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SI]MMARY

In 1979 art' E. Jastigata progeny/provenance trial was established at two central North Island
sites in New Zealand. 126 seedlots were irrvolved, 115 of which were open pollinated families
and r I multiple parent composites. Nine native Australian provenances are represented by 6g
progenies; 15 New ZeaJand populations by 51 progenies and one South African population by 6
progenies.

The exotic families were generally from plus trees selected for good growth and form and the
native families mostly from random trees.

Eleven years after establishing a single tree plot test at two sites, trees were measu¡ed for
diarneter breast height and were evaluated for form and seed productton.

Multi trait index selection across sites was used to rank all the families and to select the best
farnilies. Mean diameter and form for these were 11.60lo and g.golo respectively above the test
mean.

Provenance/population differences were significant, with the New Zealand populations
generally being inferior with the exception of Oakura. The Natal population (R.S.A.) and
Oberon provena.nce (NSW) ranked best overall.

\Mithin provenances/populations significant family differences were found. For example, the
New Zealand Oakura population contained two of the very best and one of ilre worst families.

Note: This material is unpublished and must not be cited as a literature reference



Towards deciding on forward selection, an inder< combtning family and individual
information was used to rank individual trees at each site separately. This index selected

large numbers of forward selections from only a few outstanding families and a limit was set

on the. number of trees chosen from any one famtly. Selection, however, was hampered by a
paucity of flowering/seed production and final selections are still to be made.

Some slte x family irrteraction existed for the tralt diameter; this effect, although statistically
significant, was small and contributed little to overall varla¡rce for that trait. Stt'ong

favourable genetic correlations existed for the traits investigated.
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INTRODUCTION

A considerable amount of work has been done in the past in New Zealanð. on the initiation of
breeding programmes in various Eucaþpt species. These programmes all derive from the
work of M.D. Wilcox in the 197O's and early 19BO's fWilcox, 1980). The present stage of
development of these programmes has been recently described (shetbourne, Ig8ga) and a range

of breeding and seed orchard strategies has been investigated (Shetbourne, 198gb). An
Eucalypt Breeding Cooperative was formed in 1989 by the Forest Research Institr¡te and Forest

industry Organisations.

This report contains a reassessment of an 1I year old E. Jastþataprogeny/provenance tria-l;

the assessment was undertaken as part of the Cooperative's current improvement programme
for.E. fastígata.

EucdgptusJastigata, Deane & Maiden occurs naturally in lhe central and southern part of the
main dividing range in New South 'Wales and also extends into Victoria southeast of Bendoc.

The species has good solid wood and pulp properties and was incorporated in the New Zealand
Eucalyptus improvement programme in the late nineteen seventies.

This trial contalns 126 seedlots, 1I5 of which were open pollinated families and I l multiple
parent composites. Nine nati.ve Australian provenances are represented by 6g progenies; L5

New Zea-land populations by 51 progenies a¡d 1 South African population by 6 progenies.

Most of the exotic families were from plus trees selected for good growlh rate and crown form;
most of the native families rvere from random trees.

Further details of the 126 seedlots involved are given in Table l, page 17.

The tria-l was planted out on two sites (Kinleith and Kaingaroa) in lgzg.

Fi¡st assessment of the trial occurred in 19BO (height growth and frost tolerance at one sÍte);

further assessments took place in 1981 (incidence of forking) and in 1g8a (diameter, height,
straightness, branch quality, forking and flowering) and have already been reported upon
(Wilcox, M.D. 1982; St Clai¡, J.B. 1985).

An assessment of this trial was completed in 1990 at age 11 years. Objectives of this
assessment were as follows:



1. Updated ranking of families.

2. Ranking of provenances and determinlng the importance of provenance selection.

3. Selection of best trees in best famliies for establishment of a produclion population by
means of collecting scions for clonal o¡cha¡ds and OP seed for seedling seed, orchards.

4. Selection of about best 80o/o of families and best trees within these families for collection
of OP progenies to establish the next breeding population.

AII origins in this trial will be generally refered to as provenances although they represent
either native provenances or exotic populations. Distinction between provenance and
population is made, however, where appropriate.
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MATERIALS AI|ID METHODS

Detaíls of the seedlots used in this trial are given in Table 1. They will be normally referred to
as families although a few of them are composites.

Planting and design

A set in rep design was used ì¡/ith 3 sets of 42 seedlots each. One tree of each seed.lot was

randomised within each set rep. Tests were laid out on two sites, Kinleith and Kaingaroa. The
Kinleith site contained 36 rephcates and Kaingaroa 42 replicates of each seedlot. For a mo¡e

detafled description of the test see the 1985 assessment (st clair, lg8b).

.{ssessment

The trial was assessed for three traits:

1. Diameter: dbh in mm

2. Form: Recorded on a 1-g scale; the higher the score the straighter the tree:

I = worst form for the site

I = excellent straightness for the site

This score combines stem straightness, malformation, frequency
and size of branching.

3. Seed production: Rated on a O-3 sca-le:

O = no seed

I - seed noticeable

2 = frequent seasonal capsules produced

3 = extremely fruitful

In addition heights were measured sepãiately on a sample of 76 trees from the Kaingaroa site
to obtain a measure of crop height and standing volume.

Statistical anal¡rsls . .

All statistical analyses were carried out using the SAS Statistical Analysis programme on a
Va,x computer.
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Family means were calculated as arithmetic means for each site separately and over both sites

combined. Arithmetic means were very similar to least-squares mears which were used later
in the analysis in calculating adjustments for rep eflects.

with the trial approaching 11 years of age canopy closure had occurred and severa_l trees were

very small and dead or dying as a result of crown suppression. In some instances during the
assessment these trees were measured and tn other cases they were marked down as "too small"

or "dead". In the interest of consistency it was decided to drop all trees with a d.iameter of less
than 1OO mm.

Analysis of variance was used to examine the nature and significance of variation a'risting at
the provenance and family level. The GLM procedure (SAS) was used. Sets were ignored in the
model after prelirninary analyses confirmed that there were no significant effects caused by
partitioning of the seedlots into sets.

For individual sites the model analysing families was:

Y!=tt+fì+l+e!

where Yij = the obsergation in the

jth repllcate of the ith family

u = the overall mean?

fi = the effect of the iü famity

tj = the effect of theJü replicate

eij = random error associated with the ijü tree in the ¡th rep in the iü family

For two sites the model was:

Ytjk = p + fi + sk + (f")it * rj:sk + eijk

where Yük = the obsewation on the kth site in the¡th rep of the iü famity

p = the overall mean
fi = the effect of the ith famlty

sk = the eff'ect of the kü site

(fs)l¡ = the effect of tlle fi:teraction of the ith family and the kth site

T: st = the effect of the¡th rep on the kü site (rep eflects nested within sites)

eij L = random error associated with the kú site on the ¡tth tree in the ¡th rep in the

ith family

(1)

(2)



To test whether or not there was a significant interaction of provenance with farnilies the

most variable site (Kinleith) was chosen and the following model applied:

Yijk = F + pi * I * kn)¡i + fk:pi + eijk

where Yük = the observation on the iü provenance in the ¡th rep of the kü family

p = overall mean
pi = the effect ofthe iü provenance

t = the effect of the jü t.p
(tp\i = the eflect of the interaction of the jù tep with the iü provenance

f¡: pi = the efiect of the tü famity \¡/'ithin the ith provenance (family eff-ects nested

within provenance)

eij k = random error associated with the eijkth tree in the iü provenance in the jü
rep in the kth family

As rep x provenance interaction proved to be non significant this model was simplifled to:

Yijk = p + pi + r¡ + fk:pi + el¡k

with the rep x provenance interaction incorporated in the error term.

Genetlc Anal¡rses

Herttabilities

The variance of family means ofi *u" estimated at each site separately as:

2
l" n2 %6a a'-,-"F = "f+ t

,.)
where % *d % *. the variance components of family and error respectively as

estimated in the model given by equation (1) and t is the mean number of trees per family
at each site.

(3)

(4)

(5)



For both sites combined with sites considered to bet
means ( $) was estimated as:

ds+2

The repeatability of family means

sites combined, as:

a random effect the variance of family

thfrt*"" estimated at each site separately, and,for both

variance component of

 t4r3
"F = 5*¡

(7)

n2
/\ o'

ñl
hz
F-æ_

F

(6)

in -frich o? is the variance component of families a¡rd

family means.

within sites individual heritabilities th2¡ were estimated as:

This model assumes a truly half-sib family situation (random mating) whe¡e a quarter of the
total additive vadance occurs between families. However, several sources of non-random
mating occur. Apa¡t from neighbourhood inbreeding the effective number of pollinaters is
probably very limited also' As a result of this the actual amount of additive variance betr.veen
families is higher, probably closer to a third of the total additive variance (pers. comment, R.
Burdon).

It was therefore decided to readjust formula (S) and estimate individual heritabilities as

At
¿. oi

TE
¡2

oå *.

(B)

/\,
3o;

^1-- ^õ5* %

¡2
(e)
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Phenot5rylc and genedc corelations between traits

The genetic correlation between traits was estimated by firstly executing an analysis of
covariance to generate the mean cross products from the family means at each site.

The genetic correlation between traits was estimated for each site separately according to the
formula:

rgxy
MCPf*U - MCP.rro, *

r/(tvtSç - MSe.rorx) (tvtS¡, - Mserrory)
(10)

in which MCP¡o
MSft

mean cross products for families of trait* and traitr.
mean squares for families of trait*

The genetic correlation between traits over sites was calculated as:

tg *,y =
rp

(Bu¡don, 1977) (t t¡

which:

= phenotypic cor¡elation between traits

individual heritability of trait x at site a

indivÌdual heritability of trait y at site b

x = T f same trait is considered over 2 sites

Phenotypic correlations v/ere

SAS.

Index selectlon

calculated for family means using the PROC CORR procedure of

A Smith-Hazel index (Lin's 1978 Terminologr), taking lnto account heritabilities of traits and

their genetic and phenotypic correlatlons, was used.

Firstiy, families were ranked over both sites according to the inde.r:

r = or -"*ffi + o, Fr*ffi + b. xr,*,?Hoo + b4 XKAff#RoA (12)

in
rp

o
h'x

o
h-
v

oqnvnxy
2
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in which:

[ = index value

b = index coefficient

X = family mean for trait

Programme RESI (restricted selection inde-x) written by Jackson, Cotteritl and Dean was used
to determine the b coefficients of the index by solving the equation:

Secondly, individual trees at each site separately were ranked on an index combining both
family and individual information. Genetic correlations as calculated according to (10) were
used. Phenotypic correlations were calculated for individual tree values using the pROC CORR
procedure in SAS.

This second indexrvas of the ty¡le

tbl = tPl-l tÁ¡ lwl

where [Pj and [Aì are matrices of the phenotypic and additive genetic variances and
covariances, respectively, and lbl and [w] are vectors of index coefficients and
economic weights.

I = 11 xol,+,v + qlolw + bgxronn¿ + b+îuo*,

in which:

I - index value

b = index coefficient

X = family-mean value for trait
X = individual value for trait, adjusted for block eflects

X was calculated as:

x = x+F_xr)

in which:

X = individual-tree value adjusted for replicate effects

X = individual-tree value

f = overall site mean

X1 = least-squares-mean for replicate

(13)

(14)

(15)
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Different economic weightings were applied for both indices:

Ratios of econornic weights of 1:1, 2:I, 3:1, 4:1 for diameter: form were applied. The weightings
were obtained by dividing each weight by the standa¡d der¡iation for the trait.

The purpose of ranking individual trees was twofold:

- To ass¿st ín selectíng the best trees Jor a productíon populatíon

The family index identified the top 22 families the i¡rdividual-tree index ca¡ be used to

select the best trees within these families; seed from these can be used for establishment
of seedling seed orchards. Scions can be collected for establishment of a clonal orchard.

- To assist in selecting the best trees Jor buí)ding up oJ a breedtng populatíon

This breeding population should have a wide genetic base and still consists of say tOO out
of the origi.nal 126 families (pers. comment T. Shelbourne).

The family index can be used to identify the worst farnilies. The individual-tree index is
then to be used to select tJ:e best trees wilhin the remainjlg say 1OO farnilies.

RESIJLTS A¡gD DISCUSSION

Index

The index used to rank the families appeared to be quite robust: firstly the top 22 families were
chosen on an index equally weighting diameter and form. An index with a 4:1 weighting ratio
of diameter and form would still select 88o/o of these 22 famities although faneily rankings
would change slightly.

A simila¡ pattern emerged when varying economic weights on the index used to select
tndividual plus trees.

An index applyrng a 2:1 weighting ratio on diameter and form was used to rank families and
individual plus trees.
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Provenances

Provenance differences were highly significant as'were differences between families within
provenance (see Tables 2 and 3)

In ranking of provenances the arbitrary decision was taken that they should be represented by
at least 4 families. This meant dropping over half of the New Zealand poputations, eight of
which consisted of only one seedlot. Provenance rankings were calculated by taking the mean
indax value of the origins representing the provenance and ranking these.

The Oberon provenance ranked best overall, followed closely by the Natal population.

Barrington Tops, Rossi and NZ Oakura also ranked well. The NZ populations were generally
poor with exception of Oakura and Cambridge. Kaingaroa ranked lowest for DBH and second

lowest for form, making it the lowest ranked provenance overall (see Appendix, Table 14).

The generally low ranking of the NZ popuiations shows that, although their seed was collected
from plus trees, the original seed source must have been inferior and may have suffered from
inbreeding depression.

Compared with the 1985 assessment no big changes in ranking occurred. witJ: exception of the
Barrington Tops provenance which moved up from rank 7 to rank 3.

Families

Significant family diflerences exist for both diameter and form. The Anova for diameter over
both sites shows that there is some site x fam interaction; this effect, although statisticaily
significant, is smali and contributes little (10lo) to overall variance for that trait; it can be

concluded that this interaction is so minor that it may be safely omitted from the model.

Results of the analysis of variance for {iameter and form for each site separately (Equation Ii])
and for both sites combined (Equation [2]) are presented in Tables 4, 5 and 6.

Families were ranked gn index and on family means for diameter, form and flowering. The
big diflerences between families even within provenances are lllustrated by the Oakura
population: At the Kinleith site its best families ranked No. I and No. 2 for diameter while its
worst family ranks No. 123 (out of 126) for the same trait.
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Exceptional famllies ranking best for both diameter and form are family 125 from Natal and
family 1O3 from NZ Oakura: these families also ranked best ln the 1985 assessment; family
12a Natal), still ranked in the top 4 tn 1985, moved to rank 2O.

Considering that most of the native families were not from intensively selected parents the
Obe¡on families 2 and 8 and Barrington Tops famity 117 did very well. Family tO5 (Oakura)

still big but of poor form in 1985 and ranking then second for DBH, now ranked SS on index
and 45 on diameter.

Flowering u/as sparse overall and totally absent Ín 10 famiiies. Flowering scores 
"no*.U

strong positive skewness in distributions. No analysis of variance v/as carried out for this
trait nor were heritabilities calculated

Inde¡c rankings, family means and ranks over both sites for diameter, form and flowering are
given in Appendix, Table 15. Family means and rankings for diameter, form and flowering
for each site separately are given in Appendlx, Tables 16 and 17.

The top 22 families (excluding composites) are list in Table 7.

Seed, if present, can be collected from the best trees in these families for establishment of
seedling seed orchards. Scions can be collected for establishment of clona-l orchards.

Estimates of genetic and phenotypic correlations of family means are gÍven in Table B.

Genetic correlations between Kinleith and Kaingaroa for diameter and form were high being
0.86 and O.92 respectively.

Family heritabilities are given in Tables 4 and 5. The Kaingaroa site, being more uniform,
displayed higher heritabilitj.es. See Table 11 for the standard index output.

Gains from family selectlon were calculated as:

^g

where:

^g=S=
2h¡=

sh3 (16)

gain

selection differential
repeatability of family means

Gains of family selection are suûunarised in Appendix, Table Ig.
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Famllles and. Provenances

T}le 2 Nata-l families were best for growth and form. Note the excellent form of the Barrington
Tops families. Oberon seemed to be the best provena¡ce overall with I out of its 1O families in
the top 22 farnilies. The Oberon provenance ranked also best for frost resistance in the 1982

assessment. The top 22 farnilies came from seven provenances (see Table g).

Plus Ttee Selectlons

'With a lirnited number of traits and favourable genetic correlations a good response from
selection can be expected. However, ranking of individua-l trees according to indax showed that
a few outstanding families produced many plus trees. At the KaÍngaroa site, e.g. the top 1OO

trees as rarrked by indar contained 45 trees originating from 3 families: 125 (Natal), 1O3 and
1O4 (Oakura).

For the breeding population an arbitrary limit on number of trees per family has to be set. A
mÐdmum of 4 trees out of the outsta¡ding families ls hereby proposed as the best possible

compromise between obtaining short-term gain and malntaining long-term genetic potential
(King and Ali 1990).

Plus tree selections are further hampered by paucity of flowering/seed production. At
Kaingaroa 75o/o of the first 50O trees ranked on index were scored as having no seed. At
Kinieith this figure rose to 840/0. One might expect that, although seed production is low, due to
the height of t1e trees some trees with a little seed have been assessed as having no seed.

For this reason objectives 3 and 4 of Lhe assessment (see page 2) are only partially fulfilied at
this point in time: farnilies and all individual trees have been ranked but paucity of
seeding/seed production has lead to postponement of final selections.

For the rankings of individual trees at Kinleith and Kaingaroa see Appendl.< Table 1g
(Kaingaroa) and Table 20 (Kinleith).

The "b" coeflicients of the index combining both family and individual information (see

equation [14]) were calculated using RESI 3, a CSIRO computer prograrÌme. For index output
see Table 12 (Kaingaroa) and Table 13 (Kinleith). ttre phenotypic correlation between diameter
and form of indir¡idual trees was calculated using the PRO CORR procedure, see Table lO.
Individual-tree heritabilities were initially calculated using equation [B], see Tables 5 and 6.
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However, open pollinated seed from natural stands of E. Jastþata most likely consists of a
mixture of outcrossed and inbred seed resulting from selfing and from mating of related

indir¡iduals (see Griffin and Cotterill 1988). As a result of this the actual amount of additive
variance between farnilies is higher than a quarter of the total variance. Individual-tree
heritabilities as used in the lndexwere therefore adjusted using equation [9].

CONCLUSIONS .AND REC OMMENDATIONS

EucalgptrtsJastigata displays ample genetic variability which can be harnessed by breedtng to
lmprove upon the main selection traits diameter and form. This genetlc variation erists at
both family and provenance level. The best performing families covered. the complete
geographical range indicating that provenance selection on its own is not very effective.

Selection of plus trees for both breeding and production population is hampered by poor

seeding.

An index was used to ranh the famllies over both sites. For the breeding population the lowest
ranking 2Oo/o of these families can be dropped. Individual trees have also been ranked and this
ranking could be used to d¡arv up a list of the best trees in remajnin g BOo/o of the families. Very
little seed is needed to reconstruct the breeding population and inspection of candidate trees
using binoculars will soon reveal whether or not this seed is available. Additional progenies

can be collected from, e.g. the Oberon provenance, improved South African populations and
from Kaingaroa Cpt 1O7 and 11O4 (Barrington Tops and Oberon) and Cpt 12Og (NS]M and RSA
provenances).

The production population will consist of "forward-selected" trees; seed a¡d scions will be

collected from best trees in identified best 22 families for establishment of seedling seed

orchard and clona-l orcha¡d respectively. Seed collected in 1985 from the best families could
be included.

The trial can be converted into a seedlÍng seed orchard by thiruring and fertilising. A thinning
which removes half of.the farnilies according to lndex rank is recorlmended: plus trees
however which were selected for the breeding population but came from the lower ranked
families should be left if no seed could be collected from these yet.
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Further culling on phenotype in the remaining families should be ca¡ried out to achieve an
overall final stocking of IOO sph. Family identity of trees rematning after thinning is to be
maintained.

Identifying good flowering and seed producing sites is of foremost imporiance in the
establishment of orchards and next round of progeny trials.

Sufficient seed from an average rated family should be collected to be used as control seedlot in
future triats.
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Number of Seedlots
Treated as

Families Composltes

31" 50'
33" 27',
33" 54'
34'35'
350 29',
350 30'
36'13',
370 08'

37" 10'

29" 00'

370 09',
37" 53'
37'53'
37" 56',
3Bo 04'
3Bo 09'
3Bo 0B'
3Bo 3I'
390 07'
39" 0B'
39" 55'
4lo 13'
42" 33'
430 35'
43" 40',

15Io 20'
1490 49'
149" 48'
150" 36'
149'30'
r49" 25',
1490 29'
149" 12'

14B 55'

2go 45'

175" 50'
r75 29'
175" I5',
176" 35'
t76" 22',
176" l5'
t77" O5',

I760 35'
174" O7',

173" 59'
1750 33'
I73" 56',
l7l" M'
\72" 42'
172" 43'

1370
12 r0
1220
720

970-1O70
970-ro70

1070
910

ro70

1500

20
40
40
90

350
305

30
460
r50
r25
300

20
300
150
60

Tol-al

t
5
I
1

4
7
I
5
t

t2
I
l"
1

I
I

r26

TABLE 1 - trglns of E.Jastígata seedlots ln New Zealand breedlng programme

Ortgln Composite Seedlot
Number(s)

111

t23

Barrtngton Tops
Yetholme
Oberon
Robertson
Rossl
Tallaganda
BadJa
Bombala

Vlctorla
Bendoc

South Afrlca
Draycott, Natal

NewZealand
Talrua
Cambrtdge
Ngahinapouri
Rotoehu
Tikttere
Rotorua
Walmana
Kaingaroa
Lake Mangamahoe
Oakura
Hunterville
Broughton Bay
l,ake Ahaura
Heathcote
Charteris Bay

r22

5B

BO 114
60

H\¡

47

110

B3
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TABLE 2 - AI\T.qLYSIS OF VARIANCE, I{NYLEITTÍ, INCORPOR-ATING
PROVENAIIICE (t.e. ORIGIN) CLASSIFIC^åTION

Trait Source DF Mean Square F Ralio Variance Component
Estimate

DBH REP

OzuGiN

FAM (ORIGIN)

ERROR

35

24

101

2989

46935.73

18790.26

5165.96

2856.86

16.43*

3.64*

1.8 1 
r,

2
or

2
oP

2
of'p

2
oe

503.26

115.0O

90.72

2856.86

FORM REP

OzuCIN

FA.M (ORIGIN)

ERROR

35

24

101

2979

19.73

20.42

8.38

3.43

5.75'

2.44*

2.45*

2
or

2
op

2
o[p

2
oe

0.1861

0. 1046

0.1953

3.43

TABLE 3 - AI.TALYSIS OF VARIANCE, K.å,INGARO.C" INCORPORATING
PRO\IENAIVCE CI.AS SIFICATION

Trait Source DF Mean Square F Ratio Variance Component
Estimate

DBH REP

OzuGIN

FAM (OzuGIN)

ERROR

4I

24

101

3277

9520.56

264€L.B4

5257.87

2134.O9

4.46*

5.04*

2.46*

.)

or
2

op

2
ofrp

2
oe

89.09

162.58

113.31

2134.O9

FORM REP

OzuGIN :

FAM (ORIGIN)

ERROR

4t

24

10r

3270

12.77

21.54

9.36

3.13

4.Og*

2.æ*

2.gg*

2
or

2
op

2
of,p
,

oe

0.1 166

o.0957

o.2263

3.13

* Significant at the P < O.Ol level.
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TABLE 4 - AI\IALYSIS OF VARTANCE, KTNI,EITH, FAMILIES O\IERÄLL

Table 5 - aIALYsrs oF VARIANOE, rfArNGARorqr FArvrrLIEs O\TERALL

Trait Source DF Mean Square F. Ratio Variance Components Heritability
Estimate

DBH REP

FAM

ERROR

.fÕ

L25

2989

469s5.73

778L.82

2856.86

16.43r

2.72*

2
or

2
of

2
oe

2
O=¡

æ3.27

197.69

2854.86

3l1.97

h2 = 0.26

ß=0.*

FORM REP

FAr\{

ERROR

35

t25

2979

r9.73

10.69

5.76'

3. l2r

2
or

2
of

2
oe

25

o. 186l

o.2926

3.4285

o.4307

h2 = o.3l

.2
hp- = 0'68

Trait Source DF Mean Square F. Ratio Variance Components Heritability
Estimate

DBH REP

FA}I

ERROR

4L

L25

3277

9520.56

9332.87

2134.æ

4.46'

4.37*

t
or

2
of

2
oe

2
O=¡

89.I7

2ù1.5L

2t34.0S

342.æ

h2 = o.44

I
h= = o.T7¡

FORM REP

FAM

ERROR

4T

L25

s270

12.77

LI.7O

3.13

4.08'

3.73.

2
or

2
of

2
oe

o
G¡

o. t 167

0.3154

3.L327

0.43

h2 = o.s7

,2hn = o'73

* Signi-ûcant at the P < O.0l level.
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TABIE. 6 -.âNALreIS OF VARIANCE: BoTH SITES coMBIl\IED,
IGNORTNG PRO\¡ENAI{CÐ CL.ASSIFICATION

Although there is some site x fam interaction for the traj.t DBH, its effect Ís small and
contributes little (10lo) to overall variance for that trait. It was concluded that this interaction
could be ornitted from the model.

Trait Source DF Mean Square F Ratio Variance Component
Estimate

%o of total

DBH SITE

FAM

SITE * FAM

REP (SITE)

ERROR

1

r25

r25

76

6266

1279t33.35

r372t.73

3413.03

26718.24

2478.87

516.02*

5.54*

l.3g*

ro.78*

2
os 380.06 (110/o)

2
o¡ 196.80 (6%)
,

o(fs) 32.49 (Io/o)

t
o¡:s 290.47 (9o/o)

2
oe 2478.87 (73o/o)

FORM SiTE

FAM

SITE * FAM

REP (STTE)

ERROR

I

r25

125

76

6249

624.95

r8.53

3.74

16.19

3.27

190.90*

5.66*

1.14

4.g4*

2
os 0.1852 (5o/o)

2
of 0.2833 (7o/o)

2
o(r") 0.0159 (O.4o/o)

t
o¡:s 0.1551 (4o/o)

2
oe 3.27 (83.6%)

* Significant at the P < O.Ot level.
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T,CBLE 7 - TOP 22 FA]VIILIES AS R¡{NKED BY INIDEX

FAM ORIGIN INDEX DBH DBH
RANK

FORM FORM
RANK

FLWR FLWR
RANK

t25

103

t04

t17

I
2

68

36

116

5

o

99

9

13

4

10

115

L24

58

98

34

110

NI$AL

NZ OAKURA

NZ OAKURA

BARzuNCTON
TOPS

OBERON

OBERON

TALI-AGANDA

BOMBAI-A

BARRINCTON
TOPS

OBERON

OBERON

NZ OAKURA

OBERON

ROSSI

OBERON

OBERON

BARzuNGTON
TOPS

NATAL

OBERON

NZ OAKURA

BOMBATá.

NZ OAKURA.

60.98

60.45

57.50

57.OO

56.46

56.30

56.04

55.88

55.85

55.28

55.24

55.13

55.10

V.7L

54.68

v.22

53.93

53.79

53.77

53.70

53.51

53.44

233

237

235

2L4

223

222

219

21 t

2IL

2t6

220

220

218

2æ

224

205

2V2

213

213

207

2æ

2ra

3

I

2

15

5

6

o

i9

2L

13

I
7

10

25

4

3I

JI

L7

l6

27

24

11

7.r5

6.73

5.76

7.W

6.35

5.U¿

6.28

6.72

o.b.J

6.22

6.15

6.02

5.91

6.56

5.49

6.4

6.68

6.01

5.83

6.34

6.06

5.58

I

3

61

2

t5

46

22

A

7

23

30

39

47

8

84

o

5

40

56

16

37

79

o.14

0.2r

o.3q

0.05

0.06

0.u

0.13

o.u2

0.03

o.t7

0.1I

0.69

0.10

0.15

0.c9

o.o7

0.13

o.o7

0.06

0.33

o.t7

0.39

47

28

t5

103

97

6t

5l

u5

TL2

ó/

62

2

69

45

75

89

57

84

96

13

39

8
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TABLE 8 - ESTIIVIATES oF GEIYETIC CoRRELATIONS (ABO\IÐ DIAGOI{AL)
Á]\ID PHENOTYPIC CORREI,ATIONS (EEI,OW DIAGONÂL) OF F.C]|,trLY

MEÁ¡IS FOR DIAMETER ATVD FORM.AT BOTH SITES

DBH KIN FORM KIN DBH KAIN FORM KAIN

DBH Kinieith

Form Kinleith

DBH Kaingaroa

Form Kaingaroa

0.39

o.61

o.25

4.47

o.34

o.65

0.86

o.47

o.41

o.36

o.92

o.50
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T.SBI,E 9 - TOP 22 FAIVÍILIES BY PRo\¿ENA}ICE

Provenance No. families in top 22
(out of total families)

Mean
DBH

Mean
form

o/o Above plantation mean

DBH FORM

Natal

Oakura

Oberon

Barrington
Tallaganda

Rossi

Bombala

2

5

I
ô
J

(6)

(1 1)

(10)

(7)

(3)

(13)

(13)

1

2

223

223

218

2A9

219

209

21A

6.58

6.09

6.04

6.77

6.28

6.56

6.39

14.5

14.5

12.o

7.4

12.5

7.4

7.9

15.5

6.9

6.O

18.8

ro.2

i5. I
72.r
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TABLE 18 - GAINS Or'FÁIVÍILY SELECTION OF BEST 10, 15, 20 FAIVIILIES
.â,S COMPÁRED TO O\¿ER.åLL ÌVIEÁI\I

(l) Sltes considered to be random. ol¡r"¡ /2component included in calculati.rg o3: considering

sites to be fixed would marginally increase tire irfr estimate for diameter from O.76 -+ O.Bt.

Trait

DBH Form

Overall mean

¡l trt¡

194.68

o.76

' 5.70

o.80

r Best lO fami-lies

Mean

S election Differential

Gain
o/o Gain

222.I4

27.Æ

20.82

10.7

6.48

o.78

o.62

ro.9

I5 families

Mean

Seiection Dlfferential
Gain
o/o Gain

22A.83

26.15

19.87

r0.20

6.33

o.63

o.50

8.8

Best 2O families

Mean

Seiection Differential

Gain
o/o Gain

2r7.æ
tt on

17.42

8.9

6.31

o.61

o.49

8.6
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