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SUMMARY

In 1979 an E. fastigata progeny/provenance trial was established at two central North Island
sites in New Zealand. 126 seedlots were involved, 115 of which were open pollinated families
and 11 multiple parent composites. Nine native Australian provenances are represented by 69
progenies; 15 New Zealand 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 measured for

diameter breast height and were evaluated for form and seed production.

Multi trait index selection across sites was used to rank all the families and to select the best
families. Mean diameter and form for these were 11.6% and 9.9% 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 provenance (NSW) ranked best overall.

Within provenances/populations significant family differences were found. For example, the

New Zealand Oakura population contained two of the very best and one of the worst families.

Note: This material is unpublished and must not be cited as a literature reference



Towards deciding on forward selection, an index combining 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 family. Selection, however, was hampered by a

paucity of flowering/seed production and final selections are still to be made.

Some site x family interaction existed for the trait diameter; this effect, although statistically
significant, was small and contributed little to overall variance for that trait. Strong

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 Zealand on the initiation of
breeding programmes in various Eucalypt species. These programmes all derive from the
work of M.D. Wilcox in the 1970's and early 1980's (Wilcox, 1980). The present stage of
development of these programmes has been recently described (Shelbourne, 1989a) and a range
of breeding and seed orchard strategies has been investigated (Shelbourne, 1989b). An
Eucalypt Breeding Cooperative was formed in 1989 by the Forest Research Institute and Forest

Industry Organisations.

This report contains a reassessment of an 11 year old E. fastigata progeny/provenance trial:
the assessment was undertaken as part of the Cooperative's current improvement programme

for E. fastigata.

Eucalyptus fastigata, Deane & Maiden occurs naturally in the 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 contains 126 seedlots, 115 of which were open pollinated families and 11 multiple
parent composites. Nine native Australian provenances are represented by 69 progenies; 15
New Zealand populations by 51 progenies and 1 South African population by 6 progenies.
Most of the exotic families were from plus trees selected for good growth rate and crown form:

most of the native families were from random trees.
Further details of the 126 seedlots involved are given in Table 1, page 17.

The trial was planted out on two sites (Kinleith and Kaingaroa) in 1979.

First assessment of the trial occurred in 1980 (height growth and frost tolerance at one site);
further assessments took place in 1981 (incidence of forking) and in 1984 (diameter, height,
straightness, branch quality, forking and flowering) and have already been reported upon
(Wilcox, M.D, 1982; St Clair, 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 determining the importance of provenance selection.

3. Selection of best trees in best families for establishment of a production population by

means of collecting scions for clonal orchards and OP seed for seedling seed orchards.

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

All origins in this trial will be generally referred 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 AND METHODS

Details 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 with 3 sets of 42 seedlots each. One tree of each seedlot was
randomised within each set rep. Tests were laid out on two sites, Kinleith and Kaingaroa. The
Kinleith site contained 36 replicates and Kaingaroa 42 replicates of each seedlot. For a more
detailed description of the test see the 1985 assessment (St Clair, 1985).

Assessment

The trial was assessed for three traits:

1. Diameter: dbh in mm

2.  Form: Recorded on a 1-9 scale; the higher the score the straighter the tree:
1 = worst form for the site
9 = excellent straightness for the site

This score combines stem straightness, malformation, frequency

and size of branching.

3.  Seed production: Rated on a 0-3 scale:

0 = noseed

1 = seed noticeable

2 = frequent seasonal capsules produced
3 = extremely fruitful

In addition heights were measured separately on a sample of 76 trees from the Kaingaroa site

to obtain a measure of crop height and standing volume.

Statistical analysis - -

All statistical analyses were carried out using the SAS Statistical Analysis Programme on a

Vax 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 means which were used later

in the analysis in calculating adjustments for rep effects.

With the trial approaching 11 years of age canopy closure had occurred and several 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 in 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 diameter of less
than 100 mm. .

Analysis of variance was used to examine the nature and significance of variation existing at
the provenance and family level. The GLM procedure (SAS) was used. Sets were ignored in the
model after preliminary analyses confirmed that there were no significant effects caused by

partitioning of the seedlots into sets.

For individual sites the model analysing families was:

Yij=u+fi+lj+eij (1)

where Yi_]’ = the observation in the

jth replicate of the ith family

L = the overall mean

fi = the effect of the ith family

I = the effect of the jth replicate

ey = random error associated with the ijth tree in the jth rep in the ith family

For two sites the model was:

Yijk = B+ fi + s + (S)c + Tji Sk + €jjk (2)

where Yijk = the observation on the kth site in the jth rep of the ith famnity

1) = the overall mean

f; = the effect of the ith family

sy = theeffect of the kth site

(fs)jx = the effect of the interaction of the ith family and the kth site

rjisg =  the effect of the ji rep on the k! site (rep effects nested within sites)

ejjk =  random error associated with the kh site on the fjkth tree in the jth rep in the

ith family



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

most variable site (Kinleith) was chosen and the following model applied:
Yy = B+ pp + 5 + @i + fio by + ejk 3)

where Yijk = the observation on the ith provenance in the jth rep of the kth family

u = overall mean .

Pi = the effect of the ith provenance

y = the effect of the j™ rep

(rp)ji = the effect of the interaction of the jt rep with the ith provenance

fxipi = the effect of the kM family within the ith provenance (family effects nested

within provenance)
eijk = random error associated with the eijkth tree in the ih provenance in the jth
rep in the kB family
As rep x provenance interaction proved to be non significant this model was simplified to:

Yijk=H+pi+1j+fkfpi+egk {4)

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

Genetic Analyses
Heritabilities

2
The variance of family means Cf was estimated at each site separately as:
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estimated in the model given by equation (1) and t is the mean number of trees per famnily

at each site.



For both sites combined with sites considered to be a random effect the variance of family

means { GI%) was estimated as:
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The repeatability of family means (hf) was estimated at each site separately, and for both

sites combined, as:
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in which S¢ is the variance component of families and Gf the variance component of

family means.

Within sites individual heritabilities (hz) were estimated as:

. 407

h2 _ !

= m (8)

This model assumes a truly half-sib family situation (random mating) where a quarter of the
total additive variance occurs between families. However, several sources of non-random
mating occur. Apart from neighbourhood inbreeding the effective number of pollinaters is
probably very limited also. As a result of this the actual amount of additive variance between

families is higher, probably closer to a third of the total additive variance (pers. comment, R.

Burdon).

It was therefore decided to readjust formula (8) and estimate individual heritabilities as

~
A 307
h?  _ —_—

= 3?+ 52 (9)



Phenotypic and genetic correlations 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:

] ) MCPy - MCPerror xy (10
X =
gxy \/(Msfx - MSerror %) (Msfy - MSerror y)

in which MCPf, = mean cross products for families of trait, and traity,.
MS¢y = mean squares for families of traity

The genetic correlation between traits over sites was calculated as:

g xy = = 5 (Burdon, 1977) (11)
h x h
X y

in which:
Iy = phenotypic correlation between traits

o 4
hx = individual heritability of trait x at site a

2
hy = individual heritability of trait y at site b

x =y if same trait is considered over 2 sites

Phenotypic correlations were calculated for family means using the PROC CORR procedure of
SAS.

Index selection

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

their genetic and phenotypic correlations, was used.

Firstly, families were ranked over both sites according to the index:

— DM — FORM ~  DIAM +~  FORM
= b1 Xgierma + P2 Xxmviermma + P38 Xgamcaroa + P4 Xgaincaroa  (12)



in which:
I = index value
b = index coefficient
X = family mean for trait

Programme RESI (restricted selection index) written by Jackson, Cotterill and Dean was used

to determine the b coefficients of the index by solving the equation:
Bl = [Pl AW (13)

where [P] and [A] are matrices of the phenotypic and additive genetic variances and
covariances, respectively, and [b] and [w] are vectors of index coefficients and

economic weights.

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 index was of the type

—_— AN — VAS
I = by X DIAM + by X DAM + by X FORM + bg X FORM (14)
in which:
I = index value

b = index coefficient

X = family-mean value for trait
S

X

= individual value for trait, adjusted for block effects

A
X was calculated as:

P
1

X+ X- Xy (15)
in which:
},E = individual-tree value adjusted for replicate effects
X = individual-tree value
X = overall site mean
Xy = least-squares-mean for replicate



Different economic weightings were applied for both indices:

Ratios of economic weights of 1:1, 2:1, 3:1, 4:1 for diameter: form were applied. The weightings

were obtained by dividing each weight by the standard deviation for the trait.

The purpose of ranking individual trees was twofold:

- To assist in selecting the best trees for a production population
The family index identified the top 22 families the individual-tree index can 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 for building up of a breeding population

This breeding population should have a wide genetic base and still consists of say 100 out

of the original 126 families (pers. comment T. Shelbourne).

The family index can be used to identify the worst families. The individual-tree index is

then to be used to select the best trees within the remaining say 100 families.

RESULTS AND 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 88% of these 22 families although family rankings

would change slightly.

A similar pattern emerged when varying economic weights on the index used to select

individual plus trees.

An index applying 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 populations, eight of
which consisted of only one seedlot. Provenance rankings were calculated by taking the mean

index 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 populations 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 with exception of the

Barrington Tops provenance which moved up from rank 7 to rank 3.

Families

Significant family differences 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 statistically
significant, is small and contributes little (1%) 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 diameter and form for each site separately (Equation [1])

and for both sites combined (Equation [2]) are presented in Tables 4, 5 and 6.

Families were ranked on index and on family means for diameter, form and flowering. The
big differences betwéén families even within provenances are illustrated by the Oakura
population: At the Kinleith site its best families ranked No. 1 and No. 2 for diameter while its
worst family ranks No. 123 (out of 126) for the same trait.
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Exceptional families ranking best for both diameter and form are family 125 from Natal and
family 103 from NZ Oakura; these families also ranked best in the 1985 assessment: family
124 (Natal), still ranked in the top 4 in 1985, moved to rank 20.

Considering that most of the native families were not from intensively selected parents the
Oberon families 2 and 8 and Barrington Tops family 117 did very well. Family 105 {Oakura)
still big but of poor form in 1985 and ranking then second for DBH, now ranked 55 on index

and 45 on diameter.

Flowering was sparse overall and totally absent in 10 families. Flowering scores showed
strong positive skewness in distributions. No analysis of variance was carried out for this

trait nor were heritabilities calculated.

Index 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 Appendix, 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 clonal orchards.
Estimates of genetic and phenotypic correlations of family means are given in Table 8.
Genetic correlations between Kinleith and Kaingaroa for diameter and form were high being

0.86 and 0.92 respectively.

Family heritabilities are given in Tables 4 and 5. The Kaingaroa site, being more uniform,

displayed higher heritabilities. See Table 11 for the standard index output.

Gains from family selection were calculated as:

2
Ag = Shg (16)
where: ,
Ag = gain
S = selection differential

i1

2
hg repeatability of family means

Gains of family selection are summarised in Appendix, Table 18.
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Families and Provenances

The 2 Natal families were best for growth and form. Note the excellent form of the Barrington
Tops families. Oberon seemed to be the best provenance overall with 8 out of its 10 families in
the top 22 families. The Oberon provenance ranked also best for frost resistance in the 1982

assessment. The top 22 families came from seven provenances (see Table 9).
Plus Tree Selections

With a limited number of traits and favourable genetic correlations a good response from
selection can be expected. However, ranking of individual trees according to index showed that
a few outstanding families produced many plus trees. At the Kaingaroa site, e.g. the top 100
trees as ranked by index contained 45 trees originating from 3 families: 125 (Natal), 103 and
104 (Oakura).

For the breeding population an arbitrary limit on number of trees per family has to be set. A
maximum of 4 trees out of the outstanding families is hereby proposed as the best possible
compromise between obtaining short-term gain and maintaining long-term genetic potential
(King and All 1990).

Plus tree selections are further hampered by paucity of flowering/seed production. At
Kaingaroa 75% of the first 500 trees ranked on index were scored as having no seed. At
Kinleith this figure rose to 84%. One might expect that, although seed production is low, due to

the height of the trees some trees with a little seed have been assessed as having no seed.

For this reason objectives 3 and 4 of the assessment (see page 2) are only partially fulfilled at
this point in time: families 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 Appendix Table 19
(Kaingaroa) and Table 20 (Kinleith).

The "b" coeficients of the index combining both family and individual information (see
equation [14]) were calculated using RESI 3, a CSIRO computer programme. For index output
see Table 12 (Kaingaroa) and Table 13 (Kinleith). The phenotypic correlation between diameter
and form of individual trees was calculated using the PRO CORR procedure, see Table 10.

Individual-tree heritabilities were initially calculated using equation [8], see Tables 5 and 6.
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However, open pollinated seed from natural stands of E. fastigata most likely consists of a
mixture of outcrossed and inbred seed resulting from selfing and from mating of related
individuals (see Griffin and Cotterill 1988). As a result of this the actual amount of additive
variance between families is higher than a quarter of the total variance. Individual-tree

heritabilities as used in the index were therefore adjusted using equation [9].

CONCLUSIONS AND RECOMMENDATIONS s

Eucalyptus fastigata displays ample genetic variability which can be harnessed by breeding to
improve upon the main selection traits diameter and form. This genetic variation exists 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 rank the families over both sites. For the breeding population the lowest
ranking 20% of these families can be dropped. Individual trees have also been ranked and this
ranking could be used to draw up a list of the best trees in remaining 80% 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 107 and 1104 (Barrington Tops and Oberon) and Cpt 1208 (NSW and RSA

provenances).

The production population will consist of "forward-selected” trees; seed and scions will be
collected from best trees in identified best 22 families for establishment of seedling seed
orchard and clonal orchard respectively. Seed collected in 1985 from the best families could

be included.

The trial can be converted into a seedling seed orchard by thinning and fertilising. A thinning
which removes half of the families according to index rank is recommended: 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 {rom these yet.
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Further culling on phenotype in the remaining families should be carried out to achieve an
overall final stocking of 100 sph. Family identity of trees remaining after thinning is to be

maintained.

Identifying good flowering and seed producing sites is of foremost importance 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 trials.
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TABLES



TABLE 1 - Origins of E. fastigata seedlots in New Zealand breeding programme

Origin Lat. (S) Long. (E) Alt. (m) Number of Seedlots Total Composite Seedlot
Treated as Number(s)
Families Composites
New South Wales
Barrington Tops 31° 50’ 151° 20 1370 7 1 8 122
Yetholme 33227 149° 49 1210 1 1
Oberon 33° 54 149° 48 1220 10 1 11 58
Robertson 34° 35’ 150° 36' 720 13 13
Rossi 35° 29 149° 30' 970-1070 13 13
Tallaganda 35° 30 149° 25' 970-1070 3 3
Badja 36° 13 149° 29 1070 1 2 3 80 114
Bombala 37° 08 149° 12' 3910 13 1 14 60
Victoria
Bendoc 37° 10' 148 55' 1070 1 2 3 73 111
South Africa .
Draycott, Natal 29° 00’ 29° 45’ - 1500 6 ‘ 6
New Zealand
Tairua 37° 09’ 175° 50 20 1 1
Cambridge 37° 53’ 175° 29’ 40 5 5
Ngahinapouri 37°53' 175° 15' 40 1 1 123
Rotoehu 37° 56' 176° 35' 90 1 1
Tikitere 38° 04 176° 22" 350 4 4
Rotorua 38° 09' 176° 15 305 7 7
Waimana 38° 08 177° 05' 30 1 1
Kaingaroa 38°3I’ 176° 35' 460 4 1 5 47
Lake Mangamahoe 39° 07 174° 07 150 1 1
Oakura 39° 08' 173° 59" 125 11 1 12 110
Hunterville 39° 55 175° 38 300 9 9
Broughton Bay 41° 13 173° 56' 20 1 1
Lake Ahaura 42° 33" 171° 44° 300 1 1
Heathcote 43° 35' 172° 42 150 1 1 83
Charteris Bay 43° 40 172° 43 60 1 1
Total 115 11 126

L1
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TABLE 2 - ANALYSIS OF VARIANCE, KINLEITH, INCORPORATING

PROVENANCE (i.e. ORIGIN) CLASSIFICATION

Trait Source DF Mean Square F Ratio Variance Component
Estimate
DBH REP 35 46935.73 16.43* c? 503.26
2
ORIGIN 24 18790.26 3.64* Sp 115.00
FAM (ORIGIN) 101 5165.96 1.81+ cgp ’ 90.72
ERROR 2989 2856.86 cﬁ 2856.86
FORM REP 35 19.73 5.75* G? 0.1861
2
ORIGIN 24 20.42 2.44* Sp 0.1046
2
FAM (ORIGIN) 101 8.38 2.45* Of:p 0.1953
ERROR 2979 3.43 cg 3.43
TABLE 3 - ANALYSIS OF VARIANCE, KAINGAROA, INCORPORATING
PROVENANCE CLASSIFICATION
Trait Source DF Mean Square F Ratio Variance Component
Estimate
DBH REP 41 9520.56 4.46* cf 89.09
ORIGIN 24 26481.84 5.04* ci 162.58
FAM (ORIGIN) 101 5257.87 2.46* o?:p 113.31
2
ERROR 3277 2134.09 Ce 2134.09
2
FORM REP 41 12.77 4.08* Or 0.1166
ORIGIN 24 21.54 2.30* 012) 0.0957
) )
FAM (ORIGIN) 101 9.36 2.99* Ofp 0.2263
ERROR 3270 3.13 o*i 3.13

* Significant at the P < 0.01 level.
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TABLE 4 - ANALYSIS OF VARIANCE, KINLEITH, FAMILIES OVERALL

Trait Source DF Mean Square F. Ratio Variance Components Heritability
Estimate
2 A
DBH REP 35 46935.73 16.43* or 503.27 h2 = 026
2
FAM 125 7781.82 2.72* of 197.69
2 75
ERROR 2989 2856.86 Og 2854.86 hf = 0.63
2
OR 311.97
2 S
FORM REP 35 19.73 5.76* Or 0.1861 h2 - o031
2
FAM 125 10.69 3.12* of 0.2926
2 Ve
ERROR 2979 Ca 3.4285 h% = 0.68
2 0.4307
OF .

Table 5 - ANALYSIS OF VARIANCE, KAINGAROA, FAMILIES OVERALL

Trait Source DF Mean Square F. Ratio Variance Components Heritability
Estimate
2 A
DBH REP 41 9520.56 4.46* Or 89.17 h2 = 044
2
FAM 125 9332.87 4.37* of 264.51
2 "o
ERROR 3277 2134.09 Oe 2134.09 hf = 0.77
2
oF 342.68
- 2 A
FORM REP 41 12.77 4.08* Or 0.1167 | h2 = 037
2
FAM 125 11.70 3.73* of 0.3154
. 2 A
ERROR 3270 3.13 Ce 3.1327 h% = 0.73
2
oF 0.43

* Significant at the P < 0.01 level.
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TABLE 6 - ANALYSIS OF VARIANCE: BOTH SITES COMBINED,
IGNORING PROVENANCE CLASSIFICATION

Trait Source DF Mean Square F Ratio Variance Component
Estimate
% of total
2
DBH SITE 1 1279133.35 516.02* Og 380.06 (11%)
FAM 125 13721.73 5.54* 0'? 196.80 (6%)
SITE * FAM 125 3413.03 1.38* G(Qfs) 32.49 {1%)
REP (SITE) 76 26718.24 10.78* Gis 290.47 {9%)
ERROR 6266 2478.87 _ Gi 2478.87 (73%)
- 2
FORM SITE 1 624.95 190.90* Og 0.1852 (5%)
FAM 125 18.53 5.66* c? 0.2833 {7%)
SITE * FAM 125 3.74 1.14 c(zfs) 0.0159  (0.4%)
REP (SITE) 76 16.19 494 o 0.1551  (4%)
ERROR 6249 3.27 O‘i 3.27 {83.6%)

* Significant at the P < 0.01 level.

Although there is some site x fam interaction for the trait DBH, its effect is small and
contributes little (1%) to overall variance for that trait. It was concluded that this interaction

could be omitted from the model,



TABLE 7 - TOP 22 FAMILIES AS RANKED BY INDEX
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FAM | ORIGIN INDEX DBH DBH FORM FORM FLWR FLWR
RANK RANK RANK

125 NATAL 60.98 233 3 7.15 1 0.14 47

103 NZ OAKURA 60.45 237 1 6.73 3 0.21 28

104 NZ OAKURA 57.50 235 2 5.76 61 0.30 15
117 BARRINGTON

TOPS 57.00 214 15 7.00 2 0.05 103

8 OBERON 56.46 223 5 6.35 15 0.086 97

2 OBERON 56.30 222 6 5.92 46 0.11 61

68 TALLAGANDA 56.04 219 9 6.28 22 0.13 51

36 BOMBALA 55.88 211 19 6.72 4 0.02 115
116 BARRINGTON

TOPS 55.85 211 21 6.63 7 0.03 112

5 OBERON 55.28 216 13 6.22 23 0.17 37

6 OBERON 55.24 220 8 6.15 30 C.11 62

99 NZ OAKURA 55.13 220 7 6.02 39 0.69 2

9 OBERON 55.10 218 10 591 47 0.10 69

13 ROSSI 54.71 209 25 6.56 8 0.15 45

4 OBERON 54.68 224 4 549 84 0.09 75

10 OBERON 54.22 205 31 6.44 9 0.07 89
115 BARRINGTON

TOPS 53.93 202 37 6.68 5 0.13 57

124 NATAL 53.79 213 17 6.01 40 0.07 84

58 OBERON 53.77 213 16 5.83 56 0.06 06

o8 NZ OAKURA 53.70 207 27 6.34 16 0.33 13

34 BOMBALA 53.51 209 24 6.06 37 0.17 39

110 NZ OAKURA 53.44 218 11 5.58 79 0.39 8
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TABLE 8 - ESTIMATES OF GENETIC CORRELATIONS (ABOVE DIAGONAL)
AND PHENOTYPIC CORRELATIONS (BELOW DIAGONAL) OF FAMILY
MEANS FOR DIAMETER AND FORM AT BOTH SITES

DBH KIN FORM KIN DBH KAIN FORM KAIN
DBH Kinleith 0.47 0.86 0.36
Form Kinleith 0.39 0.47 0.92
DBH Kaingaroa 0.61 0.34 0.50
Form Kaingaroa 0.25 0.65 0.41
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TABLE 9 - TOP 22 FAMILIES BY PROVENANCE

Provenance No. families in top 22 Mean Mean % Above plantation mean
(out of total families) DBH form
DBH FORM
Natal 2 (6) 223 6.58 14.5 15.5
Oakura 5 (11) 223 6.09 14.5 6.9
Oberon 8 (10) 218 6.04 12.0 6.0
Barrington 3 (7) 209 6.77 7.4 . 18.8
Tallaganda 1 (3) 219 6.28 12.5 10.2
Rossi 1 {13) 209 6.56 7.4 15.1
Bombala 2 (13) 210 6.39 7.9 12.1
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FOFULATION FARAMETERS AS READ FROM LIERARY FILE

as.lib

Table 12
Output RESI Kaingaroa

INDEX

TRALT-A

TEAIT-E

B L DY RY BRI ORI e e

=0, D020
0D.01E63
<} 0.0137

= 1.9750
e =0.0093
B O 0103
3 43,8330
) O.1644
et 1.8870

F s |2 Fic
50

2300
00,4700
0.9200
O, 3300

Q. S00C

CHY OR
ZH3@
Q0,00

0.0
O, 0000
O, 0000
QL 0000
s} ale
0, QOO0

OO0

FARAMETERS AS READ FROM STANDARD INFUT FILE

Job no o= 1

E.Fastigata combined

[
[xT=08
no.
.
ni,
.
nee,
trait

1 dbhian
2 formhka

phenctypic (=

phenotypic

8

genetic

i3]

traits
ecaon wt.
deszired gein indices
restricted indices
per half sib family
per full sib family
per progeny  group
in inde

H
0O M I~

—
X

& dbhkan
4 formban 1 1

—
yu

0

248

e TR o
SERETEY

G Gven b
(O3

), Q000
O, OO0

3. 83EE

standard da
=N e

QL D00

ritations

=~ individual
- half sib
~ full
~- prageny

ncez - IL,KE,F,0 parti

standard deviation

]

)
value
family meazn
sib family mean

=5t om

RINVE
O,53200

Q. 0030

O, 0000

[ alsIaTe]

1,H,F,0 partitions

N L

S
1

o

(O]
[P ]

Mo

0.

1
i
2

/

O, OO0

—

T
2
o

partit
)

¢, 5805

O, 00

ions

Q.0
0., 000
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O,
Q.
0. 00C¢
QL0000
1, QOO0
Q. 00GO

it

L OOGH

3

(GRS

O, 0000

-~ e
[
oe
agecl}

QL0000

O, 000

17,0077

Q. 0000

15,0377

O, Q000

[Tt

G, OO0
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LL TRAITE UNRESTRICTED COMEBINED INDEX

T.Fastigata combined index Kaingaroa

s

ECONDMIC WT SET
ESTRICTION SET

LIE TRAIT NAME ECON INDEX_B  COVITRAIT DELTA_G  RE(TRAIT

NO MO #* WT COEFFICIENT y INDEXD (TR&IT? y INDEXD
3 1 dbhkan I 0. 04 0.0122 . 3888 &. 326 0, 45354
< 2 formkan I 0,53 0.5118 Q. . 0. 2532
3 & dbhkan H 0. 00 ER O.4911¢6
g S formbkan H 0,00 / O, O
2 S dbhkan F O, O 0. ! alaly) 0. i
4 € formbkan F 0,00 0. 0000 G G000 0. G
= 7 dbohkan ( 0,00 0. 0000 QL0000 Q. ]
< 2 formkan O 0. 00 Q. 0000 2. 0Q00 Cr I3
¥% — I = individusal valus
= H = half =ik family mean (individual irmcludsd)
- F = full sib family tindividual included)
= 0 = progsn tindividusl not included, parents unsslecbed)
genetic gaims for ssch trait on selecticon for indew (delta_GE2
are in trait_units per unit selection differential per penerstion

n

gain in aggregate
welght un
selection differ

-1

notype on

index

selection for

i}

genetic
in
- pe&Er unit

ST L ¢

per geEnevabtion

covariance of agaregate

: €2

covrrelation of genotypes % index

O, 4625

f index

seritability o
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FOFULATION
as.lib

FARSMETERS AS FEAD

-
EA
>
—
=

F)

oF

TRAIT-4

SDF)

SE.T170

Table 13
Output RESI Kinleith

~ (2

1o ot e 3

Ja € G N

o

0.0104
4. 8530

0. 1644
1.e870

R CRR ) R OO 4 B D O O3 I SIS

]
=
a2
=
ot
“

INDEX FARAMETERS

AS

FEAD FROM

mhined index Kin

t. indices =

gain indices =
restrictsd indices =
per half sibh family =
per full sib family =
per progeny group =
in incdzx as - I ~ indiv
- H - half

- F - full
- 0 - praoge

1

1 dihkin
formiin

3

economic weights
trait
1 dbhkin 0.0170
2 fermkin Q.5070
phenotypic (codvariances - I,
35 :

standard deviation

S9.5170

phenotypic

rlations

22,

FROM LIEBERARY FILE

CR

150
2000

4700

FOGE)

0.2
0. 5000 QOO0 Q.
OL2700 0, 0000 Q.

STANDAFD INFUT FILE
leith
a
<
Q
(%)
O
idual wvalue

sik family mean
sib family mean
ny test.msan

irdex
O, 0320

Q.EQ70

QL5070

7
=}
<

LODO0

QL O00

QL 000

0.8971
2.3177 198,3673
0. 2912 Z.3177
O, OO0 0.
O, QOO0 O, QD00 O, 000
QL0000 (RN 0, OGO
0,
O,
i)
s - I,H,F,0 partitions
1.3750 17,6558
(2

I,H,F

0.501
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WL TRAITS UNRESTRICTED COMEINMED INMDEX
LFastigata combined indes Kinleith

FCONOMIC WT /SET .=
CESTRICTION SET O
ECON IMDEX_E  COV(TRAIT DELTA_G  RECTRAIT

b

LIE IND TEAIT NAME

NO MO ¥ WT COEFFICIENT y IMDEXD (TRE&IT? , INDEXD
1 1 dbhkin I 0. 0% 0. 008 10,9372 14,7989 0. =)
= 2 formkin I .91 O.1737 Q.E3654 O, dmds i,

1 & dbhkin H 0,00 0.0154 S.9367 ) 0.

= 4 formkin H Q.00 U.;HUﬂ 0.1917 0.

1 S odbhkin F 0, 00 0. 0. 0000 O

o= €& formkin F O, GO O, 3 ("J 000 O,

1 7 dbhkin al O, QO L0000 L Q000 c _
e g formhin O Q.00 (_) QOO0 t_) M alelelel L 0000 (_;Ur,)x:;

= individual value

= half sib family meam Cindividual included)

full eib family mzan (individual included)

. Cindividual not included, parents unselected)

!
L0 B i g o
i

= progeny test me

qen EL ic gains for each trait on selecticon for index (de
are in trait_units per unit selection differential per generation

genetic gain in agoregate gencotyps on selection for indew
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APPENDIX TABLES



TABLE 14 - PROVENANCE/POPULATION MEANS RANKED BY INDEX

Index Origin’. Number of Index DBH DBH Form Form Flowering Flower
rank ; families rank rank rank
1 Oberon 11 54.0 213 1 5.94 4 0.09 8
2 Natal 53.4 202 4 6.37 1 0.26 3
3 Barrington Tops 8 51.8 199 5 6.08 2 0.06 9
4 Rosst 13 51.6 204 2 5.81 6 0.15 5
5 NZ Oakura 12 51.1 203 3 5.56 8 0.32 1
6 Bombala 14 49.5 190 8 6.00 3 0.06 10
7 NZ Cambridge 5 49.4 191 6 5.80 7 0.29
8 Robertson 13 47.9 190 7 5.35 9 0.12
9 NZ Rotorua 7 47.3 187 10 534 10 0.20 4
10 NZ Hunter 9 46.8 186 11 5.12 12 0.05 11
11 NZ Tikitiri 4 46.7 172 9 5.89 5 0.05 12
12 NZ Kaingaroa 5 41.8 162 12 5.13 11 0.09 7

(43
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T

Family rankings Kinleith and Kaingaroa sorted by index
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TABLE 18 - GAINS OF FAMILY SELECTION OF BEST 10, 15, 20 FAMILIES
AS COMPARED TO OVERALL MEAN

Trait
DBH Form
Overall mean 194.68 : 5.70
2
hz ] 0.76 0.80
* Best 10 families
Mean 222.14 6.48
Selection Differential 27.46 0.78
Gain 20.82 0.62
% Gain 10.7 10.9
o Best 15 families
Mean 220.83 6.33
Selection Differential 26.15 0.63
Gain 19.87 0.50
% Gain 10.20 8.8
¢ Best 20 families
Mean 217.60 6.31
Selection Differential 22.92 0.61
Gain 17.42 0.48
% Gain 8.9 8.6

2" 2
(1) sites considered to be random. O(fs) /2 component included in calculating Of ; considering

2
sites to be fixed would marginally increase the hi estimate for diameter from 0.76 — 0.81.
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