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The 1988 age class (12.5 ha net) utilised 30 clones, including several used in 1986 from
families superior on sedimentary sites, as well as other ‘sedimentary’ selections not
previously used. The 1989 plantings will be of the 1988 clonal mix.

Walcha Seed Orchard. This new seed orchard is currently 7.7 hectares in area,
established in 1987-1988, using grafted ramets of 48 (1987) and 60 (1988) second-
generation clones selected in two progeny tests in Nundle S.F. (Tamworth District). The
parent clones were selected in families displaying superior growth, health and form,
implying resistance to Dothistroma. Eleven (11) of these clones have also been used in
Tallaganda Orchard. The layout is randomised complete blocks. The ultimate area is
expected to be 9 to 10 ha. Irrigation will be supplied to the Orchard in the near future.

(ii) Imported seed orchard seed. The current seed requirement of the
F.C.N.S.W,, for its own use and private sales, is about 1300 kg per annum, with all areas
of plantation being established using seedlings. Almost no seed has been available from
N.S.W. seed orchards over the past two or three years. About 21% (263 kg) of this
shortfall was made up in 1988 with seed orchard seed purchased from Proseed (New
Zealand). This seed, with Improvement Ratings of GF 14 and GF 16 (N.Z. F.R.L, 1987),
includes several clones of New Zealand 850-Series (whose progenies have performed very
well in International Gene Pool Trials in New South Wales) and 268-Series, and can be
expected to give plantations of superior growth and form to those derived from
unimproved seed sources (see also Section on Demonstration Plantings).

(iii) Present sources of unimproved seed. A large proportion of the seed used to
produce planting stock in recent years has come from final fellings in pre-war and early
post-war stands. Seed from this operation is derived from about the best 100 trees per
hectare, a selection intensity of about one tree in 15. This is low-intensity mass selection
in first-generation stands, and can be expected to result in genetic gains of only about 3%
for diameter and 12% for stem form, compared with seedlots collected from a random
sample of trees in unthinned first-generation stands on similar sites (following calculations
of Shelboumne, 1969). Available results of trials comparing clonal seed orchard seed with
clear-felling seedlots in N.S.W. support this contention, and indicate a general superiority
of the seed orchard seedlots (Green Hills, Tallaganda and Vulcan). Gains by these
seedlots for volume at six to eight years averaged 22%, over several sites, with the
Tallaganda and Vulcan seedlots mostly performing better than those from Green Hills
Seed Orchard.

(b) Future Seed Orchard Production Populations

Clonal seed orchards may be managed using two basic pollination systems - open-
pollination (0.p.) and controlled pollination (c.p.). A brief discussion of these options is
relevant at this point in the paper.

Conventional o.p. seed orchards, as widely used in 1960’s and 1970’s, have proved a
reasonably successful but cumbersome method of improved seed production (Burdon,
1986). The main problems, are: the long lead time from selection of clones to full seed
production; contamination by outside pollen; difficulty of applying cultural treatments or
assisted pollination on an individual clone basis; impossibility of adding superior new
clones to an orchard as they are selected in the breeding population. The long period (20
to 25 years) that these orchards need to be in place to be productive and economical
means that seed produced is often out of date in genetic quality relative to that potentially
available from new selections.
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To obtain the greatest benefit from improved genotypes via a seed production population,
seed orchard managers need to be able to exercise control at all stages from flower induc
AN tion to seed development. The use of c.p. orchards considerably reduces lead times until
seed production; it gives flexibility in modifying the suite of clones so that the best
crosses can be produced as information becomes available; clonal plantings are
- consolidated for ease of specific management treatments clone-by-clone; new improved
clones can be added at any time, to be productive within three to four years (Griffin,
1988).

Control-pollinated orchards range from conventionally laid-out o.p. orchards, hedged and
mass-pollinated with a pollen mix for a few years, to specially laid-out orchards with
hedged rows of particular clones (e.g. Hedged Artificially-pollinated Seed Orchards
(HAPSO’s) in Western Australia - Butcher, 1988), to which selected pollens are applied.
A fuller description of options for management is given later. Such seed orchards are
becoming widely recognised in Australasia as the most efficient means of mass-producing
highly selected genotypes by seed, although there are technical problems still to be solved.

The F.C.N.S.W. will plan to manage any seed orchards established in the 1990’s and later
as control-pollinated orchards, guided by the experience of other organisations using these
systems.

(i) Requirement for new clonal seed orchards. Clonal seed orchards are
expected to be the mainstay for providing. genetically improved planting stock in New
South Wales for many years to come. There is an urgent need to maximise yields from
existing orchards, as described above, and to establish further orchards to ultimately
replace Vulcan Seed Orchard, aiming to produce at least 1300 kg of seed (or the
equivalent number of planting stock as seedlings and cuttings) per year overall.

It is imperative to have orchards in production on at least two or three sites at any one
A time, as insurance against calamities such as wildfire. The Ash Wednesday fires in South
Australia and Victoria in 1983, when several seed orchards were destroyed, provided an
object lesson in this regard. Under a multiple-population strategy, as currently proposed
for N.S.W., meeting this ideal would theoretically entail maintaining up to six orchards at
any one time, catering for the three different ‘site types’ (as defined previously). This
number of sites could be reduced by, for example, establishing a ‘granodiorite’ and a
‘sedimentary’ orchard adjacent to each other on each of two large sites, instead of having
four separate smaller orchards, an approach which would be more efficient in terms of
management.

Projected requirements for new seed orchards are discussed briefly below, by target site
types:

Granite/granodiorite sites. A planting stock requirement equivalent to about 550
kg of seed per year is assumed. At present, there is no orchard in existence specifically
designed to provide seed for this site type. Seed from some of the clones in Vulcan
Orchard will be used for granodiorite and mixed granodiorite/basic rock sites in Albury
Region, once the orchard becomes productive again. Seed of clones which appear to be
better adapted to sedimentary sites should not be used on the ‘granite’ sites. Continuing
use of seed from Vulcan Orchard will, however, be based on its achieving substantial

-€ realised gains over competitively-priced alternatives over a range of sites. Seed from
some of the clones in Windamere Orchard will probably be found to be suitable (once the
GCA'’s of the clones are known) for ‘granodiorite’ as well as ‘sedimentary’ site
plantations, and thus some of the seed required for the granite sites could be supplied
from Windamere Orchard.

[
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At all events, new areas of seed orchard will probably need to be established to cater for
the ‘granite’ sites, aiming to replace Vulcan Orchard soon after the turn of the century.
Control-pollinated orchards are proposed, to be planted in the early 2000’s on sites
selected for high seed yields. A relatively small area of about 10 to 15 ha would be
required, in two geographically separated sections for security. Second-generation clones
of proven high GCA would be available for such orchards by then (see section on cu]lmg
of seed orchards, below).

Sedimentary sites. About 600 kg of seed or equivalent is required for plantations
over the more fertile sedimentary sites, as well as low-phosphorus and acid volcanic sites.
Windamere Seed Orchard is expected to be the main source of this seed, once it becomes
fully productive (by about 1995, if left to develop as an o.p. orchard). In the interim,
some of the clones in Vulcan Seed Orchard (those whose progenies appear well-adapted to
sedimentary sites) are expected to provide up to half of the seed requirement.

The immediate need for further seed orchard area for these site types will be met by the
planned expansion of Windamere to 50 ha. The full orchard can be expected to yield at
least 800 kg of seed per year (under o.p. management), thus more than adequately catering
for the sedimentary sites. This orchard has disadvantages in terms of security, being in
one large single block. This is unavoidable, since the establishment is virtually fait
accompli, and it will necessitate special efforts in protection.

Establishment of further seed orchards to cater for granodiorite and sedimentary sites will
be necessary by about 2005, to enable Windamere Orchard to be phased out (about 2010
to 2013).

Dothistroma-susceptible and Basalt sites. Adequate o.p. seed orchard area will be
established by 1989, at Tallaganda and Walcha, to cater for the Northern Tablelands sites
and Bathurst Region basalt sites. The two orchards between them (about 12 ha) can be
expected to yield at least 150-180 kg of seed per year after about 1995, which will be
more than enough to supply these sites. The orchards are separated geographically, so
there would be little risk of losing both of them. No requirement for further seed orchard
area to supply these site types is envisaged until about 2010, when the existing orchards
will be phased out.

The total area of new seed orchards required for all site types in this later period will
depend on several factors, such as the amount of seed being used per year by then (this
could be relatively small if seedling stock is augmented by mass vegetative propagation),
and the effectiveness of management techniques in boosting seed production per area of
orchard. If c.p. orchards are in wide use, large amounts of seed could be produced over
small areas.

(ii) Clones for future seed orchards. A general policy is proposed of using the
most advanced genetic material available. This has been done in the recently-established
orchards (since 1984), in which the clones are-almost all second-generation (forwards)
selections from progeny tests. Future seed orchards here includes both those to be newly
established, and those already established but which are proposed to be culled (rogued) to
fewer clones to improve potential genetic gains. Culling of existing orchards is discussed
first, below:

Windamere Seed Orchard. Clones in this orchard were selected from families of
high mean performance, and consequently relatively few were established (between 24 and
36, depending on age class). This clonal composition gives latitude for only a light
culling on the basis of GCA and seed yields of clones, and possibly their health. How-
ever, it is still considered advantageous to cull the 1986 to 1989 age classes down to a
level of about 15 to 18 excellent clones. The South Australian Breeding Plan (Cotterill,
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1984) specifies a minimum of 20 clones for advanced-generation orchards, while Dr. D.
Lindgren, Swedish Uni. of Agricultural Sciences, Umea, (pers. comm.) recommends 12 to
; 15 as an optimal number of clones, and possibly slightly more, in radiata pine orchards.

Testing of the progenies of all the Windamere clones should be carried out, to give
estimates of GCA’s over a range of sites. This information will indicate which clones are
suitable for granite sites, sedimentary sites, or both, and indicate clones of outstanding
GCA with potential for controlled crossing and mass vegetative propagation (discussed
later, under Cuttings-based Production Populations). Culling of low-GCA clones from the
orchard can be expected to raise expected gains from the use of bulk seed, although these
extra gains may be small due to the low intensity of culling that would be possible (1:3
at maximum).

The GCA’s of most of these clones may be estimated from the outplantings of the first
four sublines of the Breeding Population, by about 2000 (if polycross mating is used),
allowing culling at 12 to 13 years old, so little extra progeny-testing work would be
required in this case. Otherwise, a special crossing programme outside that proposed for
regenerating the Breeding Population would be necessary to estimate GCA’s of these
clones.

Tallaganda Seed Orchard. This orchard contains 30 second-generation clones
selected from families in Nundle S.F. which show apparent resistance to Dothistroma, but
the clones have not yet been screened for GCA for resistance (or any other traits). This
needs to be done as soon as possible, to enable the Orchard to be culled down to about
15 clones, also incorporating information on seed yields and clonal health.

Polycrossed (control-pollinated with a mix of pollens from all or most of the clones in the
orchard) seed from most of all clones should be able to be produced in Lochinvar Clone
Bank by 1992, and these polycross families tested for resistance, growth and form in

& small progeny tests over two or three sites, by 1998. The GCA information gained will
be used to cull out the poorest clones, for resistance particularly, when the Orchard is 13
to 14 years old.

Walcha Seed Orchard. This Orchard was designed to be culled heavily, and
contains 48 (1987 age class) and 60 (1988 age class) clones. As in the case of
Tallaganda Orchard, culling on the basis of GCA for Dothistroma resistance, growth and
form is planned, to retain 15 to 18 clones (a culling intensity of 1:3 to 1:4). This culling
is expected to give substantial increases in genetic gain from bulk seed, as well as indicat-
ing individual clones of especially high GCA.

Testing for GCA will employ polycrossed seed of as many of the orchard clones as
possible. Ramets bearing female flowers should be available in Lochinvar Clone Bank by
1992, allowing pollination in that year and field testing of the polycross families in two or
three small progeny tests from 1994 to 2000. Culling can then take place when the
Orchard is 10 to 12 years old. This is considered to be the most important of the already
established Orchards to cull; if labour is limited, the procedures outlined above should be
given priority over similar operations in Tallaganda Seed Orchard.

The composition of clonal seed orchards still to be established after the early 1990’s, and
< proposals for culling them (where relevant), are discussed below:

L
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New second-generation ‘granite’ seed orchards. If possible, new seed orchards
will be established as c.p. orchards, using second-generation clones of proven high GCA.
Outplantings of Sublines 1 to 4 of the Granite/Sedimentary Breeding Population may yield -
the GCA estimates for about 60 second-generation clones (if polycross mating is used), by
about 2000, allowing the few very best clones for granite sites (e.g. 10 to 15, or three to
four per subline) to be included in the new orchards. This would mean delaying
establishment several years compared with o.p. orchard option. However, this may be an
advantage in that technology for c.p. seed orchard management should be well developed
and current problems solved by then.

New third-generation orchards for granite and sedimentary sites. Third-genera-
tion selections will be available from the Granite/Sedimentary Breeding Population by
about 2004, that is, soon after the high-GCA second-generation clones are identified. The
very best forwards (third-generation) selections could be used for c.p. orchards to produce
seed for either or both site types, before testing them for GCA. Calculations in New
Zealand suggest that pair-mating and forwards selections will give more gain on average
in c.p. orchards than backwards selection on GCA (Dr. G. R. Johnson, New Zealand FRI,
pers. comm.). This means that superior (GCA-tested) second-generation clones (‘back
wards selections’) and third-generation clones (‘forwards selections’) could be used for
seed production simultaneously or within a few years. Two or three clones per subline
would be used, with no need for culling. All crossing in c.p. seed orchards will be be
tween clones from different sublines, to avoid inbreeding in the Production Population.
Superior specific crosses from among the supplementary diallel crosses in some sublines
could also be reproduced in these orchards.

New third-generation orchards for Dothistroma-susceptible sites. Control-
pollinated seed orchards over two sites are proposed after the two existing seed orchards
(Tallaganda and Walcha) are discontinued (about 2005-2010). About 10 to 15clones of
proven high GCA for growth, form and Dothistroma-resistance will be crossed in these
orchards. These could include the best of the clones retained in Walcha Orchard after
culling, other second-generation parent clones of high GCA identified from progeny tests
in the Breeding Population, and possibly some superior Dothistroma-resistant clones from
the New Zealand breeding programme, obtained by co-operative exchange with the New
Zealand FRIL

Seed from these orchards may be supplemented by cuttings produced from other special
crosses between resistant clones, as proposed in the Clonal Production Population (see
Section on Cuttings-based Production Population).

(iii) Design of future clonal seed orchards. New o.p. seed orchards (if any)
established after 1990 would contain many clones initially, with culling intensities of
about 1:4 applied among the clones. Therefore, a relatively large number of ramets would
be established per hectare (about 290, at a 7.5 x 4.5 metre spacing). This fairly close
spacing would aid in the early development of effective pollen clouds in the orchards.

Control-pollinated orchards are the preferred option. These would be established using a
larger numbers of ramets per hectare. In the Western Australian HAPSO’s, spacings of
6.0 m. between clonal rows and 2-3m. within rows are used (560 to 830 ramets ha-1). A
‘box row’ layout has also been proposed (Butcher, 1988), with double hedges per clone,
and 6.0 metres between these, giving 1250 ramets per ha. Close spacing within the rows
of clones used as female parents is employed to restrict the surface area available for the
development of unwanted pollen.
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Proposed seed orchards (either o.p. or c.p.) will be established using grafted ramets, since

facilities for grafting are already well established and problems of graft incompatibility
- should be reduced by intensive management of all seed orchards (fertiliser and irrigation,
particularly), and a quick clonal tumover, in c.p. orchards. Rooted cuttings are another
option, but using cuttings from advanced-generation ortets older than about four or five
years from seed is not practicable, due to the difficulty of getting physiologically-mature
cuttings material to form roots. Scions for grafting will be taken from parent ortets as
soon as possible after selection, or from ramets in clonal archives (clone banks or breed

ing arboreta), depending on whether the seed orchard clones are forwards or backwards
selections.

(iv) Siting of clonal seed orchards in N.S.W. The basic function of a seed
orchard is to take selected genotypes produced in the breeding population, greatly increase
their numbers, and package them in seeds to be used in plantations (Libby, 1973). The
most carefully-managed breeding populations, promising great gains, will be wasted if the
highly-improved genotypes produced from them are prevented from carrying out this
‘packaging’ procedure efficiently, through poor siting and/or management of clonal seed
orchards. The importance of optimum siting and management of seed orchards cannot be
overstated.

Basic requirements- of site for any clonal seed orchard are that it should guarantee survival
of a high percentage of the ramets, stimulate sexual precocity and support continued,
abundant seed production. The environmental factors associated with regular and abundant
cone production in radiata pine are not yet well understood. However, experience gained
by seed orchard managers in Australia over 25 years suggests that orchards in coastal sites
are generally more productive than those situated inland. Mean seed production from three
low-altitude coastal o.p. orchards in Victoria and South Australia (Golden Gully, Mount
Schank and Saxton’s), at ages 7 to 13 years from establishment, ranged from 17.4 to 27.7
kg/ha/year (Pederick and Brown, 1976), similar to yields from the original Tallaganda
Orchard, but much higher than those from Vulcan or Green Hills Orchards (high-altitude,
inland sites).

In summary, sites for any type of seed orchard should be selected which have the
following characteristics:

Mild climate, without extremes of heat or cold (especially frost).
Freedom from frequent drought stress (this may be ameliorated by irrigation).

Fertile soil, free from serious nutrient imbalances, which may prejudice the vigour
of ramets or cone production.

Isolation from sources of ‘foreign’ pollen - if large amounts of pollen come from
outside the orchard, genetic gains may be reduced by as much as 50%.

Flat or gentle topography, allowing easy access by machinery to all areas of the
orchard.

Fairly easy access by personnel involved in management and cone collecting
operations. This is perhaps less important than the other five criteria above, for o.p.
orchards, but is important for the more intensively-managed c.p. orchards.
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(v) Management of clonal seed orchards. Management involves all operations
necessary to keep an established orchard growing vigourously and producing the maximum
possible amount of seed of a high genetic quality, as well as efficient collection of seed 's
crops. Management plans will be produced for all new N.S.W. seed orchards, from
Tallaganda onwards, to guide local orchard managers.

Optimising yields and genetic quality of seed. As outlined previously, there is a
basic choice in seed orchard management systems involving control of female flowering
and pollen, between open (0.p.) and controlled-pollination (c.p.), to improve the yield and
genetic quality of seed.

The traditional open-pollination system used by clonal seed orchard managers is relatively
cheap, in that management only needs to concentrate mainly on maintaining ramets in a
state of vigour. The clonal composition of such orchards can be manipulated to a limited
degree by culling inferior clones, as proposed for existing o.p. orchards in N.S.W., thus
raising (generally slightly) the genetic quality of the bulk seed.

There is scope for increasing cone yields by crown manipulation in o.p. orchards through
pollarding (topping). Matheson and Willcocks (1976) recorded a large increase in seed
yield from blocks of Tallaganda Seed Orchard pollarded at eight metres at age 12 years.
The response to pollarding may vary from site to site and clone to clone, so it would be
wise to carry out an experimental-scale pollarding in orchards at about age nine to 10
years, to determine whether whole orchards should be treated. The speed of recovery of
Vulcan Seed Orchard from its fairly severe pollarding in 1986-87, and its subsequent seed
production, will also be a useful guide to the effects of pollarding at an advanced ramet
age.

Another treatment that may be able to be applied in o.p. (and c.p.) orchards to increase
female flowering, hence seed yields, is the application of gibberellic acids. There are
numerous studies indicating the effectiveness of GA and GA _ in boosting yields in
spruces and Pinus sylvestris in Europe (e.g. Luukkarien, 1981/Chalupka, 1978; 1984).
Much experimental work needs to be carried out with these hormonal treatments, however,
before they could be recommended on a routine scale in radiata pine orchards. This
subject is mentioned here mainly to highlight a potentially promising cultural technique
worthy of practical investigation. Such treatments may be more relevant in c.p. orchards,
where ramets are more accessible and grouped by clone.

Management of c.p. orchards allows close control over the genotype of seed produced, the
ramets being hedged for easy access for pollination, and to stimulate female flowering.
Some particular c.p. orchard designs in use at present are described briefly below.

The Southern Tree Breeding Association (STBA) in South Australia is control-pollinating
ramets in the replanted Mount Schank Orchard (established as an 0.p. orchard), using a
pollen mix (Dr. D. Boomsma, South Australian Woods and Forests Dept., pers. comm.).
Ramets are pollarded heavily from about age two years and flowers sprayed with a mix of
pollens from available superior first-generation clones (supplementary mass pollination, or
SMP). There is no isolation of flowers from background pollen. The aim is to keep
ramets hedged at three metres for several years,but possibly allow them to grow and
develop into tree form (and revert to open-pollination) later. Costs and yields relative to
those associated with o.p. orchards have not yet been reported. The main benefit is seen
to be early yields of seed of relatively high genetic quality, in three or four years
compared with eight to 10 years under 0.p. management.
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In New Zealand, c.p. orchards are established using hedged rows of clones at a spacing of
5.0 x 4.0 metres (500/ha), with a pollen mix of selected males applied artificially. Female
flowers are isolated by bagging to avoid pollen contamination. This isolation is expensive,

seed from the orchards costing about six times as much as that from o.p. orchards.
However, relatively small amounts of seed can be multiplied as juvenile cuttings, with
expected multiplication rates of 8 to 20 (Shelbourne et al., 1986).

Hedged artificially-pollinated seed orchards (HAPSO’s) have recently been established in
Western Australia by the Dept. of Conservation and Land Management (Butcher, 1986;
1988). These consist of separate female and male orchards, established as low clonal
hedges about two metres high. Production of specific superior crosses is possible.

Control of the pollen produced on the female hedges is the major limitation to this type of
orchard - selfing is likely if pollen develops on the female hedges. Emasculation of these
hedges by application of maleic hydrazide is being tested in Western Australia (Tan and
Butcher, 1988), and shows promise. It is expected that this type of treatment can be
developed for routine use in c.p. orchards, thus reducing the need for expensive bagging
of female flowers or the removal of pollen catkins by hand.

A novel concept of c.p. orchard management is being tested by Proseed New Zealand,
based on the meadow orchard concept mooted by Sweet and Krugman (1977). Grafted
ramets of superior; fecund clones were established in 1987 at a very close spacing (2 x 1
metres) on a site promoting very early abundant flowering. A selected pollen mix is to be
applied to the dense stand of ramets for each of three years, after which the ramets will
be replaced. Very large quantities of seed are expected to be produced over a few hec-
tares of orchard (Wooff, 1988). This type of orchard management would accelerate by at
least five years the rate at which superior full-sib families can be introduced into routine
plantations. It also circumvents problems of pollen contamination, as ramets are used for
pollination before they are old enought to produce much pollen.

Opportunities to manage the newly-established seed orchards in N.S.W. (Windamere,
Tallaganda and Walcha) as mass-pollinated orchards, as the STBA is doing in South
Australia, are limited, mainly because the infrastructure necessary to produce the large
amounts of high-quality pollen necessary and to deliver it to thousands of ramets, has not
been developed yet by the F.C.N.S.W. Further, there are as yet no data available on the
relative gains and costs of such operations. Theoretical calculations for Windamere and
Walcha Orchards indicate that potential genetic gains from applying SMP may be 1.2 to
1.3 times those from o0.p. management.

Windamere, Tallaganda and Walcha Orchards will be developed at the outset mostly as
conventional o.p. seed orchards, with careful management to maximise seed yields and
reduce fluctuations in yield between years. However, it is proposed to develop small
areas of Windamere and Walcha Orchards (perhaps a few hundred ramets at each site), as
hedged sections where the methodology of SMP, using a mix of five or six pollens, can
be developed, costed and evaluated. This will not be a purely experimental operation.
The aim will be to produce commercially usable quantities of seed, which will be field-
tested for quality against the routine o.p. seed from the orchard to see by how much
realised genetic gain is increased. Estimates of costs and benefits will be sought as soon
as possible from organisations using SMP in convenﬁonally-designed orchards, with E
view to possible wider use of this system in N.S.W.
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The F.C.N.S.W. will aim to establish all seed orchards after Windamere and Walcha

Orchards as c.p. orchards. Opportunities to establish these with second-generation clines

of proven high GCA will not be available until about 2000, although superior second- »
generation clones as yet not tested for GCA could be employed much earlier, with a

likelihood that these forwards selections are in fact superior (as discussed earlier). (This

point will need confirmation by theoretical calculation before the use of untested advanced ¢
(second- or third-) generation forwards selections can be firmly recommended.)

Certainly, by about 2010, when the present orchards are to be phased out, there will be
large numbers of reliably superior advanced-generation clones available. Any seed
orchard system used will not rely on isolation of female flowers, as this would be far too
expensive and difficult to organise on the required scale. The Westem Australian HAPSO
orchard at present appears the most promising design. Technology to control pollen in
these orchards, and the methodology of management, will probably be well developed
within 10 years’ time, so that HAPSO’s can be used as routine seed production facilities.

If the New Zealand Meadow Seed Orchard (Wooff, 1988) proves successful over the next
few years, sites promoting abundant female flowering will be sought in coastal areas of
N.S.W. (the South Coast is likely to be most suitable), with a view to testing this type of
orchard.

A careful evaluation of the benefits versus the costs of producing c.p. seed in these types
of facilities will need to be carried out early in the period of this Strategy, to determine
the most appropriate ones for use by the F.C.N.S.W. The development of an efficient
facility to mass-propagate juvenile cuttings from seedlings is a vital prerequisite for
establishing c.p. orchards of any type. Resources should be devoted to bringing the best
available genetic stock into production, rather than ensuring self-sufficiency in seed, if
abundant seed production is difficult to achieve for some crosses.

Protection. Protection of orchards from fire and damage by grazing animals is of ¢
course most important. Fire protection is made easier if the site is near-flat, allowing
slashing of grass between the ramets, to maintain a short green sward which will not carry
a hot fire. An open grassy buffer zone should be maintained around the perimeter, by
grazing if necessary. Grazing within established o.p. orchards will be avoided if at all
possible, at least until all ramets are very well-established (about five years old). It is
entirely incompatible with c.p. orchard management, where ramets are maintained at
heights of below 2.5 metres, and at close spacings.

Weed control. Control of competing grass and weeds will be rigourously main-
tained, since they can seriously impede the early growth of ramets. The general aim will
be to keep a weed- or grass-free zone at least 1.5 metres in diameter around all ramets.
Optimum herbicide specifications will probably vary from site to site, and will tend to
evolve with experience by local managers.

Fertilisation. The vigour of ramets and seed yields will probably both benefit from
fertiliser application on most or all seed orchard sites. Once again, in all types of or-
chards, specifications will need to be developed site-by-site, aided by regular crop logging
through foliar sampling, and by monitoring flower and cssge yields of the various clones.
It should be possible to fine-tune fertiliser prescriptions, in\conjunction with irrigation if ‘
used (see below), even to the individual clone level in c.p. orchards, to maintain high k
flower and seed yields on most clones from year to year.

.

Irrigation. Irrigation is already installed in Windamere Seed Orchard, and is
proposed for Walcha Orchard. Although irrigation is likely to lead to increased yields on
any site, as well as reducing the year-to-year variation in the seed crop (Griffin et al.,
1984), installing the systems is expensive. It may be wise to select sites for new orchards
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where high yields are expected under natural rainfall, and where irrigation is not needed to
keep ramets growing vigorously, or to site orchards adjacent to facilities which already
have irrigation, such as nurseries.

In orchards where irrigation is used, it is proposed to monitor soil moisture profiles,
preferably with neutron moisture probes, so that the soil can be maintained within
prescribed limits of available moisture to optimise ramet growth and flower and seed
production, and to ensure that the irrigation system is used to maximum efficiency.
Prescriptions will vary according to soil type and topography, and will be worked out in
conjunction with the Soils and Nutrition Section of the F.C.N.S.W. (WTFRD), and other
organisations.

Application of the correct fertiliser and irrigation regimes is probably vital for the o.p.
seed orchards, if they are to be efficient, cost-effective seed-producing units.

Monitoring of clonal yields and health. The relative vigour and seed and pollen
production potential of clones in o.p. seed orchards will be monitored regularly from an
early age (three to four years), to quantify variations among clones both within and
between years. Such data will be used in decisions on culling o.p. orchards when they are
10 to 12 years old. They will also form the basis of decisions on varying fertiliser and
irrigation regimes for all types of orchard.

Seed collection. Ramets in a conventional open-pollinated orchard rapidly grow out
of reach of collection from the ground, so mechanical hoists or travel towers become
necessary for cone collection. In New Zealand o.p. orchards, collection is done on
contract by climbing (P. Bolton, Proseed New Zealand, pers. comm.), with climbers being
paid per bag of cones delivered on truck. The cost of cone collection by climbing versus
collection from a travel tower will be investigated for N.S.W. orchards, at least until they
are pollarded (at age 10-12 years, if at all). One constraint on climbing is that the multi-
ple stems of pollarded ramets may be brittle and dangerous for climbers; however, one or
two early pollardings are not expecied to result in muitiple stems in older ramets (Brown,
1971).

Cone collection in control-pollinated and mass-pollinated orchards is a very cheap phase of
the operation, as cones on hedged ramets can be reached easily from the ground or the
back of a truck. This factor should be taken into account in any analysis of the relative
costs of open- versus mass-pollinated seed orchard management.

(vi) Seedling seed orchards. Seedling seed orchards can provide a low-cost
backup to seed production from clonal seed orchards. Although the greatest effort in seed
orchard management will be devoted to the clonal orchards, the establishment of small
areas of seedling seed orchards is advocated as a lower priority early in the period of the
Strategy, to produce improved seed as a backup to Windamere and Vulcan Orchards.

The cheapest form of this type of orchard is a breeding population (or progeny test)
thinned to the best trees of the best families. However, opportunities to do this in N.S.W.
are very limited, and the prescriptions necessary to develop existing tests into seedling
seed orchards (including very heavy thinning at four to five years) would tend to compro-
mise the usefulness of these tests for evaluating between and within families. These tests
are furthermore not located on sites likely to induce heavy cone production.

A more rapid method of developing seedling orchards is the extensive seedling seed
orchard (ESSO), which will produce both improved seed and timber. It is proposed to
establish ESSO’s (if used) following the pattern used in Queensland for Caribbean pine
(Nikles 1984), across two sites of expected high seed production potential, totalling about
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20 ha. Bulked seed from 30 to 40 superior control- and open- pollinated families will be
used. This seed will be collected mainly from second-generation plus trees in progeny
tests, and also from proven first-generation clones in_seed orchards. About 1000 trees ha
will be planted, and culled phenotypically to 175 ha = at age five years. This inclusion of
a relatively large number of families and a heavy initial stocking will allow a selection
intensity at culling of one tree in six, and should give a high likelihood of removing
families which perform poorly. The genetic quality of the seed produced will be only
slightly lower than that from clonal seed orchards (Shelbourne, 1969).

The establishment of these seed orchards will be fairly simple, the most difficult task
being the selection of sites suitable for seed production, which are isolated from
unimproved seed sources, and easily accessible. In practice, few resources are expected to
be available for-this work due to the far greater importance of producing the second-
generation Breeding Populations, GCA-testing clones in them, and managing existing
clonal seed orchards properly.

(¢)  Cuttings-Based Production Populations

The use of rooted cuttings to transfer outstanding genotypes from the Breeding
Populations to routine plantations is an appealing alternative, or adjunct, to seed orchards.
There are also opportunities to produce large amounts of plantable stock from special
crosses made outside the formal Breeding Populations.

(i) Advantages of mass vegetative propagation. Techniques for the vegetative
propagation of radiata pine have been available for many years. However, the vegetative
mass propagation of selected families or clones of the species on a commercial scale is a
relatively recent occurrence. For example, Tasman Forestry Ltd. in New Zealand planted
out 13 000 rooted cuttings in 1970; by 1984 they were setting 750 000 cuttings in their
production nursery (Amold and Gleed, 1985).

Advantages of vegetative propagation of improved material have been discussed by several
authors over the past few years. The main advantages are (Burdon, 1986; Clarke and
Slee, 1985; Lindgren, 1983):

a) A reduction in the lead time in getting genetically advanced material from the
breeding population into production for routine plantations. This is the first
and foremost of the advantages of mass vegetative propagation of control-
pollinated families versus seed orchards. (Included here would be the
augmentation of planting stock from seed produced in control-pollinated seed
orchards.)

b)  There may be a possibility of utilising specific crosses or clones within these
crosses, which perform well on particular sites.

¢)  Better form characteristics of cuttings versus seedlings. Plantations of
cuttings generally have straighter stems and finer branches than seedling
plantations.

In New Zealand, final crop returns are expected to favour cuttings over seedlings, despite
a greater unit cost to raise cuttings. For instance, Menzies and West (1982) quote present
net worth figures of $949/ha for plantations established using cuttings, compared with
$803/ha for plantations established with seedlings, at clearfelling age.
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(ii) Development of cuttings-based production populations in N.S.W. The
incorporation of mass vegetative propagation into the Breeding Strategy for radiata pine in
N.S.W. is regarded as very important. This is because of the relative speed with which
highly-improved material may be brought into plantations, and particularly because mass
propagation of particular families or clones may provide the only practical method of
multiplying specific genotypes for routine planting on specific types of sites, where this is
necessary, as on ex-pasture or other sulphur-deficient sites, where fertiliser technology
cannot cope.

The ideal clonal strategy, of mass-propagating excellent individual trees of known pedigree
discovered in tests, is not yet possible, due to the fact that trees of a physiological age
greater than about four or five years do not yield a usefully high percentage of rootable
cuttings, and ringbarking pretreatment is necessary for cuttings propagation of aged mate
rial. Identification of promising full-sib families or clones for later mass-propagation is
generally based on tests containing several families or identified clones within-families. In
the latter case, clonal variation within families may be exploited, with only the best
individual clones being reproduced en masse (true clonal forestry).

(iii) Development of planting stock for problem sites. The primary aim in the
use of vegetative propagation in N.S.W., in the earlier stages of the Strategy, will be to
develop cuttings planting stock able to survive and grow successfully on three major
‘problem’ site types. These are:

Improved ex-pasture sites, for which bulk seed orchard stock is not expected
to be suitable.

Dothistroma-susceptible sites over several geological types in the north of
N.S.W.; probably these will be served adequately by seedlings from Walcha
and Tallaganda Seed Orchards, possibly augmented by mass propagation of
cuttings. However, outstanding genotypes resistant to Dothistroma and of
superior growth and form, should be developed.

Very low fertility sites (particularly those low in phosphorus); likely to be
served in part by the Sedimentary seed orchard Production Population; how
ever, the development of special well-adapted genotypes is desirable;

Proposals for each of these site types are detailed below:

(i) Improved ex-pasture sites. Ex-pasture sites, especially those previously im-
proved with clover and heavily topdressed with superphosphate, cause severe problems for
the establishment and growth of radiata pine. They often have a very high nitrogen
content, associated with low levels of sulphur and boron, as well as an imbalance of
phosphorus, calcium and magnesium. Symptoms in pines include high mortality on the
worst sites, large branches and/or a wobbly stem (Homne, 1986). Established stands often
have very high growth rates, but extremely poor stem and branch form. By the year
2000, up to 15 000 ha of improved pastures are likely to be planted, in addition to at least
10 000 ha of unimproved pastures, covering geological types ranging from basalts on the
Northern Tablelands to granodiorites and high-fertility sediments in Albury and Bathurst
Regions.

A special small genetic improvement programme will be instituted, to develop a suite of
control-pollinated families, and possibly clones, for improved ex-pasture sites, whose
cuttings will survive, grow well and maintain a level of stem straightness and branch
quality above a minimum acceptance level (to be prescribed). Operations under this
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programme (and other similar programmes) will be separate from those in the on-going
improvement of the Breeding Populations, although the programme will largely draw on
these Populations for genotypes. :

Approaches to be used in this programme are generally similar to those proposed in an
operational programme for pastures in north-east Victoria (Pederick, 1988), and involve
screening a range of full-sib families and clones of N.S.W. origin, and some selections -
from other breeding organisations. Proposed operations are detailed below.

Field-select cuttings: Cuttings should be taken from well-formed individual trees in
two to three year-old plantations of seed orchard origin, on sites showing a high level of
deformity, for routine planting on this type of site. This is essentially a stop-gap measure,
which can be expected to lead to some improvement before highly-selected pedigreed
genotypes can be produced. Cuttings of a physiological age of three years are considered
most likely to show both good form and growth rate on pasture sites (Menzies et al.,
1985).

Selection of clones from established progeny tests: There is only one progeny test
on highly-improved pasture in N.S.W. in which selection of genotypes can commence in
the near future. progeny Test Q14132, in Hilltop Section of Bondo State Forest (Albury
Region), contains progenies of 16 first-generation clones from Green Hills Seed Orchard
(also in Vulcan Seed Orchard). This test will be assessed for stem and branch form at
age nine years, to determine clones with a relatively high proportion of well-formed
progeny. Seed from suitable clones can be procured from Vulcan Orchard to produce
seedlings for pasture sites. Larger numbers of three year-old cuttings may also be
produced from these seedlings, which will have improved form over the seedlings. A
similar approach is being followed with two clones in Victoria (Pederick, 1988).

Production of full-sib families for mass vegetative propagation: Cuttings of
highly-selected full-sib families will be likely to give the greatest gains in form. Promis-
ing clones from the Hilltop progeny test will be crossed with one another. The original
first-generation clones will be used, as these are presently available in clone banks, and
controlled pollination can begin in the near future. Carson (1986b) and Cotterill et al.
(1987) consider that mating parents of high GCA (superior performance) gives a high
probability of generating outstanding crosses for selected traits.

Crossing of a small number of selected clones (say six) in a half-diallel or factorial mat-
ing design will give nine to 15 full-sib families, of which cuttings will be produced from
seedlings in stool beds.

Cuttings will also be produced from about 30 crosses made in N.S.W. in 1980-83, as part
of the Co-operative Diallel mating project of Research Working Group 1. Seed of many
of these crosses is still in store. Although the parent clones were not specifically selected
for performance on pasture sites, they are generally of a high GCA for stem and branch
form.

Infusion of genes from the Guadalupe Island population: The Guadalupe
population of radiata pine appears from Victorian trials to have an ability to retain
superior stem form on improved pastures (Pederick, 1988), and hybrids with outstanding
Australian clones should also be well-formed. A few (two or three) Guadalupe ortets of
outstanding growth and form will be selected in the 1973 plantings adjacent to Wee Jasper
Gene Pool Trial. These will be crossed with selected first-generation N.S.W. clones to
give 12 to 18 full-sib hybrid families. To enable the crosses to be carried out soon,
pollen will be collected from the Guadalupe trees.
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Cuttings of the 50 to 60 full-sib families from the three sources detailed above will be
tested in small progeny tests over several pasture sites. Six or seven cuttings per clone
) will be used in these and other clonal tests. This number is recommended by Simpson

| and Ades (1988). These tests will be assessed at five to six years, with the aim of

| retaining the best 25% of families for growth, and particularly form, for mass vegetative
4 propagation on a production scale.

Later production of full-sib families: Large numbers of progenies of first-generat-
ion plus trees (about 300) are planted in two progeny tests on ex-agricultural land in Mt.
David S.F. in Bathurst Region. These tests will be searched for trees of outstanding form
in six to seven years of age, if the stands show severe levels of deformity. Second-genera-
tion selections will be used in some families, if ramets of the first-generation ortets are
not available in clone banks.

The relatively few selections made will be crossed together in a similar fashion to the
earlier selections and with Guadalupe clones. The number of full-sib families to be
produced from these selections will depend on the availability of resources, and the degree
of success evident from earlier work.

Testing of families and clones from other organisations: A.P.M. Forests and the
Victorian Dept. of Conservation, Forests and Lands (CFL) have begun testing programmes
on pasture sites. Screening of the most promising full-sib families and clones produced by
these organisations should be carried out on a co-operative basis, and they could ultimately
screen genotypes produced in N.S.W. Such co-operation is to the advantage of the
F.CN.S.W., enabling us to share the load of testing (thus covering more sites), and
screening more genotypes. However, establishment of tests of large numbers of genotypes
should not be carried out at the expense of the small crossing programmes proposed to
generate well-adapted families in N.S.W.

43 There would be an opportunity to select individual clones within the specific crosses
tested, giving larger gains. However, there are logistical difficulties with this approach.
The inherent superiority of candidate clones needs to be conserved without genetic change

- or further maturation during the test phase; one also has to be able to multiply selected
clones to useful numbers at a reasonable cost (Carson, 1986a). It is not proposed at this
stage to venture into clonal forestry per se for these sites, although clones already
developed and donated by other organisations should be tested (see above).

The programme for producing genotypes adapted to pasture sites is considered to be the
most important of the ‘problem’ site projects, as large areas of this type of country are
being purchased, and the establishment of plantations of acceptable quality has proved very
difficult on these site types. It should be commenced as soon as possible and carried out
with equal priority to the development of the second-generation Breeding Populations.

(ii) Dothistroma-susceptible sites. Large areas of present and proposed plantation
in the north-east of N.S.W., on a range of geological types, are susceptible to Dothistroma
needle blight. At least 10 000 ha are involved. Existing and proposed clonal seed or
chards are expected to produce generally resistant planting stock. The genetic variability
of Dothistroma resistance has been found to be largely additive, implying that genetically-
resistant strains can be produced by seed in clonal orchards (Wilcox, 1982).
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The development of resistant families and clones through a small special programme of
producing and testing superior specific crosses is considered desirable, so that areas of

elite stands can be established as well. This strategy should reduce the need for spraying '
to control the disease (costing about $12 per ha in New Zealand in 1984 - Shelbourne
et al., 1986), and even for fertilising to correct nutrient problems on basalt soil types. &

It is likely that some clones or crosses suitable for pasture sites will also be suitable for
Dothistroma-susceptible sites on basalt. Therefore, specific crosses proposed for testing
on the pasture sites (including the crosses made in the 1980-83 Diallel programme) will
also be screened on these sites. Additional crosses may be made between first-generation
clones whose open-pollinated progenies showed superior growth and form in Progeny Test
Q14601 (established 1966). These clones are already present in clone banks.

Clonal trials established in Nundle S.F. in 1982 and 1984 will give a guide in the near
future to clones of high resistance and also superior growth and form on basalt sites. The
1984 trial contains 30 clones of the outstandingly-formed family 20080 x 20055, which
should yield valuable information on the variation of clones within a family and likely
gains from clonal selection. Selection of a suite of about 10 to 15 clones (1:8 to 1:5.5
selection intensity) is proposed from these trials, to be mass-propagated for routine use.
The original donor plants of these clones are held by C.S.L.R.O. and Treegenes Pty Ltd, so
cuttings may have to be obtained on contract.

Resistant specific crosses and clones will be obtained from New Zealand, if possible, for
testing on our sites and possible inclusion in the suite of routinely-used genotypes. There
is also the opportunity to provide a testing service in N.S.W. for other organisations in
Australia wishing to have their selections screened for Dothistroma resistance. This would
yield information of use to our programme as well.

Operations under this small programme should generally receive a lower priority than
those for the pasture sites and the development of the mainstream Breeding Populations, at
least until the pasture site problem is solved. However, work in this Dothistroma pro
gramme is in fact in progress, and many of the operations will overlap with those pro
posed for pasture sites. To this extent, these operations should logically proceed together.

(ii) Low-phosphorus sites. These site types are described in the discussion of the
Granite/Sedimentary Breeding Population. They include very low fertility sites on schist,
phyllite, sandstone and acid volcanic geology, totalling up to 18 000 ha. Bulk seed from
seed orchards, such as parts of Windamere Seed Orchard, comprising clones selected for
growth (particularly) on sedimentary sites, should produce plantations of improved growth.
More striking gains can be expected from mass vegetative propagation of specific crosses
selected for superior growth on these sites, especially those which respond to phosphorus
fertilisers.

A small number. of progeny tests and clonal trials are already established on these site
types, and can be used as sources of select material. Selection of first-generation clones
of superior growth rate and form can be carried out on the basis of growth assessment in
two progeny tests established in 1981 (Q14135 in Murraguldrie S.F. and Q14410 in
Jenolan S.F.). A similar strategy to that described for the pasture sites could be
implemented, that is, crossing the best GCA parents over the two tests in a small half-
diallel, to generate specific crosses to test (including a fertiliser treatment), of which about
15 would be selected for routine use.

The large F.C.N.S.W./C.S.1.R.O. clonal selection trial at Essington State Forest, established
in 1984, contains 100 clones over 20 control-pollinated families. Assessment of growth
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and form in this trial in about 1990 will reveal families and clones within families which
grow well on this infertile sedimentary site, and respond to rock-phosphate application.
The most promising can be mass-produced for routine use. The mother plants are held by
C.S.LR.O. and the South Australian Woods and Forests Department, so cuttings of select
clones may have to be procured from these organisations.

The development of genotypes adapted to these low-fertility sites will receive lower prior
ity than the programmes for the other two ‘problem’ sites, since acceptable growth rates
can probably be achieved with fertilisers alone.

(iv) Development of cuttings-based production populations for general planting.
As time goes on, the F.C.N.S.W. will aim to utilise the large genetic gain advantages from
mass vegetative propagation of superior specific crosses in all plantations. Indeed the
greatest commercial gains from such a production strategy can be expected to accrue on
the high-quality sites without severe nutritional or disease problems. In practice, the great
majority of these crosses will be produced in c.p. seed orchards, as proposed earlier, with
rooted cuttings planting stock being produced. A c.p. seed orchard should be viewed as a
facility to produce a flexible range of crosses, probably yielding larger amounts of seed of
a favoured mix of crosses, but with the flexibility to add or subtract other clones more or
less at will.

Special crosses, of which only small amounts of seed are needed, may of course be made
outside these orchards (e.g. in clone banks), using the most advanced clones available at
the time. This work could be commenced at any time, even in the near future, using first-
generation clones of proven GCA, or second-generation clones (as yet of unproven GCA).
However, given the limitations of resources, such work will remain subordinate for a
considerable time to the ongoing improvement of the Breeding Populations and the devel
opment of special cuttings production populations for the first two ‘problem’ sites, as
detailed earlier.

The initial aim will be to establish small areas of very high quality cuttings which can be
marketed as veneer logs, using cuttings from seed produced early in the period of the
Strategy, in mass-pollinated orchards (if used), or from particular clones in o.p. orchards.
A study by Spencer (1988) showed. that logs of the same size grown from field-select
cuttings at age six years produced 8% more volume and 107% more veneer quality mate
rial compared with logs grown from seedlings. Results from cuttings of select families are
expected to be even more favourable.

The ultimate development of a large-scale Cuttings Production Population (partly as an
adjunct to the seed orchard Production Population and partly as a separate entity) should
not be carried out in lieu of, or as a higher priority than, improvement of the Breeding
Population. It is important to have an active, ongoing breeding programme to generate
favourable combinations of genes, or opportunities to cross very high GCA parents (and
the supply of superior clones) will dry up (Boomsma, 1987). This important message is
also emphasised by Lindgren (1983), and Carson (1986a), who states that clonal forestry
should be adopted as a complement to an existing breeding programme rather than as a
replacement for it.

Embracing clonal forestry per se, as advocated by Libby and Rauter (1984) and Clarke
and Slee (1985), as the main production population strategy, would have logistical difficul
ties. The perceived advantages of clonal forestry over vegetative multiplication of prog
enies from control-pollinated orchards may not be great. Carson (1986a) considers that the
latter option allows the utilisation of many of the advantages commonly attributed to
clonal forestry (e.g. Libby and Rauter, 1984), while having additional advantages of rela
tively cheap and efficient screening (of specific crosses), easier archive management, and
lower nursery costs. Carson (1986a) further considers that the advantages and
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practicability of allocating geneotypes to specific sites need to be investigated using stock
of polycross or full-sib family origin. If these can be proven, extension to complete
clonal forestry could logically follow. Clarke and Slee (1985) list a number of questions
which need to be answered before clonal forestry could be fully integrated with radiata
tree improvement programmes, such as the extent of clone x site interaction, and how
large a concern inbreeding is.

Facilities for raising cuttings. Use of the option of mass vegetative propagation of
specific crosses on pasture sites is likely to be initiated within the next few years in
N.S.W. Facilities for the production of high-quality cuttings of families, for both the
testing phase and, five to six years later, for commercial production on a large scale, will
need to be developed int the near future by the F.C.N.S.W. If the aim is to plant all
pasture sites alone with cuttings, very large numbers per year will need to be produced
(possibly up to one million).. To supply such numbers, a large and carefully-managed
special nursery will be required, such as that described by Arnold and Gleed (1985) in
New Zealand.

Until the F.C.N.S.W. produces its own specific crosses for mass propagation, limited
numbers of cuttings of proven clones and families can be purchased from other organisa
tions, to fill some of the requirement.

As time goes on, the number of cuttings required for plantations can be expected to rise,
especially as control-pollinated orchards are established as the major source of planting
stock. However, it seems unlikely that cuttings will entirely replace seedlings in N.S.W.
plantation programmes until well beyond the tumn of the century, if at all. Even if clonal
forestry were adopted as the major strategy to replace seed orchards in the production
population, this would probably not be until 2010 or later.

The economies of mass-production of cuttings of radiata pine in nurseries are still
unfavourable compared with those for seedlings. For example, New Zealand nursery gate
prices per 1000 plants show cuttings to be twice as expensive to produce as seedlings
from control-pollinated seed orchard seed and three times as expensive as seedlings from
open-pollinated seed orchard seed (Carson, 1986a). The economics of producing large
numbers of cuttings can be expected to improve as increasing experience is gained and
shared throughout Australia and New Zealand.
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DEMONSTRATION PLANTINGS

These are plantings designed to clearly demonstrate gains from past breeding to administrators
and others influencing the direction and funding of a tree improvement programme. Realised
gains, although they may be great, are often difficult to demonstrate in progeny tests because of
small plot sizes. Without such plantings, forest managers will not be able to distinguish changes
in yields and quality due to orchard seed from improvements due to concurrent developments in
silvicultural techniques (Eldridge and Matheson, 1983).

Demonstration plantings would take the form of small blocks (e.g. 49- or 64-tree plots replicated
four or five times) of a few superior genotypes, allowing an easy visual comparison with blocks
of unimproved stock, on sites representative of plantation areas. The plots should be replicated
at each site to allow assessment and analysis of their productivity. A Latin square design is
effective for this purpose.

Early demonstration plantings established by the C.S.I.R.O., to demonstrate gains from
Tallaganda Seed Orchard seed, are described by Eldridge (1982). Further plantings were estab-
lished by the F.C.N.S.W. on four contrasting sites in Albury and Bathurst Regions in 1982 and
1983. 64-tree plots of Vulcan, Green Hills and Saxton’s Seed Orchard (Victoria) seedlings are
compared with plots of seedlings raised from seed collected on the actual sites of the trials.
These plantings are due to be assessed at age six years in 1989, and later ages.

Co-operative demonstration plantings (Australasian Breeds Trials) of 19 different improved
seedlots were established in 1988 in Albury and Bathurst Regions, as part of a series of
plantings throughout Australia and New Zealand. There are seven Australian seed orchard
seedlots (including Vulcan Orchard), six New Zealand commercial improved seedlots from New
Zealand, as well as a local routine clearfelling seedlot.

The plantings consist of two designs: 6-tree row plots and 64-tree square plots. The larger trials
are designed to monitor performance over 15 to 20 years of silvicultural treatments. They are

planned to be assessed at ages three, six and 10 years, following first thinning (about 13 years),
and later.

Demonstration plantings will be established in future to display the expected superiority of open-
and control-pollinated seedlots from the new second-generation seed orchards, once these are
fully productive. Vulcan Seed Orchard and clear-fellings seedlots will be used as controls.
Smaller-scale tests will be planted at the same time, to quantify this gain. Block plantings of
seedlings and cuttings of proven superior families will also be established as demonstration
areas, as these become available.
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