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Abstract

Wennstrom, U. 2001. Direct seeding of Pinus sylvestris (L.) in the boreal forest using
orchard or stand seed. Doctoral dissertation.
ISSN 1401-6230, ISBN 91-576-6088-3

The overall aim was to analyse the possibilities for operational forestry of using Pinus
sylvestris (L.) orchard seeds (OS) for direct seeding in the boreal forest.

The use of OS instead of stand seeds (SS) increased seedling establishment by 41% two
years after mechanical direct seeding at four sites in northern Sweden. OS was advantageous
to use in combination with microsite preparation to achieve desired spacing and different
regeneration strategies, at low cost, and on an operational scale.

On average, OS had 16% and 12% higher seedling emergence than SS in a northern
(LLat 64°N) and southern (Lat 60°N) field experimental series where six orchard seed lots
and six stand seed lots of adequate geographical origins were analysed with up to six seeding
years. The survival rate from year 1 to year 4 was 77% and 72% in the northern series and
58% and 49% in the southern series for orchard and stand seedlings respectively. On average,
OS were 26% and 13% taller than SS after four years in the northern and southern series,
respectively.

Effects on early seedling growth of seeding OS and SS in different mixtures (100, 75, 50,
25, and 0% of OS) at 4-cm target spacing were quantified in a nursery (optimal) and a
field (harsh) experiment. SS in high competition vs. low competition (mixture 75% vs. 25%)
were 11% taller, had 15% greater slender value, and 25% less root biomass after two years
in the nursery. OS had 9% greater slender value in mixture 100% compared to mixture
25%. In the field experiment the influence of mixture was not significant after five years.
The tallest OS in each plot compared with the tallest SS were 22% taller and had 103%
larger stem volume. After thinning, leaving the tallest seedling in each plot, 79% of the
seedlings in 50% mixtures would be OS. Seedlings sown in 12-cm spacing were 79%
taller and had 527% larger stem volume than seedlings in 4-cm spacing. An increase of
seed weight from 3 to 7 mg increased height growth by 18-65% and 10-27% in the field
and nursery experiment, respectively. Seed weight explained approximately 31-56% and
75-86% of the increased growth of using OS compared to SS in the field and nursery
experiment. Two-year-old OS seedlings allocated 10% more to needles and had 113%
longer total needle length than SS in the field experiment. In the nursery experiment OS
did not allocate more to needles than SS did.

The high cost of OS makes a mixture of OS and SS as a suitable alternative in several
regeneration strategies. SS can be used complementary to OS, i.e., to increase stand
density, reduce the cost of seeds, as insurance if seedling establishment is low, and to
increase the total wood production and timber quality. The genetically improved orchard
seedlings will be dominant after future thinnings.

Key words: biomass allocation, competition, early growth, Scots pine, seed weight, seedling
emergence, seed type, seed quality, survival.
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The thesis is based on studies reported in the following articles, which are
referred to in the text by their corresponding Roman numerals.
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preparation and direct seeding of Pinus sylvestris in boreal forests - a way to
create desired spacing at low cost. (New Forests 18(2): 179-198).
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weight and seed type on early seedling growth of Pinus sylvestris (L.) under harsh
and optimal conditions.

IV.  Wennstrém, U., Bergsten, U. and Nilsson, J-E. (Manuscript). Seedling
establishment and growth after direct seeding with Pinus sylvestris (L.): effects of

seed type, seed origin, and seeding year.

V. Wennstrom, U. (Manuscript). Differences in biomass allocation for orchard
and stand seedlings of Pinus sylvestris (L.) in harsh and optimal conditions.

Paper I and II are reproduced with due permission from the publishers.



Background

Scots pine (Pinus sylvestris L.) is a native species in Sweden with a distribution
from 55°30° N in the south to 68°30° N in the north (Anon 1990). Scots pine
represents 39% of the total standing volume of trees in Sweden (Anon 2001).
Scots pine has traditionally been used as a raw material in the construction industry,
pulp industry, and furniture industry.

Yearly, about 200,000 ha is subjected to final felling in Sweden (Anon 2001) and
according to Swedish law, new forests must be established with measures carried
out at latest three years after final felling (Anon 1979). New forests can be established
with artificial or natural regeneration. In many cases artificial regeneration is
the most reliable method. Artificial regeneration can be accomplished by planting
or direct seeding. Artificial regeneration gives an opportunity to change species or
genetic composition of the forest and does not rely on abundant seed fall. Kohh
(1968) estimated that at 67° N 500 m.a.s.l. germination exceeding 90% can only
be expected three times in a century, and the probability that high germination
coincides with high cone abundance is low (cf. Hagner 1958).

A critical component of any regeneration strategy is the initial density in the new
stand (e.g. Ocker-Blom et al. 1988, Viisidnen et al. 1989, Houliere et al. 1995).
Ocker-Blom has proposed three operationally practicable densities for Scots pine:

(i) Wide spacing (e.g., 1,000 stems ha!) with minimal silvicultural costs for
regeneration, thinning, harvest etc. and high per stem wood production is desirable.
However, total wood production per ha is sub-optimal, and spacing that is too
wide may not be allowed according to forest legislation (Anon 1993).

(ii) Medium spacing (e.g., 2,500 stems ha') with low silvicultural and harvesting
costs and intermediate volume production and timber quality is desirable.

(iii) Close spacing (e.g., 5,000 stems ha!) with near maximum total wood production
and good timber quality is also desirable, however silvicultural costs will be high.

In addition, higher densities, up to 10,000 stems ha! or more, may be desired
(Persson et al. 1995) to maximise wood production and wood quality, although
silvicultural costs might be very high because one or more pre-commercial thinnings
are needed (Hynynen 1993).

Artificial regeneration requires regeneration with plants or direct seeding. Planting
is a reliable well-tried method. Survival of planted material is generally high.
However, damage from Hylobius abietis can in some areas be very high during
the first years. Chemical or mechanical protection or a 3 to 4 year clear-cut rest
before planting is an alternative. Planted seedlings nor mally have high initial
growth rate, especially when using genetically improved material, which add only
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small extra cost compared to stand seed. However, planting is expensive. Planting
with densities higher than in strategy (ii) are rare because of the high cost.

Direct seeding allow us to create very dense stands to a low cost with conditions
necessary for growing trees with desirable stem and wood properties (Persson 1976,
Uusavara 1989, Stahl et al. 1990). Successful mechanisation of the technique for
direct seeding has been made and development of new scarification technique,
especially developed for direct seeding, is under test (Bergsten 2000). An efficient
method for mechanised direct seeding that yields consistent regeneration results
would make it possible to easily vary the desired spacing. Another advantage is a
reduced risk of root and stem deformations caused by the container cultivation
and/or transplanting (Long 1978, Hultén 1982, Rosvall 1994). Directly seeded
seedlings might not be damaged in the same high extent as planted seedlings
by Hylobius abietis, simply because directly seeded seedlings are too small
to be interesting shortly after the clear-cut when the Hylobius population is high
(von Hofsten and Weslien 2001).

The negative aspect of direct seeding has been the inconsistent seedling emergence,
survival and growth (Valtanen and Engberg 1987). Increasing the number of sown
seeds has been tried to solve this problem but as many environmental factors
affect the result, the method cannot become reliable just by increasing seed dosage
(Kinnunen 1982, Winsa and Bergsten 1994). Furthermore, seed is expensive and
excessive seedling emergence could require costly pre-commercial thinnings.

When direct seeding, the quality of seed is important for seedling emergence, growth,
and survival. The germinable seeds from seed lots with low germination capacity
(the proportion of germinable seeds analysed on germination table) have less of a
chance to emerge in field conditions than germinable seed from a seed lot with
high germination capacity (Wibeck 1910). For many conifer species, seed weight
is positively correlated with early growth (St. Clair and Adams, Reich et al. 1994,
Maltoni and Tani 1997, Castro 1999). In near optimal conditions, in greenhouses
or nurseries, the influence of seed weight on height growth is generally high but
often not significant after one to three years (Mikola 1985, Castro 1999).

The effect of seed weight, however, is greater in low nitrogen regimes than in
high (Pinus elliottii: Surles et al. 1993) or in harsher field conditions than
in greenhouse/nursery conditions (Sesbania: Marshall 1986, Raphanus raphanistrum:
Stanton 1984). This makes seed quality an important factor in direct seeding.

In Sweden, the vegetation period and temperature sum is negatively correlated
with latitude and altitude at any given location (Morén and Perttu 1994). The survival
of the local provenance of Scots pine is also negatively correlated to latitude and
altitude as shown by Eriksson et al. (1980) and Persson (1994). For example,
the survival of the local provenance 30 years after planting at 64°00” 200 m.a.s.1.
is expected to be 74%. By increasing the altitude to 400 m.a.s.1., the expected



survival of the “new” local provenance is 55% (Andersson 1996). At a given
location, northern origins have higher survival than southern origins (Eiche 1966,
Remréd 1976, Eriksson et al. 1980, Persson 1994). However, southern origins have
higher growth rate than northern origins at the same location. The altitudinal origin is
of minor importance for survival and growth (Persson and Stdhl 1993, Persson 1994).
For wood volume production, the increase in survival rates from using northern
origins of Scots pine outweighs the loss in height growth. Therefore, in operational
forestry, Scots pine is usually southerly transferred 1-3 degrees of latitude in northern
Sweden.

Seeds used for direct seeding or nursery plants can either be collected in seed orchard
or stands. The first generation of seed orchards in Sweden, which today produce
the main part of the collected orchard seed crop, originate from selected plus
trees in natural regenerated stands. The seed from these orchards are genetically
improved with approximately a 6-8% increase in height growth after 30 years
when regenerated with seedlings (Danell 1993). To increase seed crop and quality,
the clones in orchards are transferred from north to south, from higher to lower
altitude, and to locations favourable for seed development on agricultural land
(Simak and Gustafsson 1954, Hagner 1958, Almqvist et al. 1998, Hannerz et al.
2000). Trees in seed orchards are widely spaced and application of fertilizer, soil
cultivation, grass mowing, heavily pruning, and the use of herbicides are routine
measures. Seed from orchards have approximately 50% heavier seed weight than
seed from stands (Johnsson et al. 1953, Simak and Gustafsson 1954, Hadders 1963)
and better developed embryo and gametophyte, higher germination capacity, and
germination rate than stand seed (Simak and Gustafsson 1954). The total area of
seed orchards in Sweden was intended to satisfy the needs for seedling production
in nurseries. However, in large parts of Sweden there is a surplus of Scots pine
orchard seed that may be used for direct seeding (Hannerz et al. 2000).



Objectives

This thesis aims to analyse the possibilities of using Pinus sylvestris (L.) orchard
seeds for direct seeding in operational forestry. The main hypothesis is that direct
seeding with orchard seed in relation to stand seed increases seedling emergence,
survival and growth. Other sub hypothesises were:

i) the advantage of using orchard seed in relation to stand seed would be greater
when direct seeding than when planting,

ii) the higher seed weight for orchard seed largely explains the advantage of using
orchard seed compared to stand seed, .

iii) higher growth of orchard seedlings would positively influence survival,

iv) the advantage of using orchard seed would be greater in years with poor
conditions for seedling emergence,

v) the advantage of using orchard seed would be larger when seeding in substrates
with poor conditions for seedling emergence.

The objectives in the different paper was to:

- Test whether mechanised microsite preparation after scarification, in combination
with mechanical direct seeding of Scots pine with orchard seed, can achieve desired
spacing and different regeneration strategies, at low cost, and on an operational scale.
The experiments were performed at four boreal forest sites in northern Sweden
with orchard and stand seeds sown with and without microsite preparation (I).

- Quantify early effects on seedling growth, at dense spacing after seeding with a
mixture of orchard and stand seed in the boreal forest region of northern Sweden.
Effects of mixtures (100, 75, 50, 25 and 0% of orchard seed) at 4-cm target spacing
were quantified in one nursery (optimal) and one field (harsh) experiment during a
2-year and 5-year period, respectively. In the field experiment the influence of target
spacing at 4-, 8-, and 12-cm target spacing were also studied using 50% mixtures (II).

- Evaluate the effects of seed weight and seed type on early growth and growth
allocation in field and in nursery. The study was made with individually weighed
orchard and stand seed sown in different mixtures. (III).

- Quantify the effects of seed type on seedling emergence and survival, and early
seedling growth at different sites and seeding years. Two experimental series at
latitude 61°N and 64°N, respectively, with six orchard seed lots and six stand seed
lots of adequate geographical origins in each series were analysed. The effects of
latitudinal origin and early growth differences between directly seeded and planted
seeds/seedlings of the same seed material were also considered. The experiments
were replicated at five sites with up to six seeding years at each site (IV).

- Describe early differences in above soil biomass allocation between two-year-
old orchard and stand seedlings in nursery and in field (V).
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Results and Discussion

Direct seeding with orchard and stand seeds of Scots pine

Direct seeding with orchard seed compared to high quality stand seed increased
seedling emergence 12-41%, in relation to the sown percentage of germinable
seeds (I, III). With respect to poor quality stand seed, seeding with orchard seed
may double or triple seedling emergence (Winsa and Bergsten 1994).

Occasionally, at some sites and during some seeding years, the use of orchard seed
compared to stand seed can be low or even negative (IV). High predation of the
larger seeds and seedlings of orchard seed are a prob-able reason. Birds may be the
most important predator of sown Scots pine seeds (Vaarataja 1950, Heikkild 1977,
Bergsten 1985). Birds rely on vision when foraging (Nystrand and Granstrém 1997a).
The larger orchard seed and seedlings are therefore easier to find and are cost
efficient to predate.

The advantage of using orchard seed after scarification seems to be greater on
unfavourable than on favourable substrates (Fig. 1). Seedling establishment on
undisturbed soil or inverted scalp was increased by more than 100% when orchard
seed was used in relation to high quality stand seed (I).

30 -
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[63]
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N
[en]

Plant establishment (%)
o

Unscarified Mor L.eached Hluvial Inverted
horizon horizon scalp

A

Figure 1. Seedling establishment in relation to sown germinable seeds for mechanically
seeded orchard and stand seedlings of Pinus sylvestris (L.) in different substrates two
years after seeding. Mean value of four sites located between 62°-65° N (I).
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Correlation between seed quality and seedling establishment seems to be greater
in years with good conditions for seedling establishment (IV). In years with poor
conditions for seedling establishment, the difference between seed types and
seed lots were not significant. Seed predation could be a major cause for poor
results, however, poor conditions seem to be the result of complex conditions and
differences in sites and years. Howewer, at sites where poor results are caused by
frost heaving, the advantage of using orchard seed compared to stand seed is higly
significant (I).

Seedlings from directly seeded orchard seed have 13-40% higher height growth
than seeds from stand seed after one to five years (Fig. 2;Winsa and Bergsten
1994; 1, I1, I11, IV, V, Wennstrdm In prep.). Plants raised from directly sown
orchard seeds were approximately 15% taller than stand seedlings 11 years after
seeding (Ackzell and Lindgren 1994). According to results from altogether 15 sites
and 51 seeding occasion, the gain from using orchard seed compared to stand seed
seems to be highly general (Ackzell and Lindgren 1994, Winsa and Bergsten
1994; 1, 11, 111, 1V, V, Wennstrom In prep.).

Figure 2. Two-year-old orchard (above) and stand (below) seedlings (Pinus sylvestris L.)
from an experiment located at 64° N (V).

The gain from using orchard seeds is significantly greater when the regeneration
is made with direct seeding than with plants. The gain in height growth was 15%
when regenerated with direct seeding and 9% when the regeneration was made
with plants five years after seeding and planting using the same seed material for
seeding and plants (IV). The results from the planting experiments correspond well
to expected genetic gain according to Andersson (1996).

As shown above, seedlings raised from orchard seed are taller than seedlings
raised from stand seed. Seed weight explains approximately 40% of the increased
growth, 40% is expected to be the genetic gain and the reminder 20% is due to
other factors (IIT). An increase of the seed weight from 3 to 7 mg increases the
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seedling height by 25-66% and the stem volume by 79-182% for directly seeded
seedlings from both orchard and stand seed five years after seeding. The influence
of seed weight seems to be linear and does not differ between orchard and high
quality stand seed, at least in the interval between 3 and 7 mg (III). A reasonable
explanation of the unexplained 20% could be a better maturation of orchard seeds.
Simak and Gustavsson (1954) found more cotyledons in orchard seed embryos
of the same seed weight than in seeds collected from the original plus tree in the stand.
More needles mean more photosynthetic surface area. Directly seeded orchard seed-
lings have twice the needle biomass than stand seedlings after two years (Fig. 3) (V).

Seeding with orchard seeds gives a more even result than seeding with stand seed.
The coefficient of variation (standard deviation in relation to the mean value) for
plant establishment and height growth is lower for spots sown with orchard seed
compared to stand seed (IV).

120 .

100 1 Needles

H Stem

Dry weight (mg)
BN ()] (0]
(o] o o

N
o

0 ——

Orchard Stand
Figure 3. Dry weight biomass of stems and needles of two-year-old orchard and stand
seedlings (Pinus sylvestris L.) from an experiment located at 64° N (V).

Interactions with environment

Directly sown seeds in undisturbed soil has very low chances to become a mature
tree mainly because of high predation (Forsslund 1944, Nystrand and Granstrom
1997b). Forsslund (1944) found more than 20 forest animals predating seeds of
Pinus sylvestris and Picea abies in undisturbed soil. Scarification increases
seedling establishment many times (I). Mainly as a result of decreased predation
(Forsslund 1944) and increased water availability during dry periods (Oleskog and
Sahlén 2000a, 2000b).

When removing the humus layer the risk of frost heaving increases (Scramm 19358,
Bergsten et al. 2001). Frost heaving is a major cause of mortality for post germinated
sown seedlings in Sweden (Winsa and Bergsten 1994, Winsa and Bergsten 1995, I).
Frost heaving injury is correlated negatively to the mechanical strength of a seedling
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(Scramm 1958). Rapid early growth minimise injuries of frost heaving. Orchard
seedlings have twice as much stem and needle dry weight biomass than stand
seedlings after two years (V). The survival of the faster growing sown orchard
seedlings was 8-48% higher than for stand seedlings 2-4 years after seeding (Winsa
and Bergsten 1994, I, IV) and the gain in higher survival was largest at sites with
high mortality, in these cases caused by frost heaving (Winsa and Bergsten 1994, I.

As result of higher survival of seedlings from orchard seed compared to seedlings
from stand seed, seedling establishment, in relation to the sown percentage of
germinable seeds, increases slightly (Fig. 4; IV, Wennstrom in prep.). The increase
in seedling emergence from using orchard seed compared to stand seed was 17%
the first autumn after seeding, five years after seeding the increase from using
orchard seed was 23%.

Drought is another cause for lJow emergence or early mortality in Scandinavia
(Hedemann-Gade 1927, Kinnunen 1982, 1992). Capillarity is high in mineral soils
(Grelewicz and Plichta 1983) and mineral soils are a good substrate for germination
(Tirén 1934, Kinnunen 1992, Winsa and Bergsten 1995). Seedling emergence and
survival can be increased if seeds sown on mineral soil are covered with e.g. anthill
material, sawdust or humus (Tirén 1953, Hagner and Lundmark 1982). A thin
humus layer left on the mineral soil decreases damage caused by frost heaving
(Goulet 1995; Winsa and Bergsten 1995). The capillary action in humus is very
low and seeds sown in humus are very sensitive to drought (Winsa 1995, Oleskog
et al. 1999). However, the mortality of seed that have emerged in humus is very
low. In addition, early height growth of seedlings in humus is approximately 30%
higher than for seedlings emerged in mineral soil (Winsa and Bergsten 1995;
Wennstrom In prep.).
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Figure 4. Seedling establishment in relation to sown germinable seeds for orchard and stand
seed in northern (Lat. 64°65° N) and southern (Lat. 61° N) field experiment series zero to
five years after seeding IV, Wennstrom in prep.). The zero value represents total seedling
emergence the first autumn. OrchN and StandN represent direct seeding with orchard and
stand seed in northern series, OrchS and StandS represent direct seeding with orchard
and stand seed in southern series.
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Seedling emergence can be considerably enhanced by making small indentations
(so called microsite preparation) in a mineral soil or in a thin humus layer
(Fig. 5; Bergman and Bergsten 1984, Bergsten 1988, Van Damme 1992, Winsa
and Bergsten 1994, 1995, Winsa 1995, I). The indentations are made with a tool
that creates small inverted pyramid-like indentations in the soil. Seedling emergence
for seeds, sown in the bottom of the indentations, increases by approximately
50% compared to seeds sown without being placed in indentations (Winsa and
Bergsten 1994, 1995, I). The increase in seedling emergence by using microsite
preparation is higher in humus rich material than in mineral soil (Winsa and
Bergsten 1995, I). The high emergence is due to an increased availability of water
(because of increased capillary action and decreased evaporation) and to a reduced
predation, because micro erosion from the walls of the indentation covers the seeds.
Micro erosion also increases the contact with surrounding soil and thus the surface
for water uptake (Oleskog et al. 1999). When using microsite preparation to seed
in thin humus, seedling establishment (including early mortality) can be equal or
higher than when seeding in mineral soil (Winsa and Bergsten 1995, I, Wennstrom
In prep.). Microsite preparation does not directly influence height growth (I) or
survival (Winsa and Bergsten 1994, I). However, microsite preparation allows
the seeding to be done in a humus or in a humix (mixture of humus and mineral soil)
layer without loss in seedling emergence and this increases survival and growth.
The dominant orchard and stand seedling in each seeding spot, when using
microsite preparation in thin humus or humix was approximately only 1.5 year
behind planted 1-year-old seedlings in height growth when using the same mate-
rial (Fig. 6; IV). However, more seedling-adjusted scarification, e.g., mounding,
would probably have gained height growth of the planted seedlings (Lihde 1978).

30
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Figure 5. Seedling establishment with and without microsite preparation (MP) in relation
to sown germinable seeds for mechanically seeded orchard and stand seedlings of Pinus
sylvestris (L.) in different substrates two years after seeding. Mean value of the four sites
located between 62°-65° N (1).
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Figure 6. Frequency distribution by seedling height of planted and directly seeded orchard
and stand seedlings five years after planting and seeding at four sites (IV).

The increase from using microsite preparation is greater for high quality seed
than for low quality seed (Winsa and Bergsten 1994). In Wennstrom et al. (I),
however, there were no differences identified in the effect of microsite preparation
between orchard seed and high quality stand seed.

Seeding density

Spot seeding, with high seed densities within spots, has been a commonly used
method in Fennoscandia (Kinnunen 1982). High seedling densities have been shown
to negatively influence early growth (Varmola et al. 1998, Jansson et al. 1998, I).
Other investigations have shown positive influence of seeding density on the tallest
seedling in the spot (Tirén 1952, Sirén 1956). However, high seedling densities
(because of improved microclimates for seedling emergence) was correlated
positively to growth in study II, this was rather an effect of improved microclimate
than a stimulation of neighbouring plants. In the same experiment, increased
seeding density was correlated negatively to early growth. By increasing the
spacing between seeds sown in spots from 4- to 12-cm, height growth was increased
by 70% and the stem volume by 530% five years after seeding (Fig. 7; II). The
influence of seeding density does not differ between orchard or stand seedlings (II).
The increase as the result of increased spacing between seeds can be explained by
differences in availability of external resources. Seedlings in 12-cm spacing have
9 times as large area as the seedlings in 4-cm spacing. Water and/or nutrients are
thought to be the limiting factor rather than light on boreal clear cuts (Nilsson et al.
1996, Orlander et al. 1996), even in high seeding density spots in early ages (II).
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Figure 7. Mean height of the mean (filled) and tallest (striped) orchard and stand seedling
(Pinus sylvestris L.) in each spot five years after seeding (I1).

Mixing orchard and stand seed

Because of the reasons as mentioned above, orchard seeds are preferable for direct
seeding. However, the amount of orchard seed is limited (Hannerz et al. 2000)
and the costs for orchard seed are high (Hannerz 1995). A compromise would be
to mix expensive orchard seed with stand seed. This mix would lower the costs
for regeneration and increase the growth potential for the whole rotation period;
this may be the most cost efficient way to use orchard seed. It would also distribute
the limited amount of genetically improved orchard seed on a larger area. In paper
(I)) orchard seed was mixed with high quality stand seed. Orchard seedlings were
25% taller than stand seedlings after five years. Although stand seedlings made up
less of the seed (25% stand seed and 75% orchard seed) in 4 cm spacing using 64
seeds per spot, the growth of stand seedlings was not negatively influenced after
five years. After release thinning, which leaves the tallest seedlings in each spot,
sown with equal amounts of stand and orchard seed, 80% of the remaining seedlings
after five years were genetically improved orchard seedlings. Future thinnings at
higher ages would if desired, probably increase the amount of orchard seedlings.
The stand seedlings that become main stems have most probably genetically
better growth than the average stand seedlings and the orchard seedlings that are
outstripped have genetically lower growth than the average orchard seedling.
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Practical implications with examples

Costs for a simulated regeneration, regenerated with plants, mechanised direct
seeding, and manual direct seeding using three strategies, are calculated in Table 1.
The costs for orchard seed are based on sub-standard seed (0S90%) and high quality
orchard seed (OS98%). Sub-standard seed is not always available in northern
Sweden. The cost for Or98% is very high partly because of high costs for establish-
ment and nursing seed orchards and partly because nurseries also demand those
qualities. OS90% seed is still preferable in relation to high quality stand seed
(S8S90%). For regenerations in mid Sweden the costs for seed is lower. The possibility
of finding OS90% is higher in south and mid Sweden, because of a surplus of
orchards (Hannerz et al. 2000). Seed costs and the cost for release thinning greatly
influences the costs for direct seeding. Labour cost and labour efficiency greatly
influences the costs for planted regenerations. When mechanical direct seeding is
compared with manual seeding, seedling emergence greatly influences the cost.

The cost for regeneration was lowest using direct seeding in relation to planting at
all strategies (Table 1). The relative cost for regeneration with direct seeding, in
relation to planting with strategy 2,000 stems per ha (a typical strategy in Sweden
today) was lower for all seed qualities with strategies below 4,000 stems per ha.

Direct seeding, aiming at densities below 2,000 stems per ha is though very risky
and it is doubtful that these strategies should be recommended. A failure with such
low goal is very costly and will result in severe losses in production.

Due to higher seedling establishment, manual seeding was cheaper than mechanical
seeding at all strategies above 1,000 stems per ha. Seed costs influences the total
cost at higher degree when mechanised seeding (with low seedling emergence)
compared to manual seeding. Seed quality influences the total cost at a higher degree
when manual seeding (with high seedling emergence) compared to mechanised
seeding.

Although higher seed costs, seeding with OS90% and Mix90/90% was the cheapest
alternative at a strategy of 5,000 stems per ha, mainly as a result of the low seed-
dosage (<6 seeds/m) that made release thinning not needed. Further development
on seeding and harvesting technique might also reduce the need for release-thinning
even at higher stem densities. The difference was small between seed lots, OS98%
not included, but SS90% was cheaper to use than SS80% at a strategy of 5,000
stems per ha.

Using OS98% for direct seeding when aiming at high densities would lead to high
costs in relation to the cost of planting (2,000 stems per ha). High quality orchard

seed is though economically interesting when sown in mixture.

Not only the regeneration cost but also future net income should be considered
when choosing regeneration strategy. Important factors are wood volume growth
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and desired tree and wood properties. These factors are related to the stand density,
i.e., yield per ha, and the growth of the individual tree. The use of orchard seed
may have impact both on yield and individual tree growth.

The growth potential of the main stems of a seeded mixture of orchard and stand
seed can be close to the growth when 100% orchard seeds are sown, since the share
of plants originating from orchard seed will increase when the stand is thinned. In
the future mature forest, trees from orchard seed will be dominating among the
main stems and the stand seedlings that become main stems will be the very best
stand seedlings.

Conclusions

Orchard seed can be used advantageously for direct seeding. In general, sown orchard
seed had higher seedling emergence (12-41%), survival (8-48%) and growth rates
(13-40%) than stand seed. The disadvantages of using orchard compared to stand
seed for direct seeding are potentially higher predation on orchard seed and seedlings
and a higher cost per seed as a result of a limited amount of available orchard
seeds. Using orchard seed for direct seeding decreases the variation between years
and sites. However, at year with very poor seedling emergence the difference
between seed lots of any type is small.

Microsite preparation allows seeding with low seed dosage in thin humus or humix
with high survival and growth. The gain of using microsite preparation could thus
be higher for orchard than for high quality stand seed if the seed cost should be
considered.

After consideration of seedling emergence, survival, and growth seed dosage can
probably be further reduced when orchard seed is used. Seedling establishment is
more evenly distributed, plant establishment is greater where scarification fails,
and seedlings are more even in height when orchard seeds are used in relation to
stand seed. This gives us more candidates for main stems when orchard seeds are
used in relation to stand seed.

Besides the “seed effect” of using orchard seed, using high quality seed with low
seed dosage will reduce competition between seedlings and thus increase growth
and reduce the costs for release thinning.

The high cost of orchard seed makes a mixture of orchard and stand seed as a suitable
alternative in several regeneration strategies. The higher growth of orchard seedlings
does not negatively influence early growth of stand seedlings when sown in mixture.
Stand seeds can be used to increase stand density and thus reduce the cost of seeds,
as insurance if seedling establishment is low, and to increase the total wood
production and timber quality. The genetically improved orchard plants will be
dominant after future thinnings.
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Used seed”
Strategy ~ Method Scari- Seed g/ ha No/ha No./m Plant- Release  Restock-  Sum of Rel.
fication® cost” ing®  thinning® ingP costs cost?)
1 000 Planting Manual 1000 0 6 1039 03 3023 0 283 4305 66
- DS SS80% Mechanised 1300 298 83 18402 4.1 0 0 706 2304 35
- DS SS90% - 1300 308 70 15540 35 0 0 706 2314 35
- DS 0S90% - 1300 382 72 12012 27 0 0 706 2.388 37
- DS 0S98% - 1300 1019 66 11031 25 0 0 706 3026 46
- DS SS80% Manual 1600 119 33 7364 1.6 0 0 706 2425 37
- DS SS90% “- 1 600 123 28 6216 14 0 0 706 2429 37
- DS 0590% - 1600 153 29 4 805 1.1 0 0 706 2459 38
- DS 0S98% - 1 600 408 26 4413 1.0 0 0 706 2714 42
-e- DS Mix90/90% -« - 1 600 130 28 5791 1.3 0 0 706 2437 37
- DS Mix90/98% - “- 1 600 199 28 5665 1.3 0 0 706 2506 38
2 000 Planting - 1 000 0 17 2770 0.6 5537 0 0 6537 100
“ DS SS80% Mechanised I 300 596 166 36805 8.2 0 538 706 3141 48
- DS S890% “- 1300 615 140 31080 6.9 0 300 706 2922 45
- DS 0S90% - 1300 763 144 24024 53 0 0 706 2769 42
S DS 0S98% - 1300 2039 132 22063 4.9 0 0 706 4045 62
- DS SS80% Manual 1 600 238 66 14722 33 0 0 706 2545 39
- DS S890% “ - 1 600 246 56 12432 28 0 0 706 2552 39
- DS 0S90% - 1600 305 58 9610 21 0 0 706 2611 40
- DS 0S98% - 1600 815 53 8825 20 0 0 706 3122 48
- DS Mix90/90% -« 1600 261 56 11582 26 0 0 706 2567 39
- DS Mix90/98% - *- 1 600 399 55 11330 25 0 0 706 2705 41
5 000 Planting -« 1000 0 42 6925 1.4 14 519 0 0 13519 207
“- DS §S80% Mechanised 1300 1491 414 92012 20 0 1274 283 4347 66
- DS SS90% - 1300 1538 350 77699 17 0 1166 283 4287 66
- DS 0S90% - 1 300 1908 360 60060 13 0 987 283 4478 68
- DS 0S98% - 1300 5365 348 58060 13 0 962 283 7909 121
- DS SS80% Manual 1 600 596 166 36805 8.2 0 538 283 3017 46
- DS SS90% - 1 600 615 140 31080 6.9 0 300 283 2798 43
- DS 0S90% - 1 600 763 144 24024 53 0 0 283 2 646 40
-« DS 0S98% - 1 600 2039 132 22063 49 0 0 283 3921 60
- DS Mix90/90% - - 1 600 652 141 28954 64 0 168 283 2703 41
- DS Mix90/98% - - 1 600 996 138 28324 6.3 0 120 283 2999 46




1

Table 1. Cost for regeneration with 1000, 2000, and 5000 seedlings year 4 when regenerated with planted seedlings,
mechanised direct seeding (DS) and manual DS at 64°30° N, 250 m.a.s.l. (in SEK). DS was performed using four seed lots:
Low quality stand seed with 80% germination capacity (SS80%), high quality stand seed with 90% germination capacity
(8S90%), sub-standard orchard seed with 90% germination capacity (0OS90%), and high quality orchard seed with 98%
germination capacity (0S90%). Two mixtures are also included, SS90% mixed with OS90% and SS90% mixed with 0S98%,
aiming at 25% orchard seedlings after 4 years. DS costs have been calculated using 10% and 25% seedling emergence
after seeding with SS590% with mechanical and manual seeding, respectively. Costs and data for seeds, seedlings, seedling
emergence, etc. are based on actual costs and practical experiences ( Béickstrom pers. com., Wilhelmsson pers.com.,
Hannerz 1995, 1, 1V, Wennstrom in prep.).

Notes:

a) Costs for microsite preparation and seeding are also included when direct seeding. Manual seeding, capacity of work:
2.5 ha/day

b) The cost is calculated with: Seed: S$80% 3,800 SEK/kg, S§90% 4,400 SEK/kg, OS90% 5,500 SEK/kg, OS98% 16,000
SEK/kg; 1000-sw: SS80% and S§90%: 4.50 g, OS90% and OS98%: 6.00 g; Seedling emergence: S§90%=0.10
(mechanised) and S§90%=0.25% (manual), S§80%=0.95x8590%, 0S90% and O§98%=1.20xS590%; Survival from year
1 to 4: SS80% and §§90%=72%, OS90% and OS98%=80%

¢) Used seed for planted seedlings is calculated as follows: 1000-sw: 6.00; Germination capacity: 95% Plant
establishment in nursery: 95%; direct seeding see 'b’

d) The cost is calculated as follows: Labour: 1,500 SEK/day; Capacity for work: 1.200 seedlmgs/day; Seedlings: 0.95
SEK/seedling; Seedling survival: 80%; Transformation: 1/(SQRT(log(number of seedlings))-0.85)

e) The cost is calculated as follows: Labour: 1,500 SEK/day; Capacity for work: 1.4 ha/day; Transformation: log(sown
seeds/m — 5). No release thinning needed for planted seedlings or when less than 6 seeds/m are sown.

) The cost is calculated as follows: Labour: 1,500 SEK/day; Capacity for work: 800 seedlings/day; Need: 100 seedlings/
ha for direct seeding with strategy 5,000 and planting with strategy 1,000; 250 seedlings/ha for direct seeding with
strategy 1,000 and 2,000; Seedlings: 0.95 SEK/seedling; No restocking needed for planted seedlings with strategy 2,000
and 5,000.
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