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Study of the pollination pattern in a Scots pine seed Orchard by means of
Isozyme Analysis

By H.-H. Suen!, D. Rupin? and D. LiNDGREN?
(Received July / November 1980)

Summary

A genotype analysis of three loci — LAP B, GOT A and B,
using some two thousand seeds originating from three ra-
mets of a marker clone and ten grafts from surrounding
clenes was carried out in a seed orchard close to Umed. A
significant difference with regard to frequency of geno-
types from seeds derived from the three ramets was found,
and there was variation among sectors at different levels
of a crown within a ramet due to differences in the fertili-
zing pollen cloud. Pollen dispersal seems to be dependent
on the coincidence of the time of flowering of male and
female trees, the distance from a pollen tree to a mother
tree as well as wind direction during flowering. A neigh-
bouring tree with all favourable conditions received 31 per
cent of the fertilizing pollen from the marker ramet. The
average frequency of self-pollinated seeds from the mar-
ker clone was roughly estimated at 6 per cent with the
lowest frequency at the top of the crown.

Key words: Pinus sylvestris, isozymes, selfing, genetic marker,
clone, fertilization, pollen dispersal

Zusammenfassung

Isozymatische Untersuchungen iiber die Refruchtungs-
verhiltnisse in einer Kiefernplantage.
An den Samen einer Kiefernplantage in der Ndhe von
Umed wurden Isozymanalysen fiir drei Loci: LAP B, GOT
A und GOT B durchgefiihrt. Drei Pfropflinge eines Mar-
koérklons und umgebene Propflinge anderer Klone wurden
untersucht.
In verschiedenen Hohenzonen und Richtungssektoren der
Krone konnten signifikante Unterschiede in der Frequenz
verschiedener Isozymmuster festgestellt werden. Diese Un-
terschiede sind auf unterschiedliche Zusammensetzung des
Pollenangebotes wihrend der Bliitenperiode zurlickzufiih-
ren. Die Pollendispersion des Markorklons wurde néher
untersucht: Der Pollenbeitrag ist abhingig vom gleichzei-
tigen Bliihtermin minnlicher und weiblicher Bliiten, dem
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Abstand zwischen Vater- und Mutterbaum und der Wind-
richtung zum Bliihtermin.

Unter glinstigen Verhéltnissen konnten 31% der befruch-
tungsfihigen Pollen auf eine direkte (unmittelbare) Nach-
barschaft des Vaterklones zurtickgefiihrt werden.

Die Rate der Selbstungen wird an Hand des Markorklons
auf durchschnittlich 6% geschétzt. Sie ist im obersten Kro-
nenteil am niedrigsten.

Introduction

The establishment of seed orchards based on selected
trees has become common all over the world during the
last twenty years. In many countries they are now the
essential way of supplying genetically improved forest
seeds. In order to obtain a greater genetic gain it is im-
portant to know whether the original prerequisites for the
seed orchards are realy fulfilled. Some of the main prin-
ciples for the establishment and function of seed orchards
are the following:

1. Selection of the best phenotypes within a homegeneous
climatic region

2. Grafting and random plantation in a seed orchard

3. Localization of the seed-orchards in site with favourable
climate and soil which encourage flowering and seed-
ripening

4, Isolation against dominating pollen from outside the
seed-orchard

5. No clones to dominate the pollen production and ferti-
lization

6. The frequency of selfing to be kept at a minimum level

The three first prerequisites are in many cases fulfilled
today. However, until recently it has been very difficult
to get hold of good information about the last three.

By analysing differences in empty seed frequencies be-
tween selfed, outcrossed and open pollinated seeds from a
Scots pine seed orchard, Jounsson (1972) found that less
than 1 per cent of the viable seeds were due to selfing.
Biochemical markers such as isozymes and monoterpenes
now make it much easier to study these guestions. The
perspectives opened up by these methods for research into
seed orchards were pointed out by RupiN and LINDGREN
(1977). Murier (1976). Grecorius and Murier (1975) dis-
cussed methods to calculate the pattern of pollination in
seed orchards. MULLER-STARCK (1979) found a selfing fre-
quency as high as 12-149% in a 12-15-year-cld Scots pine
seed orchard containing 36 clones (with 25 ramets from



each clone) in Western Germany. RupiN and LiNDGREN (1977)
found that one marker clone each in two separate Scots
pine seed orchards in Sweden did not dominate more than
expected. The frequencies of selfing in these two seed or-
chards, comprising 21-25 clones, were estimated at 2-5 per
cent. Comparing isozyme genotypes at two levels in the
crowns of ramets in a Scots pine seed orchard comprising
25 clones Happers (1971), Rubin and Linpcren (1977) found
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indications of a higher outcrossing frequency at the top
level. These studies were based on empty seed frequencies
and isozyme gene markers respectively.

The purpose of this study was to obtain information
about the net effect of pollen dispersal to different sectors
of the crown of ramets and between rameis with special
interest focused on the selfing frequency in a Scots
pine seed orchard. For this purpose the seeds originating
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tion was concerned with only

1964. The present investi

from three ramets of one marker clone and ten grafts from
other clones in ‘Ostteg Scots pine seed orchard were used.

the older parts. It may be noted that the study was carried

There was a total of 51 clones and the original spacing
was 5m. At present the distance between the grafts is

out at a time when there was an unusually bad seed crop.
irregular because of thinning and damage caused by voles.

Materials and Methods
Cones were collected in the autumn 1979 in the seed

orchard at Ostteg, which is located close to Umed, Swe-

There are around 150 trees/ha. The grafts are 6 to Tm

den, at latitude 63°40’, longitude 20°15’ and altitude 10 m.
The seed orchard was established during the years 1956-

)

high. The seed orchard is still fairly open and there are
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Figure 1. — The general view of the older parts ot the Usiteg
seed orchard and the isozyme type of some ramets planted in block
I. This block is situated in the SW corner of the older part of the

seed orchard. The arabic numerals in front of the slanted lines
denote the alleles of LAP B locus, and after the lines — those of

23000 ACI0N

the GOT B locus. The bar indicates allele 2 in both loci.

considerable open areas within it. The old part of the seed
orchard is divided into seven blocks. The seeds were de-
rived from block 1. The distribution of some ramets in
this block is shown in Figure 1.

To facilitate the choice of a suitable marker clone, a
survey of LAP (leucine aminopeptidases) and GOT (glu-
tamate oxalacetate transaminases) zymograms of all 51
clones was carried out by analysing 7 endosperms of the
seeds from every clone. This means that the probability
that one of the two alleles in a heterozygote is not detected
is 1/2% = 0.016. By this means the AC 1065 clone was found
to be suitable because it has a GOT A, band which is uni-
que for this seed orchard.

The LAP-B and GOT-B genotype of some ramets in block
I are shown in Figure 1.

The AC 1065 clone has a somewhat smaller diameter
than average. It is of average height and pollen production
does not seem to be below average. It has red male flowers.
There were four ramets of the clone in block I.

AC 1065 A has no close competing neighbours and has
at least 10 m of space in all directions.

AC 1065 B seems to be a little suppressed by its closest
neighbours. It is a somewhat below average pollen produ-
cer.

AC 1065 C is growing at a distance of 5 m from its closest
neighbour AC 1026. The crown is thin but tall.

AC 1065 D is located at the north-western boundary of
the seed orchard and looks rather weak. It was not inclu-
ded in the study.

The cones were collected from 12 sectors of a crown
separately. Four directions and three levels were used
for this purpose. There were only a few or even no cones
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to be collected from some of the sectors. In order to study
the contribution of pollen from the AC 1065 C marker
ramet to neighbouring grafts, cones were collected from
two sectors, one facing the marker tree and the other fac-
ing away from it. Seeds from the marker rametswere
extracted from some cones separately, from others only
from sectors separately. Where available at least 30 seeds
from every sector were analysed.

For the separation of the LAP and GOT isozyme, embry-
os and endosperms were homogenized separately and starch
gel electrophoresis in a modified discontinuous buffer
system was performed (Asuton and Brapen 1961). Patterns
of inheritance were checked by Rupin, D, (1975, 1976) and
1:1 segregation of alleles to endosperms were checked in
this study.

The LAP-A locus contains the alleles A; and A,, the
LAP-B locus the alleles B,, B, and B;, the GOT-A locus,
the alleles A, and A, and, as we have discovered the GOT-
B locus the alleles Byg, B,, By, and B;. It was rather diffi-
cult to distinguish between the band positions for B, B,
and B,, because they were very close to one another. In
this situation, rather than running the risk of getting un-
reliable results and even though we thereby lose some in-
formation, the B,s B, and B,, bands were pooled into one
group called B,.

The data concerning the time of flowering were provided
by the Northern District Research Institute for Tree Im-
provement at Sdvar, Sweden. In their study the develop-
ment of male and female strobili was divided into four
phases including the pollen shedding and receptive phases.
5—=6 ramets for every clone in the seed orchard were checked



for strobili development at intervals of 4 days during the
time of flowering.

The meterological material was provided by the Swedish
Weather Forecasting Agency. The measurements were
carried out at a station at Umed Airport 560 m from the
seed orchard.

Results and Discussion

1. Genotype frequencies of embryos from different sectors
of the crowns

The distribution of genotypes from seeds derived from
different sectors of the crowns of three ramets of AC 1065
are presented in Table 1 and Figure 2.

The data show that the genotype frequencies of embryos
vary greatly among these ramets, The difference in the
genotype frequencies is highly significant. The chi square
value of differences among the ramets was calculated to
be 28.91 ( 8 df = 21.96 p< 0.995). The eight classes with
low frequencies were pooled in this analysis.

The fluctuation of the frequencies in some sectors within
one ramet, particularly for rare genotypes, seems to be
fairly great, although it was not statistically significant.

It is interesting to note that many cones, particularly
those which contain a large number of seeds (17—19 seeds),
cover 6-7 types.

2. Segregation of GOT A, and -A, Alleles in the Macro-
gametophytes of the marker clone

There are several factors which cause the diversity of
genotypes. One of them is segregation of the mother tree.
In our experiment the marker clone AC 1065 was hetero-
zygous in the GOT-A locus (A,, A,). According to the ana-
lysis of a total of 841 seeds, 399 seeds belong to A; and 422
to A,. The chi square test of 1:1 segregation gave a value
of 2.10ns, This indicates that there seems not to be any lethal
factors linked to these alleles. However, in some cases the
ratios of A, and A, for different samples derived from
single cones or sectors of crowns are insignificantly deviat-
ing from 1:1 segregation.

The macrogametophytes (endosperms) from a total of 79
cones were analysed separately. There were two cases in

Per cent

B282

AlA1
B282

LAP B2B2 B282 B28B2

_A242  A2A2  AIA2
GOT-'3282 8283  B2B2

Genotype

which the ratio of GOT A, :A, was 0 to 7, and in one case
it was 1 to 9. Within one sector even a ratio of 13 to 27 was
found.

In some cases the uneven segregation to macrogameto-
phytes in a single cone or even in a sector caused a diver-
sity of the frequencies. For example, in sectors S; and S,
of AC 1065 A, the frequencies of the genotypes LAP- B,B,,
GOT- A,A,;, B,B, and LAP- B,B,, GOT-AA,, B,B, are
somewhat different, but if all the corresponding data are
added together no significant differences zre found (see
Tab. 1). To sum up, no statistically significant deviations
from the expected 1:1 Mendelian segregaticn could be
established.

3. Selfing in the marker clone

When analysing embryos and macrogametophytes from
the same seeds the genotype of the fertilizing pollen can
be determined. As there is only one clone carrying the GOT
A, allele and as this allele is generally rare outside the
seed orchard, it may be concluded that aimost all cases,
when you are picking cones on the marker clone where
the father is GOT A, this must be due to selfing. As AC
1065 is heterozygous GOT A,/A,, 50 per cent of the selfings
will pass undetected. Thus, to get the frequency of selfing,
the frequency of embryos containing the allele GOT A,
from the father has to be doubled.

The frequency of GOT A, in different sectors and in
different ramets is summarized in Fig. 3. When analysing
the data it ought to be kept in mind that poliination from
other ramets of the same clone may have been a contribu-
tory factor. There were four AC 1065 ramets in block 1.

As AC 1065 is a normal pollen producer, a contribution
of around 6 per cent to the general pollen cloud seems to
be possible. This is in agreement with our observations
(6.8 %/0) mentioned in Table 2.

There is a significant difference between overall averages
of levels (y2 = 7.58, 2 df, 0.99 > p > 0.975). The lowest val-
ues were found at the top of the trees. This is in agreement
with other investigations (cf Rupin and Linpcren, and
others). It is also logical, because there are few male flow-
ers at the top of the tree and since the wind can easily blow

Legend

El AC1065 A
7 AC 1065 B
[3 AC1065C

1 =

3
B1B2 BI1B2 BI1B2 BI1B2 B2B3 B2B3 B2B3

A2A2 AlA2 A2A2  A2A2 A2A2 AlA2

AlA2
B28B2 B2B2 B2B3 B2B3 B2B3 B2B3 B2B3

Figure 2. — Comparison of genotype frequencies of embryos from the AC 1065 A, B
and C ramets.

11



away selfing pollen there. There seems to be more selfing

in the middle than at the bottom of the grafts which is

somewhat surprising. The reason for this might be:

— statistical fluctuations

— in AC 1065 there are as many male flowers in the mid-
dle of the graft as at the bottom, thus there is no reason
to expect a higher degree of selfing at the bottom

— the distance between the cones and the irunk of the
tree may be larger at the bottom than in the middle.
Thus, the lowest cones may be situaled more peri-
ferally

— during the time of pollen dispersal upward air streams
may occur in a seed orchard on a sunny day

There seem to be striking differences in spontaneous
selfing frequencies, depending on direction, in individual
ramets. In the AC 1065 A ramet most incidences of selfing
took place in the southerly direction and in the B ramet to
the South and the East (see Fig. 3).

When fertilizing pollen from all three ramets was pooled,
no significant difference was noted between the four di-
rections but a good indication on differences. The high
frequencies of GOT-A,; are found to the direction S-E,
which is no clear cut correlation with the prevailing winds
during the whole average flowering period. The marker
clone, however, is early flowering and during this period
the impact from northern winds is more heavy than later
which coincides with results.

Furthermore, the frequencies of self-pollinated seed
(fertilized by GOT A, pollen) derived separately from a
total of 75 cones, which were chosen at random, from all
sectors were investigated. There were no selfed seeds in
61 of 75 cones, One selfed seed was found in each of 9
cones containing 2 to 15 seeds. Only in one cone, which
contained 19 seeds were two selfed seeds detected.

The bionomial probability of getting 2 or more selfed
seeds in a cone containing 19 seeds is 7:6 per cent when the
average percentage of embryos carrying the GOT A, allele
from pollen is 2.4 per cent. Thus, there does not seem to be
any tendency for the selfed seed to “cluster” in certain

o
X

AC 1065 A AC 1065 B

@)

z

Average for the A, B
and C ramets

(4
-

Figure 3. — Percentual distribution of GOT A, in different sectors

of three ramets of AC 1065. The selfing frequency is obtained by

doubling the indicated values (see text). For instance, selfing

frequencies on average for the top, middle and bottom of three
ramets are 2.9, 9.4 and 8.5 per cent respectively.

) (@

Middle 4.7

Bottom 4.2

AC 1065 B I T

{
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cones. This might be explained by the fact that all embryos
of a cone are not receptive at the same time.

4. The outcrossing of the marker clone

In Figure 4 the pattern of LAP B and GOT B in the dif-
ferent sectors is represented. When percentages were cal-

%
Aliele AC 1065 B

S

X

z

Figure 4. — Percentual distribution of three alleles in different
sectors.

culated the selfing pollen carrying the GOT A, allele was
excluded, while selfing pollen carrying GOT A, remairnred.
As AC 1065 C is represented only by the top level and rath-
er few seeds, it is not included in Figure 4.

If all fertilizing pollen in the different sectors is pooled,
there are significant differences among {he tree ramets
for both LAP B (on the 5%/ level) and for GOT B (on the
0.001% level).

No overall differences between levels or directions could
be verified. However, there seems to be a clearly recogniz-
able pattern within ramets (Fig. 4). This is logical because
each ramet has different neighbours.

In AC 1065 A there is a pattern of high frequencies of
LAP B, at the top towards the North-East and LAP B; in
the South-West part of the top. The high incidence of LAP
B, in ramet A is logical as two of its three closest neigh-
bours carry this allele (cf. Fig. 1). But this raises two
questions, namely, why is the incidence high at the top
and low in the western sectors. The pollen may have orig-
inated from the sixth closest neighbours, of which AC 1025
plays an important role. There are also two LAP B, sources
among the 7 closest neighbours.



For AC 1065 B the pattern of fertilization is rather ir-
regular. AC 1065 C has five seeds carrying LAP B, and
two carrying LAP B; alleles out of a total of 208 seeds.

As was the case with self-pollination the data is not
enough to show any precise tendency for pollen dispersal
during the flowering time. In general, the LAP B, and
LAP B, alleles detected in the analysed seeds seem to be
fewer than would be expected.

5. Influence of pollen from the marker ramets on the
pollination of neighbouring grafts

In order to study the dispersal of the pollen from the
marker ramets and its influence on the neighbouring
grafts, AC 1065 C was chosen. Ten grafts surrounding this
ramet at different distances and in various directions
were selected (see Fig. 5). The data concerning frequencies
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Figure 5. — Observed contribution of the marker GOT A1 from AC

1065 C in the open pollinated seed from neighbouring grafts. The

relative time of flowering is also indicated. On the North arrow, a

diagram of a combined expression of temperature and directions
from which the wind blows is shown (see text).

of GOT A, in neighbouring grafts, time of flowering, dis-
tance from the marker ramet and wind direction are sum-
marized in Table 2.

The results show that, according to the frequencies of
GOT A,, the neighbouring grafts can be roughly divided
into three groups i.e. (1) Ac 1026, 31.4% (2) AC 1023, AC
3006, AC 1036, 16-7.6%; (3) AC 2011, AC 4210, AC 1015, AC
1040, AC 1060, Z 3001, 3.8-0%b.

The results also indicate that in most cases the percent-
age of seeds with the marker allele derived from the side
facing the marker tree is higher than from the correspond-
ing opposite side. The mean occurrence of the former for
ten grafts is 1.43 times the latter, although the difference
is not significant.

The pattern of pollination within a seed orchard depends
mainly on the coincidence the abundance, the female and

male flowering, temperature and moisture in the air, to-
gether with the wind directions and velocities.

With respect to the time of flowering, the pollen shed-
ding of all clones in the seed orchard was fairly short,
lasting only about one week. The evident demarcation
line for the time of pollen shedding among ciones was not
found because of the rather long interval between obser-
vations. But the receptive phase of female stroboli was
longer and continued for about two weeks. The discrep-
ancy in receptive time between early and late flowering
clones was somewhat more than a week. Thus, the grafts
of different clones can easily be divided into three groups,
i.e. early, medium and late. The time of pclien shedding
for AC 1065 coincided with the receptiveness of the early
and medium groups.

The time and output of pollen also depends strongly on
the temperature during the pollen shedding period. In
order to explain the pattern of dispersal of pollen from the
marker clone the pollen dispersal diagram on the arrow
found in Figure 5 was constructed. It is based on data con-
cerning directions, velocity and temperature. Registrations
were made four times per day at 01, 07, 13 and 19 hours.
From these data the daily mean temperature and the wind
directions and velocities at 13 and 19 hours were chosen
because these data seem to have the most pronounced
impact on pollen dispersal. The diagram in Figure 5 was
built up by means of a summation of wind velocity and
corresponding temperature from the 1 st to i5th of June
1978. The maximum temperature measured during this
period was 22.9°C. Therefore, no correction for over-
optimal temperature for pollen production is necessary.
From the diagram in Figure 5 there seems to be a corre-
spondence between a “line“ of trees with a high capture
of marker pollen and directions of the prevailing winds.

It is reasonable that AC 1026 should have the highest ratio
because the pollen impact from AC 1065 C cn this ramet
is heavy. The grafts of the second group coincide with the
flowering time of AC 1065 too. They are located to the
west of the marker ramet at distances of 10—19 m. All
grafts of the third group are located up-wind (prevailing
winds) from the marker ramet at distances of 7—22 m.

The discrepancy in the time excluded th2 possibility of
pollination of AC 4210 from AC 1065 C, even though con-
ditions were otherwise favourable. On the other hand,
conditions were favourable for AC 1014 as regards flow-
ering time and distance, but not as regards location, in re-
lation to prevailing wind direction, and therefore the ratio
became lower than expected.

It is questionable whether the neighbouring grafts were
pollinated only by AC 1065 C or by any other ramet of this
clone. In general it is true that every graft in a seed or-
chard is under the influence of many ramets of the same
clone. However, in this case the importance of the other
ramets may be considered to be limited due to their dis-
tance , and to the fact that the wind was blowing so that
AC 1065 could hardly spread pollen from other sources
than AC 1065 D which is a small ramet with a limited
pollen production. There are the impact of other ramets of
AC 1065 to the observed results shown in Figure 5 is neg-
ligible.

General Discussion

There are two questions which need to be discussed on
the basis of the above mentioned results. One concerns

13



the diversity of genotypes of seeds originating from dif-
ferent ramets and from various sectors of a crown within
a ramet of the same clone. The other is the question of net
effect of pollen dispersal in the seed orchard.

First, our investigation indicates that the seeds origi-
nating from different ramets and from various sectors of
a crown within a ramet of the same clone show a different
genotype composition. Differences between ramets are sig-
nificant but for sectors the level of significance is not
always reached.

It might be of interest to point out that in our investiga-
tion of seed weight variation (unpublished), using the
same material as in this study, the average weights of
seeds derived from AC 1065 A and B differ significantly
from one another. The former is 6.67 = 0.56 mg, (mean *
standard deviation) while the latter is 5.18 1: 0.64 mg. The
seeds from AC 1065 C have an intermediate value, 6.15 £
0.58 mg. The average weight of seeds derived from dif-
ferent sectors also shows significant differences in some
cases.

The results indicate that the fertilizing pollen varies be-
tween different sectors, and selfing seems to be more
common at low levels. Therefore sampling of open
pollinated seeds for progeny testing does not seem to be
satisfactory at the level of “breast height” and from only
one sector of the crown. Open pollinated seeds for pro-
geny testing purposes should be collected from several
ramets, several sides of the ramet and preferably from
the top of the tree. In practice it is common to leave
cones at the top of the trees if there are a sufficient number
of cones in the more accessible lower part of the crown.
From a genetical point of view this may mean a loss of
wood production capacity, as the degree of selfing is
lowest at the top of the tree.

The second question to discuss is the net effect of pollen
dispersal from and to one marker clone. As pointed out
in the section 5 in this paper if a mother tree is located
up-wind from the pollen-tree, even at a distance of 10—15
m, the contribution of the pollen tree was limited (see AC
2011, AC 1014 in Fig. 5). The following observations illus-
trate this question. There are grafts carrying the LAP B,
allele which surround AC 1065 A. These are AC 1025 on
the east side and AC 1029 on the west side. The distances
from these grafts to AC 1065 A are 18 and 13 m, respec-
tively. The times of flowering coincide with one another.
The frequencies of LAP B, in seeds derived from the north-
ern, eastern and southern sectors were higher than from
the western sector. They are 6.3, 9.8, 2.4 and 1.5 per cent,
respectively.

The fact that the frequencies of LAP B, for seeds from
the North, East and South are higher than from the West
is probably connected with the prevailing wind direction
during the time of flowering.

The frequencies of LAP B, in the AC 1065 A ramet are
higher than in the other two ramets. They are 6.1 and 2.5
times those of the B and C ramets, respectively. The reason
for this may be the fact that LAP B, sources situated up-
wind from AC 1065 B are not as close as they are to AC
1065 A. For instance, the distance from Z 2001 carrying
LAP B, on the North-East side is 33 m. Since Z 3001 grows
only 10 m to the East. The frequency of LAP B, in AC 1065
C is somewhat lower than expected.

Furthermore, three ramets of AC 2050 and AC 1016
carrying the LAP B; allele are to be found to the East and
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South East of AC 1065 at distances of 40, 46 and 49 m. This
means that AC 1065 C is located downwind of these grafts.
In addition, the flowering time for these clones is rather
early, and thus coincides with the receptive phase of AC
1065. Only about 0.5 percent of embryos with LAP B;
allele corresponding to one per cent of the pollination was
found. However, it was previously noted that the frequen-
cies of LAP B; in the AC 1065 A and B ramets are also
lower than might be expected from the clonal composition
of the seed orchard. It can be stated that pollen sources
situated at a distance of 40 m or more may play a role in
pollination. If half of the pollen originated from greater
distances than 40 m, it does not seem probable that 2 out
of 51 clones would make such a small contribution as 1 per
cent of the pollinations, as was found in this case. There-
fore it seems that most of the pollen comes from neigh-
bours at a short distance. Jonsson et al (1976) found that the
flowering intensity is the main factor which influence the
genotype distribution in a seed orchard. Of course the true
situation and natural mechanism cannot be completely
elucidated with only one marker clone availakle therefore
we are working hard to find more marker ciones in this
seed orchard.

Authors who have discussed pollen dispersal including
selfing frequencies in seed orchards are e.g. FFaApDERs (1971),
Kosk1 (1975) and MULLER-STARK (1978). Koskr states that the
pollen dispersal and selfing frequencies within a seed or-
chard are dependent on such factors as the total and clonal
pollen production within and outside a seed orchard and
the coincidence in time of male and female flowering with-
in and outside a seed orchard. He states that above 7 m of
height and a breast-height diameter of 16 cm yeu will have
a sufficient amount of pollen to get a good pollination of
pollen coming from the orchard itself.

In the studied seed orchard the diameter mentioned has
been mostly reached but the average height is not yet 7
meters, The seed orchard, however, is well isolated with at
least 2 km to the nearest Scots pine stand. Therefore the
impact of any invading rare alleles might he expected to
be small.

The intensity of male flowering was analysed by HADDERs
(1971) in relation to empty seed frequencies. No correlation
was found in the top of the ramets but at the lower parts
it was obviously positively correlated. This indicatq&ﬁ.hat
you might find a certain amount of selfing in the lower
parts of the male flowering clones. The same tendency was
found in the same material by RubpiN and LiNDGREN (1977)
by means of isozyme gene markers. These results are in
accordance with the results of the present study.

The frequency of viable inbred seeds from seed or-
chards, however, varies very much between different au-
thors from less than one per cent (Jounsson 1972) to 12—
14¢/0 (MULLER-STARCK 1978). As was mentioned above our
mean value was estimated at 6% which is intermediate to
above mentioned figures.

The reasons for these discrepancies between different
investigations are probably connected to such factors as the
design of the seed orchard,the number of clones and lethal
factors in actual clones, the level of cone-collection, the
shape of the crowns of the ramets, the intensity and coin-
cidence of male and female flowering and the turbulence
within the seed orchard. That a co-operation of all these
varying factors will result in different levels of selfing
frequencies is obvious.



Concluding remarks

1) The gene frequencies of seed originating from differ-
ent ramets of the same clone differ. Considerable vari-
ations within different sectors of a crown can also be de-
tected in some cases. It seems to be difficult to expect
random mating in the seed orchard. The diversity in the
gene frequencies is not much due to the segregation of the
mother trees but to the various composition of neighbours.

2) The dispersal of pollen is mainly depending on the
coincidence of the time of flowering, the distance between
parent trees and the wind direction during pollen shedding.
The neighbour to the marker ramet, with all mentioned
conditions favourable, received 31.4 per cent c¢f fertilizing
pollen to that ramet. It seems, as if in the prevailing wind-
direction trees within 10 m contributed considerably to the
fertilizations, trees at a distance of 10—20 m to a large ex-
tent, but less than trees within 10 m. Trees at a distance
of more than 40 m and up-wind only make a small con-
tribution.

3) The frequency of self-pollinated seeds originating
from one clone in the Scots pine seed orchard was roughly
estimated at 6 per cent with the lowest frequency in the
top of crown. This points on the risks of mainly picking
cones in the lower parts of the crowns both on practical
and scientifical purposes.
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Summary

Given the polyploid chromosome constitution of Sequoia
sempervirens, there was reason to question whether it
would exhibit inbreeding depression. Preliminary results
from studies of self and related outcross families are re-
ported as a guide to the selection of trees for redwood seed-
orchards and breeding-orchards. The data indicate that,
compared to outcrosses, selfing produced no additional cone
abortion, no consistent effect on number of seeds per cone,
and variable effects on germination. Consequently, the rela-
tive proportions of inbred and outcrossed offspring pro-
duced are normally maintained.

Under good nursery conditions, survival of selfs and out-
crosses was both high and similar. Under stress nursery
conditions, survival was lower for both, but selfs had a
much lower survival rate than outcrosses. The selfs were
consistently 65—80% the height of the outcrosses in the
nursery, and also after one year in the field. Then inbreed-
ing depression appears to become much more severe. After
fourteen years in the field, in the single family available,
selfs averaged only 42% the height and 29% the diameter of
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related outcrosses. It thus appears prudent to restrict in-

breeding in redwood seed-orchards.

Key words: Cone abortion, Diameter, Germination, Height, Nurs-
ery practice, Polyploidy, Seed-orchards, Sequoia sem-
pervirens, Stress, Survival.

Résumé

Etant donné la constitution chromosomique polyploide
de Séquoia sempervirens on pouvait se demander si I'auto-
fécondation chez cette espéce s’accompagne de perte de vi-
gueur. Les résultats préliminaires des études de descen-
dances dérivant d’autofécondations ou de sujets apparentés,
sont rapportés pour fournier un guide pour le choix des
arbres a placer en vergers a graines ou parcelles d’amélio-
ration génétique. Les faits montrent qu’en comparaison a
des croisements non apparentés, ’'autofécondation ne pro-
voque pas d’excés d’avortement de cones et n’a pas d’effet
significatif sur le nombre de graines par cones. Les effets
sur la germination sont variables. Il résulte de ceci que
les proportions relatives entre descendants consanguins
et non apparentés on pu étre normalement maintenues.
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