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Abstract

Bergsten. U. 1983, Cone and seed properties in a voung and an old stand of Pinus syvlvestris L. Studia
Forestalia Suecica 168. 13 pp. ISSN 0039-3150. ISBN 91-376-2282-3.

Cones from a voung (24-28 vears) and an old stand (120-280 vears) of Pinus sylvestris L.
originating from L\d\sulu in north Sweden (N 64° 30", E 18745, Alt. 310 m) were cxamined in the
laboratory to establish whether there are biological restrictions on the use of seeds from young
stands. The number of cones per ha was approximately 71 000 in the old stand and about 29000 in
the voung stand. which corresponded to 4.3 respectively 2.1 kg of filled seeds. Cones from the
voung stand exceeded cones from the old stand in length. volume and drv weight: consequently
the seeds from the young stand were heavier than those {rom the old stand. There were no
differences between the two stands in other properties. such as germination rate and capacity.
number of seeds per cone. percentage of empty seeds and extractability. There appears to be no
biological reason for restricting cone collection from a young stand of the above age.
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Introduction

As the demand for pine sced in parts of Sweden.
especially in the north of the country. cannot be
totally supplied by seed from sced orchards. cone
picking from stands is necessary. This demand will
increase if sowing as a method for regeneration is
used to a greater extent than now (Gustafson. 1980).

Flowering. pollination. cone setting and seed deve-
lopment are strongly influenced by weather condi-
tions. especially by the temperature (cf. Sarvas. 1962:
Simak. 1972: Bergman. 1976: Thlstedt. 1982:1. etc.).

Cone setting is greatly dependent on the weather
during the induction of flower-buds. i.e. the year
before flowering. As against this. the seed quality is
determined by the weather during the embrvo deve-
lopment. which for Scots pine (Pinus svivestris L) is
the vear after flowering. If both cone setting and sced
quality are taken into account. the interval between
years with abundant cone setting combined with high
seed quality is considerable. above all at high alti-
tudes and latitudes. According to calculations by
Kohh (1968). at Jokkmokk (Lat. 66° 36", Alt. 262 m)
for example. the frequency of years with cone setting
of at least 80 cones/tree and a germinating percentage
of 90 is onlv about 3%. Therefore. in many years.
there is a shortage of seed in north Sweden.

As it is possible to store seed of high quality for a
long time without risking a significant decrease in
germinability (Huss. 1967). in vears with good cone
setting and seed ripening. cone picking should be
done on a large scale. Onc way of meeting the de-
mand for seed and increasing the cone collection
during such vears could be to collect cones in voung
stands. too.

Cone picking from standing trees is now being
tested with promising results as an alternative to col-
lection from clear-felled areas (Brunberg. 1982 - pers.
comm.). Methods for cone collection from standing
trees should make it possible to collect cones more
than one vear from each stand and not only at the
clear-felling. Such methods should be casier to im-
prove. if the trees are short. i.e. young.

The number of stands suitable for potential cone

picking will increase significantly if voung stands are
also considered. As an example it may be mentioned
that in north Sweden about 20% of the forests are
between 21 and 30 vears old {Svensson. 1983).

No direct comparisons of seed and cone properties
in voung and old stands of Scots pine have been
found in the literature. though comparisons between
single trees of different age within « stand have been
made. According to Holmerz (1900). Lindroth (1933)
and Mork (1957) there is no connection between ger-
mination capacity and the age of the mother tree if
single trees of different age arc compared. OId trees
may produce more but smaller cones than voung
ones {Holmerz 1900. Lindroth [953). Pines between
26 and 35 vears of age produce about the same am-
mount of seeds (Rogozin 1978).

Rohmeder (1972) summarizes a review concerning
the connection between the age of the mother tree
and the cone. the seed and the plant quality as fol-
lows:

— From a genetical point of view. the age of the
mother trec has no importance.

— The seed quality. for instance seed weight and ger-
mination capacity. is in general not considerable af-
fected by the age of the mother tree.

— Plant development has not proved to be affected by
the age of the mother tree.

Since the above investigations were made on single
trees of different age within a stand. the value of this
information—from a practical point of view—is li-
mited. Cone and seed properties of yvoung trees may
depend on whether the trees are suppressed by com-
petition. as may be the case in an uneven-aged stand
or whether they are dominant as in an even-aged
stand. On a practical scale. cones from young trecs
will probably be collected only in even-aged voung
stands. Therefore. the present cxamination focuses
on cone and seed properties in two adjacent stands of
Scots pine—a young and an old stand. The study was
made to establish whether there are biological restric-
tions on the use of seeds from voung stands.



Material and methods

Field methods

An inventory and cone collection was made in No-
vember 1980 of a voung (2428 vears) and an old
stand (120--280 vears) of Scots pine (Pinus svivestris
L.). The two stands are situated 2 km west of Lvck-
scle (N 64° 30, E 18° 45" at an altitude of about 310
metres. Both stands arose by natural regeneration.
the voung stand probably from the old one.

At the time of the inventory most of the trees in the
old stand had been clear-felled by a feller-buncher
and a processor. In the investigated arca. Fig. I. in
which the trees were felled but not limbed. 20 circular
sample plots (100 m~) were laid out at a distance of
40x 40 metres from each other. In the voung stand.
about 50 metres west of the old stand. 16 samplc
plots (100 m*) were laid out at a spacing of 30x30
metres. On cach plot a sample tree was selected and
the propertics of the site. the stand and the sample
tree were described.

The site data were almost the same in the two
stands. The old stand was cxposed to the south.
south-east and the young stand to the north. north-

east. This difference in exposure will probably be of

no importance. as the slope was gentle. <1:10. The
soil was till. sand-fine sand with mesic-moist soil and
surface/subsurface water flow during short periods.
The ground flora was of Vaccinium myrtilfus type in
the old stand and of Vaccinitm myriilfus and. 1o a
small extent. Ledum palustre-Vaccinium uliginosum
tvpe in the young stand.

Both stands consisted of Scots pine. Norway
spruce (Picea abies (L.) (Karst) and Birch (Benila

Young stand

Woods truck
road

spruce (Picea abies (L) (Karst) and Birch (Benila
pubescens Ehrh.). with Scots pine as the dominant
species (Table ). The number of trecs per ha in both
stands is representative of this part of north Sweden.
The trees in the voung stand were on the average 26
vears old. showing a small variation in age. In the old
stand the age varied considerably. from [20 to 280
vears, with a mean age of 230 vears.

The sample trees in the old stand were almost twice
as tall as those in the voung stand. 14 m on the
average. compared to 8 m. The difference in diameter
was also twofold. 28 cm and 14 cm. The cones on the
sample trec were collected by an SFI-picker in the old
stand and by hand in the voung stand. As the trees in
the old stand had been felled by a feller-buncher. the
trecs were to some cxtent gathered into bunches. The
nearest pine with any part inside the plot was there-
fore selected as sample tree. In the old stand the
number of cones on the sample trees was used to
calculate the average amount of cones per tree and
per hectare.

In the voung stand the nearcst trec with cones.
counted from the centre of the plot. was selected as
sample tree. [n contrast to the old stand. in the voung
stand there were trees without cones. For estimating
the average number of cones per tree and per hectare.
the cone setting of each tree inside the sample plot
was ocularly determined and assigned to one of six
classes of cone setting. Since the cones of cach sample
tree were counted in the laboratory. this ocular classi-
fication was calibrated. The crowns of the sample
trees in the voung stand were too weak to permit

Old stand

Fig. 1. Sketch of the investigated stands.
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the ISTA-rules (1976). The analvsis was performed
with replications of 100 seeds with a maximum of
3x 100 seeds per length class and tree. The extracted
cones were manually divided into pieces. and the
number of seeds that did not fall out during the
extraction (“unextracted sceds™) was determined. As
these seeds were x-raved. the percentage of empty
seeds could be determined for this fraction. too. The
cone parts were dried for 16 hours at 103°C for deter-
mination of drv weight.

The results presented include all material. No cor-

Results

Cone setting

On the sample trees in the old stand the average
number of cones per tree was 183. in the voung stand
the average was 92. The south side of the crowns of
the sample trees in the voung stand contained 42%
more cones than the north side of the crowns. 34
cones compared to 38 (Table 2).

By multiplying the number of cones per sample
tree by the number of pines per hectare. the number
of cones per hectare in the old stand was estimated at
approximately 71 000.

Since in the yvoung stand. onlv trees with cones
were selected as sample trees, the estimation of the
number of cones per hectare was based on the ocular
determination of cone setting for every tree inside the
sample plot. The frequency of pines in different
classes of cone sctting is shown in Table 3. The
number of cones per hectare in the voung stand.
based on this estimation. was about 26 000, By com-
paring the counted number with the estimated
number of cones on the sample tree. this value was
calibrated to about 28 600 cones per hectare.

Table 2. The number of cones per sample tree

rections or transformations werc made. in spite of the
fact that the number of cones and seeds was high for
some trees and low for others. Differences in seed and
cone propertics between the stands were tested statis-
tically with Student’s r-test. The paired /~test was used
when testing differences in properties for cones and
seeds from different sides of the crown in the young
stand.

The following levels of significance were used:
"= p<0.05 = = p<0.01 = p<0.001
The standard error is presented as *+ s.e.%

The calculation showed that the number of cones
per hectare was almost three times as high in the old
stand as in the young stand.

Length, volume and dry weight per cone
Cones from the voung stand were significantly larger
(18% in length. 47% in volume) and heavier than
cones from the old stand (Table 4).

Cones from the south side of the crowns in the
voung stand were larger (3% in length. 16% in vo-
lume) and heavier (14%) than those from the north
side of the crowns. The differences in length are
illustrated in Fig. 3 which shows the average number
of cones of different length per trec. The variation
seems to be normally distributed in both stands.

Cone extractability

In Fig. 4 the result from the ocular estimation of
extractability is shown.

The differences in extractability between cones
from the two stands shown by this method were not
significant.

Old stand Young stand

Total Total South side r-test North side
Mean 183+24% 92+16% S+ I8 =20%
Min.-max. [6—722 17-209 10—1 1-103

Table 3. The average nwmber of pines per hectare in different classes of cone setting in the young stand

Number of cones

0—-10

10-30 S0—=100

100-200

Number of

treessha 180+ 17%

103£24%

23=45% SE100% 0




Table 4. Length. volume and drv weight per cone and tree

Old stand

Young stand

Total -1est JTotal South side 7-test North side
Length cone
and tree mean  28+2% 33=40 33 a2
(mm) min.-max.  21-32 RAES
Volumc: cone
and tree mean  3.2+6% 1.7+9% ! 44
(cm’)  min.-max. 1.53—4.2 2287 22-92 2 1=7.3
Drv weight'cone
and tree mean  2.7243% 2.97x9% 313 2,77
(g) min.-max.  0.96=2.8% [ 49—3.3% 1.33-3.98 1. 46—4.95
Number of Young stand
cones/tree
40 —
“INorth side
30 South side
20 —
10
e

Length class

0 % -
15.0 175 200 22.5250 275 300 325 350 375 400 42.5 450 475 50.0 32.5

550 575
Cone length {(mm)

. I o, m ¥ , ¥ | I
Number of O|d Sfond
cones/tree
40—*‘ —

! |

0
150 175 200 22.5 250 27.5 300 32.5 350 375 400 425 450 475 500 52.5 550 575

Fig. 3. The average number of
cones of different length per

tree.

Length class

L II

1

LA

¥

Cone length (mm)

yI




Cones/tree

%
100 1

90 + N Young stand
80 + Old stand

70 T
60 T [—
50 +
40 +
30 t

20 1

As another value for extractability the number of
extracted seeds was compared to the total number of
seeds. On the average. 75% of the seeds from the
young stand were extracted. compared to 66% ex-
tracted seeds from the old stand. However. the differ-
ence was not significant,

The number of extracted seeds may seem low. but
must be seen in relation to the fact that only one
extraction was made. [n practice. the first extraction
would probably have been succeeded by a sccond.

Number of seeds per cone, percentage of
empty seeds and thousand-grain weight

Neither the percentage of empty seeds per tree nor the
number of seeds per cone and tree differed signifi-

Extractability

Fig. 4. Number of cones per tree
in different classes of extractabi-
lity.

cantly between the two stands (Table 3). Nor were
these two parameters statistically different if cones
and seeds from the north and the south sides of the
crowns in the young stand were compared. The thou-
sand-grain weight was 10% higher for seeds from the
young stand. i.e. 4.20 g. compared to 3.82 g for sceds
from the old stand. Seeds from south-exposed cones
in the voung stand were heavier than seeds from
north-exposed cones. i.e. 4.32 g. compared to 4.03 g.

The percentage of empty seeds per tree was signifi-
cantly lower (p < 0.001) for cxtracted secds than for
unextracted seeds in both stands. 16-17% compared
to 22-23%.

The number of seeds per cone increased with the
cone weight. as is shown in Fig. 5. At the same cone

Table 5. Number of seeds per cone and tree. percentage of emply seeds per tree and thousand-grain weight per tree

Old stand Young stand
Total r-test Total South side r-test North side
Number of
seeds/cone
and tree mecan  19+6% - 21 x6% 22 - 2
min.-max.  10-28 13-29 10-32 11-29
Empty seed;
tree (%) mean  17+9% - 17¢% 18 - 17
min.-max. 4-37 S2 7-32 6—>52
Thousandgrain
weight/tree
(g) mean  3.82+3% * 4.20+4% 4.32 * 14.03
min.-max. 2.91—-4.64 3.48-5.66 3.52-35.61 325573




Number of
seeds/cone

60

50+

40

30+

20+

Y=9.68+11.67 InX
. ?:0.37
* n=179%9

0 A T T T T T

1
0 1 2 3 4 5 6 7
Dry weight/cone (g)

Fig. 5. Number of sceds per cone at different cone weights.
old and voung stand united. Dots indicate variation range
for the observations.

weight there was no significant difference in the
number of seeds per conc between the two stands. If
individual trees were studied. a logarithmic curve
provided the best fit. Since the variation between
trees was very large. the correlation cocfficient for the
whole material united was fow.

The percentage of empty seeds did not appear to
increase or decrease with the cone weight (Fig. 6).

There was wide variation in percentage of empty
seeds between different trees. For example. all values

Empty seed
(%)
60 +

50 Old stand
40
30

20+

Dry weight/
cone (g)

Fig. 6. Percentage of empty seeds at different cone weights
for each tree. The values for cach tree are represented by a
line and a number.

for tree number 20 in the old stand were over 30% but
for tree number 11 the percentage of empty sceds
never exceeded 10%.

The thousand-grain weight increased with cone
weight (Fig. 7). There were no significant differences
in average increase. neither when seeds from the two
stands nor when sceds from different sides of the
crown in the voung stand were compared. This
means that cones with the same weight from the two
stands contained the same amount of sceds.

Anatomical development and germination
capacity

The anatomical development was very high for seeds
from both stands. almost 99% of the filled sceds

Empty seed
(%)
60— Young stand:
| north side

~____.

50

40

301

20 A

Dry weight/

Empty seed cone (g)

(%)
Young stand:
60 south side

50
40
30

20+

7
Dry weight/
cone (g)



Thousand-grain

weight
(g)

—! . . .

5~

4

3“
o Y=2.9+119 InX
24 . ' r2:0.45
n=172
O T T T 1 T 7 1
0 1 2 3 4 5 6 7

Dry weight/cone (g)

Fig. 7. Thousand-grain weight at different cone weights. old
and voung stand united. Dots indicate variation range for
the observations.

belonged to embrvo-class IV AL i.e. the embrvo co-
vered at least 75% of the length of the embrvo cavity
and the gamctophyte was well developed.

Sceds from both south and north-exposed cones
showed the same anatomical development. As the
anatomical development was very high for almost
everv seed. no comparison was made between seeds
from cones of different weight nor between seeds of
different thousand-grain weight.

The germination capacity (Table 6) was also very
high. 97-98% after 21 days. for seeds from both
stands.

The germination capacity for seeds of different
thousand-grain weight was compared after 7 davs as
well as after 21 davs of germination. For all seeds
irrespective of weight. the germination capacity after
21 days was very similar. close to the maximum. for
seeds from both stands. The germination percentages
after 7 days were more variable but there werce no
significant differences between seeds of different
weight.

Table 6. Germination capacity in per cent of filled seeds after 7 and 21 davs. The values are mean per tree

Old stand Young stand
South North
Total i-test Total side -test side
7 days 64 8% - Tl+06% 72 - 68
21 davs 97+ 1% - 98=0.1% 98 - 97
Discussion

There were considerably more cones per tree as well
as per hectare—almost threefold—in the old stand
than in the voung stand. The frequency of trees with
cones was also higher in the old stand. However. the
number of cones per hectare in the voung stand cor-
responded to as much as 2.1 kg filled seed per hectare
and the amount in the old stand to about 4.3 kg filled
seed per hectare. For comparison. it may be men-
tioned that the cone harvest in seeds orchards in
north Sweden in the season 1980/81 vielded 2.7 kg
seed per hectare (Wilhelmsson, 1981

It should be pointed out that the number of one-
year-old cones In the voung stand exceeded the
number of cones produced during the collecting vear.
which indicates that the seed production in the young
stand during favourable sced years could be higher
than it was in this inventory.

10

The cones from the voung stand exceeded cones
from the old stand in Iength. volume and drv weight.
South-exposed cones in the voung stand were not
only larger in size and weight than north-exposed
cones but also more numerous. Although cone size is
a feature that is genetically connected with the
mother tree. it is also influenced by external factors.
such as nutritional conditions (Bergman. 1934) and
weather conditions. probably most by temperature.
According to Bergman (1976) several investigations
have shown that cone size will decrease if the temper-
ature sum diminishes (among others Lihde. 1972.
1975). Johnsson et al. (1953) mentions that grafts
grown in a better climate than that of the original tree
produce larger cones. but that small differences occur
if the grafts and the mother tree are exposed to the
same climate.



The differences in cone size between the two stands
may depend on differences in temperature sun. i.c.
climatic conditions. but other factors may also be of
importance. Rohmeder (1972) says that very voung
and very old trees arc more affected by a shortage of
photosynthate than trees of middle age. as far as cone
and seed weight are concerned. According to Linder
(1981) for the production of 75 cones on a Id-year-
old Scots pine. just as much carbon was needed as the
amount used for stem increment. which was 6% of the
annual photosynthate production. This indicates that
the amount of photosynthate needed for cone pro-
duction is of great importance.

The differences in cone size between south and
north-exposed cones may also be due to differences in
temperature. As an example of this. Acatay (1938)
measured a temperature that was [.8°C higher in
south-exposed than in north-exposed cones on a 40-
vear-old spruce during a clear day in August.

Since flowering is also dependent on temperature
(Ihlstedt 1982). there is reason to believe that the
differences in cone number between south and north-
exposed crowns were related to differences in
temperature sum. Bergman (1976) also pointed out
that south-exposed cones are morc numerous than
north-exposed cones.

According to Schotte (1905) and Lahde (1973) the
larger the cones arc. the better the extractability is.
The extractability is also influenced by the degree of
ripening (Stefansson. 1933). In this investigation.
cones from the voung stand. although larger. did not
show significantly higher extractability than cones
from the old stand. probably because the weather
conditions had been very favourable during the time
for cone ripening.

The number of seeds per cone. which on the aver-
age. was about the same in the two stands. clearly
increased with cone weight (cf. Simak. 1933).

The thousand-grain weight showed a pattern simi-
lar to that of cone weight. i.e. seeds from the young
stand were heavier than seeds from the old stand. and
seeds from south-exposed cones in the yvoung stand
were heavier than seeds from north-exposed cones.
The increase in seed weight with increasing cone
weight. which is also described by Simak (1933) and
Sodersten & Osterberg (1960). was similar in the two
stands. Simak also mentions that at the same cone
weight cones with many seeds produce smalicr seeds
than cones containing few seeds. if the cones origin-
ate from the same tree. Sced weight. like cone weight.
is genetically conditioned. but also strongly affected
by weather conditions. mainly temperature (Johns-
son et al.. 19533, Simak & Gustafsson. 1954). The

superior weight of seeds from the voung stand. due to
large cones. indicates that the temperature sum dur-
ing the vear of ripening may have been higher in the
crown of the voung stand. As shown by e.g. Hadders
(1967). heavy sceds will have a better plant develop-
ment after germination. This lead is. however. ac-
cording to Rohmeder (1972). made up for in about 3
to 4 vears in Scots pine.

Pollinated ovules produce empty seeds. if the pol-
len is dead or dies before fertilization is completed.
Bevond this. the occurrence of semi-lethal or lethal
genes may lead to abortion of the embryo (Dogra.
1967) and the production of empty seeds. Therefore.
the percentage of empty seeds is strongly influenced
by pollen quality. According to Sarvas (1962). the
main reason for the production of empty seeds in
Scots pine is self-fertilization. One prerequisite for
the production of empty seeds is. however. that pol-
lination has taken place. Unpollinated ovules degen-
erate.

No difference was shown between the two stands in
the frequency of empty seeds. though between trees
the difference could be very large. On the average.
the percentage was 17-18%. which can be considered
normal. According to Kardell (1973). during 1963—
1970 the mean value for seeds from a number of
stands in the county of Visterbotten was 20-30%.
The percentage of empty seeds in the seed orchards in
north Sweden was 19% in season [980/81 (Wilhelms-
son. 1981).

Simak (1960) showed that the percentage of empty
seeds in individual trees declines when the cone
weight increases. In this investigation no connection
was found between the number of empty seeds and
the cone weight. even if seeds and cones from each
trec were compared separately.

The anatomical development and the germination
percentage were very high. close to the maximum. for
seeds from both stands. in spite of the fact that the
collecting area is situated at an altitude of 300 m in
north Sweden. The vear 1980 was very favourable for
seed ripening and. in fact, the forecast for seed ripen-
ing by the Institute for Forest Tree Improvement was
the most favourable cver made (Andersson & Erics-
son. 1980).

According to Bergman (1976). significant differ-
ences in germination capacity between seeds from
cones of different exposition may exist. In this inves-
tigation there were no differences in germination ca-
pability between seeds from south and north-exposed
cones. probably because of high temperature sum
during the ripening period.

i1



Applications

The presented results have not shown any biological
restrictions. on the use of cones and seeds from a
voung stand. at least not in a vear with favourablc
conditions for seed ripening. The seed production in
voung stands during favourable vears seems to be
high enough to consider cone collection.

In general. cone collection in a voung stand. from
the biological point of view. should thercfore not be
restricted. Besides. the decision to collect cones
should always be based on a seed analysis by which
the seed quality will be described. If the topography
is rough. however. i.e. if depressions exist. low trees
may be more frequently exposed to frost than tall
trees. Night temperature especially is stronghy in-
fluenced by topography in arcas exposed 1o frost
(Andersson. 1968: Odin. 1969).

Regenerations from the 1930s and the 1960s. i.e.
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