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Abstract: Irregular seed crop in Betula pendula (Silver Birch) is a reason to create seed reserves, ensuring nurs-
ery production in years of crop failure. This study investigated the effects of seed moisture content and stor-
age temperature on germinability and seedling emergence in container cultivation. Mature catkins were col-
lected separately from 3 trees. The mixture of winged nuts and scales was dried to 3 levels of moisture content
and stored at 3°C, -3°C and -10°C. After storage for 3, 5 and 6 years, the seeds were separated from scales and
next dewinged and sorted in acetone into empty and filled seeds. Cleaned nuts were germinated in the
Jacobsen germinator. Besides, to assess seedling emergence, seeds were sown on the surface of peat mixed
with perlite, in multi-cell trays under a plastic tunnel. Significant differences in germinability were detected
depending on the mother tree, seed moisture content and storage time. The viability of seeds stored at —-10°C
remained unchanged for 6 years regardless of moisture content (ca. 8-12%). Seeds stored at higher tempera-
tures lost their germinability faster. An unexplained increase in seedling emergence was observed after ex-
tended seed storage at -10°C, in contrast to a gradual decrease in seedling emergence after extended storage
at -3°C.

Additional key words: Silver Birch; liquid seed sorting; seed moisture content; storage temperature; con-
tainer nursery; pH of imbibition water
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major species for fast-growing forest plantations (Za-

Introduction

Birches (Betula pendula and B. pubescens) in Poland
account for 7.4% of the total forest area, i.e. they rank
second, after Pinus sylvestris (GUS 2010). In respect of
standing timber volume, birches rank sixth, after al-
der (Alnus sp.). In the northern part of its range, in
Finland, birch is the third most important forest tree
(Kowalczyk and Wojda 2005). As pioneer species,
birches are often the first trees to colonize wasteland
and abandoned farmland (Rebele 1992). Betula
pendula (Silver Birch) is used in forests as one of the 6

jaczkowski and Zateski 2007). Apart from a wide
range of applications and valuable wood (especially
the so-called Karelian birch, i.e. birch burr from Kare-
lia), the decorative value of birch (e.g. shape of the
tree or bark colour) make it very attractive, so it is of-
ten used for planting in parks and open landscapes.
Birch seeds are winged nuts, easily disseminated
by wind over large distances. Before seed collection,
their quality is usually assessed, as some seed lots are
completely useless. Seed quality, to a large extent, de-
pends on the abundance of flowers and the pattern of
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weather conditions. Good seed crops are recorded ev-
ery 2-3 years, and then their germination capacity
is higher (Antosiewicz 1975, Bodyt 2006). Such
high-quality seed lots can be stored as reserves to be
used in years of crop failure. However, according to
Anisko et al. (2006), they must be first dried to a
moisture content of about 3.5%. After shedding, the
seeds can remain ungerminated on the ground till
spring. In the soil, as a rule, birch seeds are viable for
up to 1-3 years (Hill and Stevens 1981, Granstrom
and Fries 1985, Perala and Alm 1990), although in
the north of Sweden, seeds in the soil are viable lon-
ger (Granstrém 1987).

In forest nurseries, the seeds are not separated from
the scales before sowing. When sown in belts
(so-called “partial sowing”), 0.6-0.9 kg of such a mix-
ture is used per 100 m* (Rozwatka 2003), whereas
when spaced evenly (so-called “full sowing”), 1.5-3.0
kg is used per 100 m?, but seeds account for 35-38% of
the total weight (Suszka et al. 2000). For container cul-
tivation and “point sowing” (i.e. sowing of single or up
to about a dozen seeds at widely spaced points), seeds
should be separated from the scales, dewinged, and
fully viable. PREVAC (Simak 1981) and IDS methods
(Bergsten and Sundberg 1990), seed blowers, seed ta-
ble sorting are common techniques for seed separa-
tion. Flotation of seed in some liquids with different
specific gravity is used for separation also: pure water,
carbon tetrachloride, hexane, ethanol, diethyl ether,
petroleum ether, n-Pentane, linseed oil and other
(Bjorkroth 1973; Bewley et al. 2006).

In B. pendula, 1000 nuts weigh about 0.1 g (Roz-
watka 2003) or 0.15 g (Suszka et al. 2000). For pro-
duction of potted seedlings, the sowing efficiency co-
efficient in plastic tunnels should reach 0.1, which
corresponds to 250 seedlings per 1 m? (Rozwatka
2003).

The aims of this study were: (1) to develop an ef-
fective method for separation of filled seeds from
empty seeds; (2) determine the effects of seed origin,
storage time, temperature and moisture content on
germination in the laboratory, as well as seedling
emergence and height in multi cell trays.

Material and methods

Plant material

Mature catkins of B. pendula were collected on 20
July 2004 from 3 trees fallen the same day in the
Konstantynowo Forest District (Uroczysko Wozni-
ki). Seed lots from individual trees were marked with
numbers 1920, 1921, and 1922.

Germination of fresh seeds

After collection, germination capacity was asses-
sed for fresh seeds (without drying and dewinging) in

4 replicates of 100 seeds each, in the Jacobsen germi-
nator, after 2 weeks at cyclically alternating tempera-
tures of 20~30°C (i.e. for 16h at the lower tempera-
ture and 8h at the higher temperature in the diel cy-
cle; ISTA 2008). In the periods of higher temperature,
the seeds were illuminated with fluorescent light
(Daylight Osram L 36W/950-1, irradiance 22 pmol
m?st).

Seed drying and storage

For further experiments, the mature catkins after
collection were dried at room temperature and in a
BCC cabinet drier (Bjorkemar Construction & Con-
sulting AB, Landskrona, Sweden), to 3 levels of mois-
ture content (mc, fresh weight basis): A, B, and C
(Table 1). Seeds with scales and debris were dried
first at room temperature to mc A, next in BCC for 1.5
hour at 25°C (mc B) and additionally 5 hours at 30°C
(RH 25-30%) to mc C. Seed mc was estimated in 3
replicates. Next, the seeds with scales were separated
into samples of 8-11 g each (depending on the total
weight of the seed lot) and next placed in plastic bags,
tightly sealed, and stored for several years at 3°C,
-3°C, and -10°C.

Table 1. Moisture content (%, fresh weight basis) of seeds
with scales after drying of mature catkins of 3 trees (seed
lots 1920, 1921, 1922)

Moisture Moisture content (%) of seed lot
content level 1920 1921 1922
A 12.7 £0.1 11.6 £0.15 11.4 0.0
B 9.5 +0.0 10.7 £0.15 9.6 +0.15
C 7.8 0.1 7.6 =0.47 8.6 +0.15

Germination and seedling emergence
after seed storage

In spring, after storage, the individual bags were
opened only once, and their germination was tested
in the Jacobsen germinator in 4 replicates of
100 seeds each. Seeds after storage at -3°C, and
-10°C, were also subjected to seedling emergence
tests. They were sown in 4 replicates of 40 seeds each,
on the surface of the germination substrate in plastic
growing trays HIKO V-93 (BCC, Landskrona, Swe-
den), kept in a plastic tunnel. The growing trays were
placed in plastic darkroom trays (55x40x7.5 cm)
filled with lake water from Lake Koérnickie to the
height of about 4 cm. The germination substrate was
composed of Sphagnum peat (pH 5.5-6.5, Sterlux,
Hollas Sp. z 0.0.) with perlite No. 3 (at a ratio of 3:1,
v/v) and the 2 kg/m? dose of Osmocote® Classic Stan-
dard fertilizer (which releases nutrients for 5-6
months). Water losses in the flow trays were replen-
ished regularly, ensuring continuous sub-irrigation of
the growing trays.
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In the first spring after collection, winged seeds
were sown, whereas after 3, 5 and 6 years of storage,
the seeds were first separated from scales by sieving,
and next the seeds were dewinged manually to sepa-
rate the nuts from wings. Sieves were also used to
separate the seeds infested by larvae of the genus
Semudobia, most probably S. betulae (Roskam 1977).

Dewinged nuts were sorted in acetone (after ear-
lier pilot trials, not published), to separate the empty
seeds (which floated on the surface) from filled seeds
(which sunk to the bottom). Filled seeds were
strained and next dried on blotting paper under fan
air flow. The separation of filled seeds from empty
seeds lasted less than 1 min, whereas their drying af-
ter the floating in acetone lasted about 5 minutes. The
dry weight of 3 replicates of 1000 filled nuts each was
assessed by drying at 105°C for 24 h.

Filled seeds were placed in individual cells manu-
ally, by pushing them down from a glass plate with
the use of a metal spatula. Seeds and the surface of the
soil after sowing were sprinkled with water. The trays
were next placed in a plastic tunnel.

To protect the sown seeds against exposure to di-
rect sunlight, the southern side of the tunnel was
sprinkled with a shading paint every year. To allow ef-
fective hardening of the seedlings before autumn
frosts, the plastic cover of the tunnel was removed in
early August.

Germination at various pH levels

An additional laboratory experiment was per-
formed to determine the influence of pH on seed ger-
mination (after 14 days). Germination tests were per-
formed on filter paper in Petri dishes (sealed with lab-
oratory film Parafilm “M” *) for seed lot 1921, at cy-
clically alternating temperatures of 20~30°C after
storage for 6 years at 3°C. Water was acidified with
citric acid (Sigma-Aldrich) to various levels of pH,
ranging from 3.8 to 5.0 (measured with Metler To-
ledo, SevenCompact™ S230 Conductivity meter)

Weather data

To interpret some results, selected data from the
weather station of our Institute were used: daily re-
cords of minimum and maximum temperature and
insolation from May to September in 2007, 2009, and
2010. The weather station is located about 100 m
away from the plastic tunnel.

Final measurements and statistical
analysis

At the end of each growing season, all seedlings
were counted and their height was measured. The re-
sults expressed as percentages (germinability and
seedling emergence), after arcsin v% transformation,
were subjected to analysis of variance (ANOVA) and

the Tukey test, at p = 0.05, by means of Statistica
software (1998).

Results

1000-seed weight

Clean seeds accounted for about 20% of the dry
weight of mature catkins. The dry weight of 1000
dewinged filled seeds after the sorting in acetone var-
ied from 0.147 g in lot 1921, through 0.180 g in lot
1920, to 0.218 g in lot 1922. The results differed sig-
nificantly at p<0.001 (Tukey test).

The studied birch seed lots were infested with lar-
vae to a varying extent. The infested seeds were nearly
disc-shaped, in contrast to healthy seeds, which were
spindle-shaped. After dewinging, the infested nuts
could be easily separated by sieving. The mean weight
of 1000 seeds infested by larvae of the genus Semudo-
bia was about 0.835 g, so it was 4-5-fold higher than
the weight of healthy seeds.

Germination tests

Soon after collection, the germination capacity of
fresh seeds (which have not been dewinged) varied
from 31% (lot 1922) and 35% (lot 1920) to 46% (lot
1921).

The ANOVA shows that all the analysed factors
(seed origin, moisture content, temperature, and
storage time) significantly affected the germination
percentage and the interactions between them were
significant (Table 2).

Generally, the studied seed lots differed signifi-
cantly in germination percentage. It was significantly
lower if: (a) the seeds were dried to a higher range of
moisture content vs. lower mc; (b) storage tempera-
ture was higher vs. lower temperature; and (c) stor-
age time was extended vs. short time of storage.

Depending on the moisture content of stored seeds
(lots 1920 and 1922), their germination capacity sig-
nificantly decreased already after 3 years of storage at
3°C, as compared to germination results after storage
at —3°C, while in seed lot 1921, germination was 2
days delayed (Fig. 1). The separation of seeds in ace-
tone resulted in a substantial increase in seed quality
and germination percentage after 3 years of storage
(Figs. 1 and 2).

The seeds stored at 3°C lost their viability most
quickly. However, this partly depended on the
mother tree, as in seed lot 1920, germination was
close to zero as early as after 5 years, whereas in seed
lot 1921, it was over 30% after 6 years. Because of the
low germination of seeds after storage at 3°C, they
were not subjected to seedling emergence tests in
multi-cell trays.

The response of seed lots 1920 and 1922 to differ-
ent temperature and moisture content during storage
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Table 2. Results of ANOVA of germination (after arcsin \% transformation) of 3 seed lots, dried to 3 levels of moisture con-
tent and stored for 3, 5, and 6 years at 3°C, -3°C, and -10°C

df MS df MS F P
effect effect error error
1 SEED LOT 2 10201.49 243 26.96118 378.377 0.000000
2 STORAGE 2 15536.33 243 26.96118 576.248 0.000000
3 TEMP 2 41463.69 243 26.96118 1537.903 0.000000
4 MOISTURE 2 1950.46 243 26.96118 72.343 0.000000
1x2 4 603.15 243 26.96118 22.371 0.000000
1x3 4 2646.21 243 26.96118 98.149 0.000000
2X3 4 5120.14 243 26.96118 189.908 0.000000
1x4 4 942.47 243 26.96118 34.957 0.000000
2xX4 4 76.75 243 26.96118 2.847 0.024683
3x4 4 724.34 243 26.96118 26.866 0.000000
I1x2%3 8 431.32 243 26.96118 15.998 0.000000
1xX2x4 8 99.63 243 26.96118 3.695 0.000431
1x3%x4 8 188.91 243 26.96118 7.007 0.000000
2X3x%4 8 303.82 243 26.96118 11.269 0.000000
1x2x3x4 16 266.76 243 26.96118 9.894 0.000000
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Fig. 1. Germination curves of 3 seed lots (1920, 1921, and 1922) in the Jacobsen germinator after 3 years (upper row) and 6
years of storage (lower row) at 3°C, -3°C, and —10°C, at moisture content levels A, B, and C (see Table 1)
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Fig. 2. Comparison of seed germination after 2 (white sym-
bols) and 3 years (dark symbols) of storage at —3°C
(solid line) and -10°C (dotted line), with a moisture
content of 12.7%. After 2 years the seeds were not
sorted in acetone, whereas after 3 years, filled seeds
were separated in acetone before the germination tests.
Seed lot 1920

for 6 years was similar. At —3°C, at the highest (A)
and mean (B) moisture content, germination capacity
was greatly reduced. No such a relationship was ob-
served in seed lot 1921 (Fig. 1), as it maintained a
high germinability irrespective of seed moisture con-
tent during storage. Its stable high germination ca-
pacity suggests that this is a special feature of this
tree, characterized by an unusually high seed quality.

Irrespective of the moisture content of stored
seeds, the germination generally decreased in the
course of seed storage at —3°C. The decrease varied
between seed lots.

At -10°C, when storage time was extended, the
germination capacity was stable or even slightly in-
creased (Table 3).

Any sound seeds were detected after germination
test finished during 1-6 years of storage. All non-ger-
minated seeds were dead. About 0.0-1.5% of seeds
germinated abnormally and was not included to ger-
mination percentage.

Table 3. Germination (%) of 3 seed lots (1920, 1921, and 1922) dried to 3 levels of moisture content (A, B, and C) and stored
for 3, 5, and 6 years at 3°C, -3°C, and -10°C. Significant differences are marked with different small letters (P < 0.05)

Storage temp.

Germination (%) of seed lot

Moisture content level* Storage time (years)

1920 1921 1922

3 11.0 s-x 93.0 a-h 64.2 i-1

3°C A 5 0.75y 53.01-0 22.2 o-t
6 Oy 36.2 m-p 15.2 r-w

3 54.7 j-m 94.2 a-h 94.5 a-h

B 5 2.5 w-y 51.21-0 33.2 nr

6 02y 342 n-s 6.0 t-x

3 79.5 g-j 93.5a-h 91.5 a-h

C 5 4.7 u-y 40.7 1-p 46.5 i-0

6 1.7 xy 30.2 n-s 28.2 n-t

3 87.2 d-i 93.0 a-h 98.0 a-d

-3°C A 5 39.2 n-t 94.2 a-g 83.5f+
6 13.2 r-w 93.7 a-h 15.7 p-u

3 98.7 ab 96.0 a-e 93.2 a-h

B 5 53.2 k-n 98.7 a-c 83.2 e

6 34.7 n-s 95.7 a-h 35.5n-r

3 99.5a 98.7 ab 94.2 a-f

C 5 90.5 a-i 95.7 a-g 89.0 c-i

6 71.7 h-k 79.5 h-j 83.7 e+

3 93.0 a-h 93.2 a-h 89.5a-h

-10°C A 5 93.2 a-h 96.5 a-g 91.2 a-h
6 93.2 a-h 98.5 a-d 92.5a-h

3 81.2 1 92.7 a-h 85.0 e+

B 5 92.7 a-h 94.0 a-h 85.2 d-i

6 94.7 a-h 94.7 a-h 91.5a-h

3 93.2 a-h 92.5 a-h 96.7 a-e

C 5 95.5a-g 89.5 b-i 88.5 c-i

6 89.0 c-i 97.2 a-e 87.2 c-i

*See Table 1.
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Seedling emergence

The level of seedling emergence in multi-cell trays
was lower than germination percentage in laboratory
conditions (Table 4). The ANOVA shows that seed-
ling emergence significantly depended on all the 4
studied factors (very much like germination capac-
ity). Secondary, tertiary, and quaternary interactions
between them were significant. An exception was the
interaction between moisture content and storage
time (Table 5).

Generally, seedling emergence was the highest in
seed lot 1921, which maintained the initial, high
seedling emergence for 6 years, in contrast to both the
other seed lots (Table 6).

After 3 years of seed storage at —3°C, seedling
emergence was significantly higher than after storage
at -10°C. However, when storage time was extended
to 5-6 years, inverse relationships were observed
(Table 7).

Table 4. Seedling emergence (%) of 3 seed lots (1920, 1921, and 1922) dried to 3 levels of moisture content (A, B, and C)
and stored for 3, 5, and 6 years at 3°C, -3°C, and -10°C. Significant differences are marked with different small letters

(P < 0.05)

Storage time

Seedling emergence (%) of seed lot

Storage temp. Moisture content level

(years) 1920 1921 1922

3 66.9 a-c 68.1 a-c 59.4 a-d

-3°C A 5 21.9d-i 66.2 a-d 45.0 b-f
6 11.2 h-i 76.9 a 17.5 {4

3 55.6 a-d 70.6 a-c 55.6 a-d

B 5 36.2 c-h 66.2 a-d 46.8 a-e

6 10.0i 50.6 a-e 17.5 g-i

3 72.5 ab 67.5 a-c 50.6 a-e

C 5 68.7 a-c 55.6 a-d 56.9 a-d

6 47.5 a-e 52.5 a-e 56.2 a-d

3 54.4 a-d 48.1a-e 48.7 a-e

-10°C A 5 68.1 a-c 61.9 a-d 61.9 a-d
6 70.0 ab 69.4 a-c 63.1 a-d

3 51.2 a-e 56.9 a-d 45.0 b-f

B 5 62.5 a-d 62.5 a-d 57.5 a-d

6 68.7 a-c 65.6 a-d 72.5 ab

3 69.4 a-c 61.9 a-d 41.2 b-g

C 5 70.0 a-c 65.6 a-d 68.1 a-c

6 54.4 a-d 66.2 a-d 70.6 a-c

Table 5. Results of ANOVA of seedling emergence (after arcsin +/% transformation) of 3 seed lots dried to 3 levels of mois-
ture content and stored for 3, 5, and 6 years at 3°C, -3°C, and -10°C

df MS df MS
effect effect error error F P
1 SEED LOT 2 998.048 162 40.46352 24.66539 0.000000
2 STORAGE 2 335.367 162 40.46352 8.28814 0.000374
3 MOISTURE 2 527.807 162 40.46352 13.04402 0.000006
4 TEMP 1 2417.967 162 40.46352 59.75672 0.000000
1x2 4 307.856 162 40.46352 7.60823 0.000012
1x3 4 265.618 162 40.46352 6.56438 0.000064
2x3 4 48.273 162 40.46352 1.19301 0.315920
1x4 2 914.721 162 40.46352 22.60608 0.000000
2x4 2 2715.937 162 40.46352 67.12064 0.000000
3x4 2 229.629 162 40.46352 5.67497 0.004149
I1Xx2%3 8 152.726 162 40.46352 3.77442 0.000439
1x2x4 4 187.637 162 40.46352 4.63718 0.001432
1x3%x4 4 337.049 162 40.46352 8.32971 0.000004
2X3x%4 4 269.430 162 40.46352 6.65859 0.000055
1x2%x3x4 8 81.215 162 40.46352 2.00712 0.048639
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Table 6. Mean seedling emergence (%) of 3 seed lots de-
pending on their storage time. Significant differences are
marked with different small letters (P < 0.05)

Storage time Seedling emergence (%) of seed lot

(years) 1920 1921 1922
3 61.7a 62.2a 50.1 be
5 54.6 ab 63.0a 56.0 ab
6 436¢ 63.5a 49.6 be

Table 7. Mean seedling emergence (%) of all seed lots, de-
pending on seed moisture content, temperature, and
storage time. Significant differences are marked with dif-
ferent small letters (P < 0.05)

Moisture Seedling emergence (%) after storage
content 3 years 5 years 6 years
level
-3*C  -10°C  -3°C -10°C -3°C -10°C

64.8ab 50.4cd 44.4de 63.9a-c 352ef 675a
B 60.6 a-c 51.0b-d 49.8cd 60.8a-c 26.0f 689a
C 63.5a-c 57.5a-d 60.4a-c 67.9a 52.1b-d 63.7a-c

In seed lots 1920 and 1922 dried to moisture con-
tent A and B and stored at -3°C, seedling emergence
was low, whereas in those dried to moisture content
C, seedling emergence was high. By contrast, in seed
lot 1921, after storage at —10°C, seedling emergence
was high regardless of seed moisture content.

Seedling emergence after storage at -3°C gradually
decreased when storage time was extended, but the
decrease varied depending on seed origin. When the
seeds were stored at —10°C, seedling emergence was
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Fig. 3. Average (3 seed lots, 3 mc levels, 2 temperatures)
frequency distribution of seedlings in seedling height
classes in individual years

stable in spite of extension of storage time from 3 to 6
years. Generally, when the seeds were stored longer
at —-10°C, a higher percentage of seedlings survived
until the end of the first growing season (Table 4).

Seedling height

Mean seedling height after seed storage for 3 and 5
years (i.e. in 2007 and 2009, respectively) was rela-
tively low (Table 8) and many seedlings were dwarf
(Fig. 3). In 2007, the percentage of seedlings <5 cm
high was over 20%, whereas in 2009, it was twice as
high. Seedlings from seeds stored longest, i.e. for 6
years (in 2010), were much higher, on average 23.2
cm high, and as many as 59% of seedlings were >20
cm high (Fig. 3).

Table 8. Mean height (cm) of seedlings developed from 3 seed lots stored with various moisture content at —3°C and -10°C

for 3, 5, and 6 years

Mean seedling height (cm) and standard deviation after seed storage

Seed lot Storage temperature Moisture content level

3 years 5 years 6 years
1920 -3°C A 8.4 £3.4 5.6 £3.3 21.5 £14.5
B 7.9 £3.5 4.4 £2.8 17.5 £12.7
C 9.2 £3.5 8.4 £4.2 31.1 =12.8

-10°C A 8.6 £3.8 8.3 £6.21 21.4 £9.0

B 8.9 £33 11.5 £4.4 20.1 8.7

C 8.9 £4.6 6.5 £3.1 20.8 £9.3

1921 -3°C A 7.6 £3.2 6.5 +4.5 18.1 £8.3
B 10.5 £4.0 5.8 =4.6 29.0 £12.7
C 10.9 5.8 9.2 £5.7 29.1 £13.8
-10°C A 9.1 £4.7 15.7 £8.7 253 x11.1
B 9.6 4.7 4.8 £2.6 21.0 =10.1
C 7.3 £3.7 5.5 3.7 25.7 =11.7
1922 -3°C A 9.3 £4.2 11.1 £4.9 32.9 =135
B 10.5 £5.2 11.6 £4.8 25.2 £12.8
C 13.4 +6.2 4.5 £2.8 22.3 +£12.6
-10°C A 8.1 £3.7 5.7 3.1 22.9 =10.9

B 7.5 +4.2 5.6 £2.6 19.0 £9.8

C 10.0 £5.6 4.1 %25 20.9 9.6

Mean 9.3 7.6 233
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Discussion

The lower limit of 1000-seed weight in Betula
pendula according to the Polish Rules of Silviculture
(Rozwatka 2003), i.e. 0.1 g, is greatly underestimated
in the light of results of this study. Its results indicate
that 1000-seed weight varied from 0.161 to 0.237 g,
considering that seed moisture content was about
8%. Tyszkiewicz (1949) reported that 1000-seed
weight in this species is on average 0.12 g, and germi-
nation capacity is 30%. The above differences may re-
sult not only from individual variation but also from
the lack of unambiguous procedures for seed weight
assessment. Empty seeds should not be taken into ac-
count in the assessment.

According to long-term observations of birch seed
germination in Poland (Bodyt 2006) the mean
germinability of birch seeds collected in 2004 was
about 20%. This indicates that seed lots 1920 and
1922 were of medium quality, while the quality of
seed lot 1921 was relatively high.

In conducted studies that intentionally missed
the influence of temperature and chilling time of
seeds and other light conditions of the methodology
adopted in order not to obscure the effect of storage
temperature and seed moisture content. High seed
germination percentage (Fig. 1), at over 90% indi-
cates that the tested batches of seeds were probably
not as strongly dependent on chilling pretreatment
and extended photoperiod as provide Vanhatalo et
al. (1996), De Atrip and O’Reilly (2005, 2006), and
others.

The separation of filled seeds from empty seeds by
floating in acetone (density 0.792 g/cm?®) caused a re-
markable improvement of seed quality. The short pe-
riod of separation (<100 s) was not harmful for the
seeds. The seed fraction heavier than acetone was
characterized by an over 2-3-fold increase in germina-
tion (to over 90%), as compared with seeds that had
not been sorted in acetone (Fig. 2). In the seed frac-
tion lighter than acetone, less than 10% of seeds ger-
minated. It seems that acetone as liquid for seed sepa-
ration was used first time; I didn’t meet any informa-
tion about such uses of it.

In earlier research on birch seed storage, many au-
thors have assessed only the germination percentage
(Vincent 1958, Heit 1967, Chmielarz 2010). Sowing
value assessment of various seed lots on the basis of
germination capacity (Table 3) usually differs consid-
erably from seedling emergence (Table 4). In forest
nurseries, seedling emergence is frequently much
lower than seed germination in laboratory conditions.
This results mostly from their lower viability, due to
infection of seeds and seedlings by various pathogens.
After seed storage, the differences between the values
of germination and seedling emergence vary depend-
ing on storage temperature and other factors.

Birch seed germination and seedling emergence
can be significantly affected by soil acidity, as re-
ported by Rudnicki (1953), who claimed that birch
seeds did not germinate when soil pH was lower than
5. This view is difficult to accept because B. pendula is
found on soils whose pH ranges from 3.7 to 6.5
(Niemiera 2009). In my additional laboratory experi-
ment testing this hypothesis no significant differ-
ences were detected in seed germination within the
pH range of 4.0-5.5. A pH decrease to 3.8 caused a
significant decrease in germination, as compared with
pH 5.5, but germination percentage within the pH
range of 3.8-5.0 did not differ significantly (Fig. 4).

Mean seedling height in 2007 and 2009 was ex-
tremely low. Such a low height is reached by
one-year-old seedlings in field conditions (Kriiss-
mann 1964), whereas in container cultivation it
should be much higher. It is difficult to determine un-
ambiguously what caused seedling growth inhibition
in multi-cell trays in those years.

Viherid-Aarnio et al. (2005) proved that seedling
growth and height are strongly affected by sowing
date. However, in this study, seeds were sown every
year in late April, so this factor is unlikely to be the
cause of the variation in seedling height, especially in
2010.

There are a few other possible causes. One of
them, most probable, is the pattern of weather condi-
tions, especially temperature at the beginning of the
growing season. In early May in both 2007 and 2009,
ground frost was recorded for a few days. In the plas-
tic tunnel (with no heating), this could block the
growth of young seedlings. In 2010, no such late
frosts were recorded. Heide and Prestrud (2005) re-
ported that in micropropagated apple and pear root-
stocks the autumn syndrome was not caused by pho-
toperiod but by low temperature. Thus, in container
cultivation, especially in the initial period after sow-
ing, birch seedlings apparently should be protected
from very low temperatures.
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Fig. 4. Seed germination on filter paper (14 days) depending
on medium pH. Significant differences are marked with
different small letters (P < 0.05, Tukey test)
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Seedling height seems to be negatively correlated
with the sum of daily maximum temperatures in the
first month of seedling growth (i.e. in May). In 2007
and 2009, i.e. after 3 and 5 years of seed storage, the
sum amounted to 653.1°C and 601.3°C, respectively,
whereas in 2010, it was only 485.2°C. Temperature
was measured within the weather station (at the
height of 2 m), while in the plastic tunnel the temper-
ature was markedly higher. The greenhouse effect in
the plastic tunnel was associated with high insolation
in May (over 230 h) in 2007 and 2009, as compared to
only 105 h in 2010. These observed differences seem
to be consistent with the observations of Aphalo and
Lehto (1997), who found that light quality affects
most strongly the initial growth of seedlings of B.
pendula and Wayne et al. (1998) who reported that
birch seedling growth is limited by high temperature.

The excessively high temperature, and the drought
associated with it, limits the distribution of B. pendula,
as indicated by the natural range of this species (Vak-
kari 2009). In warmer parts of Europe (the Iberian
Peninsula, Italian Peninsula, southern Balkans,
southern parts of Bulgaria, Romania and Ukraine),
this species does not occur.

Sub-irrigation, without any additional watering,
could also be insufficient for normal seedling growth
in 2007 and 2009.

It cannot be excluded that the germination sub-
strate itself could have a negative effect on birch seed-
ling growth and height in 2007 and 2009. Such nega-
tive effect of the substrate was observed in an earlier
study (Tylkowski and Musiela 2003) on seedling
growth in Quercus robur, both in laboratory conditions
and in a forest nursery in the Jarocin.

Clean birch seeds account for about 35% of the
weight of mature catkins (35.2-37.9% according to
Antosiewicz 1975), so the 1.5-3.0 kg of mature cat-
kins should contain 0.525-1.05 kg of clean seeds. As-
suming that 1000 seeds weigh 0.15-0.20 g, the 0.525
kg of mature catkins contain 2.6-3.5 million seeds,
while the 1.05 kg contain 5.2-7.0 million seeds. The
production 30 000 seedlings (of class I and II) in an
area of 100 m? in field conditions (Rozwatka 2003) is
equivalent to sowing efficiency of 0.9-1.2% and
1.75-2.3%, respectively, so it is about 50-fold lower
than sowing efficiency in container cultivation.

The optimized methods of seed storage, pretreat-
ment and sowing of B. pendula can be applied in prac-
tice. Their implementation in forestry practice, on a
rational scale, will allow to create valuable seed re-
serves (e.g. from seed orchards) for production of
potted seedlings. Seed storage for 6 years is, from a
practical standpoint, sufficiently long to replenish the
reserves of sowing material collected in good crop
years, although the Polish Principles of Forest Man-
agement (Rozwatka 2003) recommend that for birch,
seed reserves should be made for 2 years.

Conclusions

1. Temperature of -10°C and seed moisture content
of about 8% is the best for Betula pendula seeds stor-
age during 6 years, ensuring the highest germina-
tion and seedling emergence.

2. After storage of mature catkins, seeds are sepa-
rated from scales by sieving, and next dewinged
(by rubbing). Dewinged seeds are next sorted in
acetone (filled seeds sink to the bottom, while
empty ones float on the surface).

3. For long-term seed storage, it is more favourable to
store seed lots separately after collection from in-
dividual trees (because of high individual variation
in seed quality). Whenever seed quality is greatly
reduced in the individual seed lots, they should not
be stored any longer.

4. The application of filled seeds for production of
seedlings of Betula pendula in container cultivation
increase about 50-fold the sowing efficiency and
greatly limits the amount of sown seeds (from
about 1.5-series to about 7.9-10.5 g of clean seeds
per 100 m? in multi-cell trays).

5. Birch seedlings should be protected from low tem-
perature events in the initial period after sowing,
as its may contribute to inhibition of their further
growth.

Acknowledgements

My thanks are due to Danuta Szymarnska, Elzbieta
Nogajewska, and Dr Barbara Bujarska-Borkowska for
technical assistance during this study. The research
was partly supported by the General Directorate of
State Forests.

References

Anisko E., Witowska O., Zateski A. 2006. Wplyw wa-
runkéw suszenia nasion brzozy brodawkowatej,
olszy czarnej, sosny zwyczajnej i $wierka pospoli-
tego na ich zywotno$¢. Lesne Prace Badawcze 2:
91-113.

Antosiewicz Z. 1975. Zbiér i przechowywanie nasion
brzozy. Las Polski 13-14: 15-16.

Aphalo P.J., Lehto T. 1997. Effects of light quality on
growth and N accumulation in birch seedlings.
Tree Physiology 17: 125-132.

Bergsten U., Sundberg M. 1990. IDS-sedimentation
of Cupressus lusitanica seeds. In: Tropical Tree Seed
Research (ed. J.W. Turnbull). pp. 99-102. Proc.
of an international workshop held at the Forestry
Training Centre, 44 Gympie, Qld, Australia,
21-24 Aug. 1989, ACIAR proceedings No. 28,
Canberra, Australia.

Bewley ].D., Black M. Halmer P. 2006. The
encyclopaedia of seeds: science, technology and
uses. CABL



58 Tadeusz Tylkowski

Bjorkroth G. 1973. Separation of birch seeds in lig-
uids according to density. 1-9. In: IUFRO
Working Party: S2.01.06, International Sympo-
sium on Seed Processing, Bergen, Norway.

Body! M. 2006. Zmienno$¢ zywotnoéci nasion brzozy
brodawkowatej (Betula pendula Roth.) na terenie
Polski w latach 1995-2004. Sylwan 4: 26-32.

Chmielarz P. 2010. Cryopreservation of conditionally
dormant orthodox seeds of Betula pendula. Acta
Physiologia Plantarum 32:591-596.

De Atrip N., O'Rreilly C. 2005. Effect of seed mois-
ture content during prechilling on the germina-
tion response of alder and birch seeds. Seed
Science and Technology. 33: 363-373.

De Atrip N., O’Rreilly C. 2006. The response of
prechilled alder and birch seeds to drying, freez-
ing and storage. Canadian Journal of Forest Re-
search 36: 749-760.

Granstrom A., Fries C. 1985. Depletion of viable
seeds of B. pubescens and B. verrucosa sown onto
some north Swedish forest soils. Canadian Jour-
nal of Forest Research 15: 1176-1180.

Granstrom A. 1987. Seed viability of fourteen species
during five years of storage in a forest soil. Jour-
nal of Ecology 75: 321-331.

GUS 2010. Le$nictwo 2010. Departament Rolnictwa,
Gléwny Urzad Statystyczny. Warszawa. [For-
estry. 2010. Central Statistical Office. Agriculture
Statistics Division. Warsaw].

Heide O.M., Prestrud A.K. 2005. Low temperature,
but not photoperiod, controls growth cessation
and dormancy induction and release in apple and
pear. Tree Physiology 25: 109-114.

Heit C.E. 1967. Propagation from seed: 11. Storage of
deciduous tree and shrub seeds. American Nurs-
eryman 126(12-13): 86-94.

Hill M.O., Stevens P.A. 1981. The Density of Viable
Seed in Soils of Forest Plantations in Upland Brit-
ain. Journal of Ecology 69: 693-709.

ISTA. 2008. International Rules for Seed Testing. The
International Seed Testing Association, Switzer-
land.

Kowalczyk J., Wojda T. 2005. Brzoza w lasach Finlan-
dii. Las Polski 3: 14.

Kriissmann G. 1964. Die Baumschule. Verlag Paul
Parey, Berlin-Hamburg.

Niemiera A.X. 2009. European White Birch (Betula
pendula). Virginia Cooperative Extension. Virgi-
nia State University. (http://pubs.ext.vt.edu/
2901/2901-1043/2901-1043_pdf.pdf).

Perala D.A., Alm A.A. 1990. Reproductive ecology of
birch: a review. Forest Ecology Management 32:
1-38

Rebele F. 1992. Colonization and early succession on
anthropogenic soils. Journal of Vegetation Sci-
ence 3: 201-208.

Roskam J.C. 1977. Biosystematics of insects living in
female birch catkins. I. Gall midges of the genus
Semudobia Kieffer (Diptera, Cecidornyiidae).
Tijdschrift voor Entomologie 120: 153-197.

Rozwatka Z. 2003. Zasady Hodowli Lasu. Warszawa.
ORW LP Bedon.

Rudnicki J. 1953. Wyniki siewoéw brzozy przy réznej
kwasowosci gleby. Sylwan 97: 205-209.

Simak M. 1981. Bortsortering av matat-dott fro ur ett
froparti. [Removal of filleddead seeds from a seed
bulk.]. Sveriges Skogsvardsférbunds Tidskrift 5:
31-36.

Suszka B., Muller C., Bonnet-Masimbert M. 2000.
Nasiona lesnych drzew liciastych od zbioru do
siewu. Wydawnictwo Naukowe PWN, Warsza-
wa—Poznan.

Statistica. 1998. Statistica for Windows Version 5.1 G
(Edition ’98). StatSoft Inc.

Tylkowski T., Musiela G. 2003. Jako$¢ torfu w pod-
tozu a wzrost siewek debu w uprawie kontenero-
wej. Przeglad Le$niczy 5 (143/XIII): 19-20.

Tyszkiewicz S. 1949. Nasiennictwo leéne. Instytut
Badawczy Les$nictwa, Seria D, Nr 2, Warszawa.

Vakkari P. 2009. EUFORGEN. Technical guidelines for
genetic conservation and use of silver birch (Betula
pendula). Bioversity International, Rome, Italy.

Vanhatalo V., Leinonen K., Rita H., Nygren M. 1996.
Effect of prechilling on the dormancy of Betula
pendula seeds. Canadian Journal of Forest Re-
search 26: 1203-1208.

Viherd-Aarnio A., Hikkinen R., Partanen J., Luoma-
joki A., Koski V. 2005. Effects of seed origin and
sowing time on timing of height growth cessation
of Betula pendula seedlings. Tree Physiology 25:
101-108.

Vincent G. 1958. Die Lagerung von Saatgut in ge-
schlossen Gefidssen. Centralblatt fiir das gesamte
Forstwesen, 75: 257-267.

Wayne P.M., Reekie E.G., Bazzaz F.A. 1998. Elevated
CO2 ameliorates birch response to high tempera-
ture and frost stress: implications for modeling
climate-induced geographic range shifts. Oeco-
logia 114: 335-342.

Zajaczkowski K., Zateski A. 2007. Wytyczne zaklada-
nia i prowadzenia plantacyjnych upraw lesnych
gatunkéw drzew szybko rosnacych. IBL Zaktad
Genetyki i Fizjologii Drzew Les$nych. Sekocin.



