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Abstract
The critical transport velocity, dimensions (thickness, width, length), the angle of sliding friction and weight of
Scots pine seeds from three batches were determined. Seed color was assessed in using an organoleptic test, and seeds
were divided into three groups: gray, black and other. The measured parameters were used to calculate the arithmetic and
geometric mean diameter, aspect ratio, sphericity index, specific weight and density of seeds. The germination capacity
was estimated every 12 hours, and the germination rate was determined for each seed. The analyzed attributes were
compared by the Students t-test for independent samples, single classification analysis of variance and a correlation
analysis. The germination capacity was somewhat improved by eliminating seeds with the lowest thickness from the
examined material. The separation of seeds into color groups in an optical grader and individual processing of each
group proved to be economically unfeasible. The above approaches did not lead to a significant improvement in
germination capacity or germination uniformity. The percentage of non-germinated seeds was nearly twice higher in the
other group than in the remaining color groups.
Keys words : Scots pine seeds, physical properties, germination

Symbols:
C g  germination capacity, %, Da  arithmetic mean diameter, mm, Dg  geometric mean diameter, mm,m 
seed weight, mg, mD  specific seed weight, g·m-1 , R  aspect ratio, %, S n  seed loss, %, S  standard deviation of trait, T, W, L  seed thickness, width and length, mm, T g  time required to produce a healthy germ, day,
T o  time of germination test, day, W g  germination rate, v  critical transport velocity of seeds, m·s -1 ,V g 
germination viability, %, V s  coefficient of trait variability, %, x, x max, xmin  average, maximum and minimum
value of trait, C  angle of sliding friction, °, H  seed density, g·cm-3 , .  sphericity index, %.

Introduction
The Scots pine is a native to Europe and Asia
where it occupies vast territories. Its range stretches
from the Russian Far East to Denmark, the Elbe River
and northern Bavaria. In the west of its range, the
Scots pine occurs in the Scottish mountains, and in
2013, Vol. 19, No. 2 (37)

the south-west, it is found in the Pyrenees and the
Balkan Peninsula (Wright et al. 1966, Puchniarski 2008,
Turna and Güney 2009, Brus et al. 2011, Jaworski 2011).
In the Baltic countries, there are optimal conditions
for growth of Scots pine. This continental species
tolerates considerable temperature fluctuations. It
grows most on dry soils but occurs also in waterISSN 2029-9230
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logged areas and peatlands. The species thrives on
deep soils, sand, loamy sand and light loam (Puchniarski 2008, Jaworski 2011).
In dense forests, pine seeds can be harvested from
30-40-year-old trees, and trees growing in open space
begin to produce seeds already at the age of 10 years
(Puchniarski 2008, Jaworski 2011). The species produces an abundant seed yield every 3÷5 years (Zaùæski
1995), and cones can be sampled from at least 10-20%
of trees in every stand each year (Bodyù and Zaùæski
2005).
Tree nurseries use seeds with the highest germination capacity (Janson and Zaùæski 1998). According
to many authors (Kluczyñski 1992, Zaùæski 1995, Castro 1999, Skrzypczyñska and Skrzyszewski 2000,
Skrzypczyñska and Kozioù 2001, Buraczyk 2002, Moles
and Westoby 2003, Suùkowska and Zaùæski 2003, Bodyù et al. 2007, Sivacioðlu and Ayan 2008, Sevik et al.
2010, Sivacioðlu 2010), the yield potential and seed
quality are affected by different factors including geographical location, weather conditions during cone
and seed formation, genetic traits and age of the tree
stand, tree size, type of habitat and soil, prevalence
of diseases affecting cones and seeds, insect invasions and location of cones in the tree crown. Inadequate harvesting, storage and pre-sowing treatments
can lead to the spoilage of even top-quality seed
material (Janson and Zaùæski 1995, Zaùæski 1995, Aniúko et al. 2006, Bodyù et al. 2007, Tylek 2010). Scots
pine seeds with a moisture content of 7-9% are best
suited for short-term storage. For long-term storage,
the moisture content of Scots pine seeds should be
reduced accordingly by drying (Zaùæski 1995). Subject
to the location and year of harvesting, the critical
moisture content of Polish Scots pine seeds ranges
from 1 to 3% (Aniúko et al. 2006). Seed quality can be
enhanced by separating filled seeds from empty seeds.
Since empty seeds are considerably lighter, satisfactory results can be achieved with the use of pneumatic
separators (Sarnowska and Wiæsik 1998, Tylek 1999,
2000). Scots pine seeds do not require pre-sowing
treatment, but they can be stratified to encourage
germination (Barzdajn 1991, Janson and Zaùæski 1998).
There is a general scarcity of published data about
the correlations between the physical properties of tree
seeds and their germination capacity. The majority of
relevant research focuses on seed weight and its influence on the development of sprouts and seedlings
(Mikola 1980, Castro 1999, Shankar 2006, Upadhaya et
al. 2007, Wu and Du 2007, Norden et al. 2009, Buraczyk 2010). Subject to the analyzed seed species, the
observed correlations were directly or inversely proportional. The effect of selected physical attributes of
European larch (Kaliniewicz 2012a) and European
2013, Vol. 19, No. 2 (37)
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spruce (Kaliniewicz 2012b) seeds on their germination
capacity has been explored in the authors previous
work, and in this study, the above correlation is examined in Scots pine seeds.
Scots pine seeds comprise differently colored
seeds, including in material harvested from the same
tree (Zaùæski 1995, Aniszewska 2006), which has
prompted the authors to investigate potential differences in the germination capacity of variously colored seeds. The discussed correlation could have significant implications for the design of seed cleaning
and sorting processes. At present, the parameters of
seed processing equipment are selected intuitively
based on the results of cleaning trials, and seeds are
sorted into categories that reflect their plumpness
(Sarnowska and Wiæsik 1998).
The objective of this study was to determine the
correlations between the basic physical attributes of
Scots pine seeds (critical transport velocity, dimensions, angle of sliding friction, weight, arithmetic and
geometric mean diameter, aspect ratio, sphericity index, specific weight, density and colour) and their
germination capacity to eliminate low-quality seeds
and to improve germination uniformity.

Materials and Methods
The experimental material comprised three batches of Scots pine seeds supplied by the seed extraction plant in Ruciane-Nida (Poland). Seeds were harvested from cones collected in seed regions No. 206
and 456 in Mazury-Podlasie and Mazowsze-Podlasie
natural forest regions. The analyzed seed batches were
harvested from the following tree stands:
a) registration No. MP/1/24287/05, category of
seed propagation material: from an identified source,
type: tree stand, municipality: Ruciane-Nida (21.35°E,
53.40°N), region of origin: 206, forest habitat: fresh
mixed broadleaved forest, age: unknown, year of cone
harvest: 2011 (symbol: ZZ-11),
b) registration No. MP/1/24189/05, category of
seed propagation material: from an identified source
(deleted), type: tree stand, municipality: Mikoùajki
(21.32°E, 53.47°N), region of origin: 206, forest habitat: fresh mixed broadleaved forest, age: unknown, year
of cone harvest: 2007 (symbol: ZZ-07),
c) registration No. MP/3/41012/05, category of
seed propagation material: qualified, type: seed plantation, municipality: Ùomýa (22.04°E, 53.07°N), region
of origin: 456, forest habitat: fresh mixed broadleaved
forest, age: 12 years, year of cone harvest: 2010 (symbol: KW-10).
Seed batches were divided by halving (Zaùæski
1995) to produce research samples of around 100 seeds
ISSN 2029-9230
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each. The selected method produced samples of the
following size: ZZ-11  120 seeds, ZZ-07  117 seeds,
KW-10  121 seeds.
Critical transport velocity was determined in the
Petkus K-293 pneumatic classifier, seed dimensions
were determined by using the MWM 2325 workshop
microscope (length and width) and a thickness gauge,
the angle of sliding friction was measured on a horizontal plane with an adjustable angle of inclination,
and seed weight was determined on the WAA 100/C/
2 laboratory scale. All measurements were performed
according to the methods previously described by
Kaliniewicz et al. (2011, 2012a, 2012b).
Seeds were divided into colour groups by visual
examination. Seeds, which were uniformly coloured on
minimum 75% of their surface area, were classified as
gray or black. Samples that did not meet the above
requirements, including spotted and brown seeds, were
classified as the other colour group.
The measured parameters were used to determine
the following seed indicators:
a) arithmetic D a and geometric mean diameter Dg , aspect ratio R and sphericity index . (Mohsenin 1986):
Da =

T +W + L
3

(1)

1/ 3
Dg = (T ⋅ W ⋅ L )

(2)

W
× 100
L

(3)

(T ⋅ W ⋅ L )1/ 3 × 100

(4)

R=
Ö=

L

b) specific weight (Kaliniewicz 2013):
mD =

m
Dg

(5)

c) seed density H  was determined from seed volume
which was calculated experimentally by Kaliniewicz et
al. (2012c) with the use of a pycnometer:
ρ=

m
0.487 ⋅ T ⋅ W ⋅ L

(6)

In the germination test, seeds were placed on moistened filter paper in a glass tank covered with a glass
lid. The experiment was carried out at the recommended temperature range (20 to 30°C) under exposure to
natural light. Evaporated water was supplemented daily with a sprinkler, and filter paper was kept moist
throughout the experiment. Seed germination progress
was evaluated twice daily between 8 a.m. and 9 a.m. and
between 8 p.m. and 9 p.m. Seeds that produced a sprout
with a minimum length of 75% seed length were classified as germinated (Zaùæski 1995). Observations were
continued for 21 days. The germination rate index Wg
was determined with the use of the below equation:
2013, Vol. 19, No. 2 (37)

Wg =

To − Tn
To

(7)

Germination time was the time of observation
plus one day. In this experiment, germination time was
22 days.
Germination energy V g and germination capacity
C g were determined based on the ratio of the number
of seeds that had sprouted in 7 and 21 days to the
number of seeds in the analyzed sample.
The results were processed with the use of Statistica PL v. 10 application. Statistical calculations were
performed at significance level of a=0.05. The results
of parameter differentiation in every seed batch were
evaluated by ANOVA by decomposing the overall differentiation effect and expressing the quotient of mean
values in line with Fisher-Snedecor distribution. The
normality of each group was verified with the ShapiroWilk test, and equality of variances was checked with
Levenes test. Where the null hypothesis of equal population means was rejected, i.e. when:
F=

MSTreatment
≥ Fα
MS Error

(8)

multiple comparisons were performed post-hoc to narrow down the differences and identify homogenous
groups with the use of Duncans test. The differences in physical parameters and indicators calculated for
germinated and non-germinated seeds were determined
with the use of Students t-test for independent samples. A correlation analysis was performed to determine the strength and direction of correlations between
the analyzed parameters of Scots pine seeds. The
degrees of correlation were evaluated with the use of
Pearsons correlation coefficients (Luszniewicz and
Sùaby 2008, Rabiej 2012).

Results
The parameters of the analyzed seeds are presented in Table 1. The physical attributes of Scots pine
seeds from the three examined batches changed in the
following range of values: critical transport velocity
 of around 5.8 to around 8.5 m·s -1, thickness  of 1.04
to 1.89 mm, width  of 1.84 to 3.46 mm, length  of 3.10
to 5.55 mm, angle of sliding friction  of 24 to 56° and
weight  of 3.1 to 11.7 mg. The indicators calculated
based on the above attributes took on the following
values: arithmetic mean diameter  of 2.18 to 3.45 mm,
geometric mean diameter  of 2.00 to 3.15 mm, aspect
ratio  of around 47 to around 76%, sphericity index
 of around 50 to around 71%, specific seed weight 
of 1.67 to 3.78 g·m -1 and density  of around 0.6 to
around 1.1 g·cm-3 . In the group of analyzed attributes,
ISSN 2029-9230
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Table 1. Statistical distribution of the physical properties
of Scots pine seeds
Batch of
seeds

ZZ-11

ZZ-07

KW-10

Property /
indicator
v
T
W
L
ã
m
Da
Dg
R
Ö
mD
ñ
Wg
v
T
W
L
ã
m
Da
Dg
R
Ö
mD
ñ
Wg
v
T
W
L
ã
m
Da
Dg
R
Ö
mD
ñ
Wg

xm in

xm ax

x

S

Vs

5.78
1.04
2.01
3.17
24
3.6
2.23
2.02
46.57
52.75
1.67
0.664
0
5.78
1.14
1.84
3.10
26
3.1
2.18
2.00
48.14
50.70
1.55
0.623
0
5.23
1.16
2.15
3.42
30
4.4
2.34
2.17
48.65
49.69
2.00
0.734
0

7.98
1.60
2.97
4.84
49
8.0
2.93
2.72
69.40
66.93
3.18
1.041
0.841
8.53
1.73
2.83
4.87
56
8.5
3.02
2.77
70.44
68.23
3.11
0.979
0.864
8.53
1.89
3.46
5.55
46
11.7
3.45
3.15
75.94
70.53
3.78
1.065
0.818

6.93b
1.39c
2.43b
4.09b
34.2b
5.54b
2.63b
2.39b
59.67a
58.71b
2.30b
0.833b
0.673a
7.14a
1.45b
2.41b
4.06b
35.4b
5.60b
2.64b
2.41b
59.55a
59.73a
2.30b
0.816c
0.642a
7.22a
1.50a
2.68a
4.47a
36.7a
7.43a
2.88a
2.62a
60.22a
58.76b
2.81a
0.849a
0.686a

0.442
0.109
0.184
0.319
4.938
0.894
0.155
0.134
5.034
3.075
0.266
0.066
0.216
0.553
0.129
0.200
0.366
5.495
1.099
0.183
0.161
5.278
3.704
0.319
0.061
0.248
0.487
0.154
0.239
0.396
3.746
1.599
0.211
0.195
5.559
3.808
0.406
0.056
0.147

6.38
7.87
7.58
7.80
14.45
16.15
5.87
5.59
8.44
5.24
11.58
7.93
32.03
7.74
8.88
8.30
9.01
15.54
19.61
6.93
6.69
8.86
6.20
13.85
7.49
38.70
6.75
10.21
8.91
8.86
10.21
21.52
7.34
7.44
9.23
6.48
14.45
6.58
21.50

a, b, c  different letters denote significant differences

the highest coefficient of variation was reported for
seed weight, and in the group of calculated indicators
 for specific weight. The germination rate of Scots
pine seeds ranged from 0 to 0.864, and it was characterized by the highest coefficient of variation in the
group of analyzed attributes and indicators.
The results of an analysis of variance for a single classification component indicate that seeds from
the three examined batches differed in thickness and
density. No significant differences were noted between
the coefficients of proportionality or germination rates
of seeds from the evaluated batches. Significant differences in the remaining seed properties and indicators were determined only between seeds from the
same batches.
Germination capacity C g of seeds from batches
ZZ-11, ZZ-07 and KW-10 was determined at 93.3%,
89.7% and 96.7%, respectively, and their germination
2013, Vol. 19, No. 2 (37)
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energy V g  at 76.7%, 74.4% and 71.1%, respectively.
For the sake of simplicity, seeds from the analyzed
batches were incorporated into a single experimental
group with germination capacity C g=93.3% and germination energy V g=74.0%. The above seeds fulfilled the
requirements of Polish quality class II (PN-R65700:1998).
The results of the Students t-test for independent samples revealed that in most cases, germinated
seeds were characterized by higher average values of
physical parameters (excluding density) and the calculated indicators than non-germinated seeds, but significant differences were observed only with regard to
seed thickness (Table 2).
Table 2. Significance of differences in the
physical properties and calculated indicators of germinated and non-germinated
Scots pine seeds
Property /
Seeds
indicator
germinated non-germinated
v
7.11a
6.92a
T
1.45a
1.39b
2.51a
2.43a
W
L
4.21a
4.13a
ã
35.5a
34.0a
m
6.23a
5.70a
2.72a
2.65a
Da
Dg
2.48a
2.40a
R
59.87a
59.00a
Ö
59.11a
58.36a
mD
2.48a
2.34a
0.832a
0.839a
ñ
a, b  different letters denote significant
differences

The examined material comprised 21% gray seeds,
40% black seeds and 39% seeds from the other colour group (Figure 1). The physical properties and the
calculated indicators of seeds from different colour
groups are compared in Table 3. Gray, black and dif-

21%

39%
gray
black
other

40%

Figure 1. Percentage shares of different-coloured Scots pine
seeds
ISSN 2029-9230
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Table 3. Significance of differences in the
physical properties and calculated indicators of seeds from different colour
groups
Property /
indicator
v
T
W
L
ã
m
Da
Dg
R
Ö
mD
ñ
Wg

gray
7.13a
1.44ab
2.51ab
4.30a
35.1a
6.38a
2.75a
2.49a
58.70b
58.22b
2.53a
0.836a
0.707a

Seed color
black
7.13a
1.47a
2.55a
4.22ab
35.5a
6.40a
2.75a
2.51a
60.57a
59.53a
2.53a
0.830a
0.676ab

other
7.05a
1.43b
2.46b
4.14b
35.5a
5.88b
2.67b
2.43b
59.64ab
59.05ab
2.39b
0.833a
0.636b

a, b  different letters denote significant
differences

ferently coloured seeds did not differ with regard to
their critical transport velocity, the angle of sliding
friction or density. Gray and black seeds were most
likely to form homogenous groups based on the values of a given attribute or indicator. No significant differences in germination rate were noted between the
above groups, although gray seeds germinated somewhat earlier than black seeds. Significant differences
in germination rate were noted between gray seeds
and other seeds.

Z. KALINIEWICZ ET AL.

The results of the analysis of variance and Students t-test for independent samples of germinated
and non-germinated Scots pine seeds from differently
coloured groups are presented in Figures 2 and 3. In
most cases (excluding the critical transport velocity
of black seeds), no significant differences were observed between viable and non-viable seeds. Black and
other non-germinated seeds were generally characterized by lower average values, and gray seeds  by
higher average values of the analyzed parameters and
indicators. A comparison of the respective groups of
differently colored, germinated seeds revealed similar
correlations to those noted in the previous analysis.
In the group of non-germinated seeds, significant
variations were reported in the length of gray and
remaining (black and other) seeds and in the arithmetic mean diameter of gray and other seeds.
The results of a linear correlation analysis (Table
4) suggest that the germination rate index is not significantly correlated with the investigated parameters.
The separation of seed material into differently coloured groups had no effect on the above. An absence
of strong correlations between the analyzed traits and
the germination rate index was also demonstrated by
the variability of the studied relations. The value of
the germination rate index was directly proportional to
the analyzed parameters in selected seed colour
groups, whereas an inversely proportional relationship
was observed in other colour groups. Significant correlations were reported in the batch of seeds from the

Figure 2. Significance of differences between the
physical properties of Scots pine
seeds: A, B  different letters denote significant
differences
between seeds of a
given colour; a, b 
different letters
denote significant
differences
between germinated
and non-germinated seeds
2013, Vol. 19, No. 2 (37)
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Figure 3. Significance of differences between the indicators of Scots pine seeds: A,
B  different letters denote
significant differences between seeds of a given colour; a, b  different letters
denote significant differences
between germinated and nongerminated seeds
Table 4. Coefficients of Pearsons linear correlation between the rate of germination and
the physical parameters of Scots pine seeds
Variables

Correlation coefficients calculated for
seeds:

X

Y

gray

black

other

overall

Wg

v
T
W
L
ã
m
Da
Dg
R
Ö
mD
ñ

-0,024
0,146
0,146
0,150
-0,119
0,146
0,176
0,181
0,004
-0,016
0,127
-0,126

0,087
-0,015
-0,054
-0,065
-0,014
-0,063
-0,064
-0,051
0,006
0,031
-0,059
-0,007

0,017
0,215*
0,162
0,096
-0,195*
0,137
0,163
0,197*
0,057
0,088
0,123
-0,128

0,114*
0,105
0,079
0,057
-0,116*
0,066
0,087
0,103
0,018
0,035
0,060
-0,077

*  correlation coefficients higher than the
critical value

other colour group, but instances of practical significance, when the coefficient of correlation is at least
0.4, were not observed. In all seed batches, the germination rate index was correlated with seed critical
transport velocity and the angle of sliding friction.
However, correlation coefficients were generally low
and had no practical significance.
Histograms showing the distribution of the germination rate index for groups of differently coloured
seeds, analyzed individually and jointly, are presented in Figure 4. Those distributions are highly similar,
which indicates that the separation of seeds into differently coloured groups does not considerably im2013, Vol. 19, No. 2 (37)
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prove germination rate or germination uniformity
through time. The percentage of non-germinated seeds
was nearly twice higher in the other colour group
than in gray and black seed groups.

Discussion
The highest values of the coefficient of variation
of physical attributes were noted for seed weight (from
16.15 to 21.52%). For the remaining parameters, the
coefficient of variation was determined in the range
of 6.4 to 15.5%, which is consistent with the results
obtained by other authors (Czernik 1983a, Tylek 1998,
Bodyù and Zaùæski 2005, Sivacioðlu 2010). The range
of changes in the evaluated physical attributes and
their average values are similar to those reported for
Polish seeds in previous studies (Czernik 1983a, 1983b,
Wesoùy et al. 1984, Zaùæski 1995, Tylek 1998, Bodyù and
Zaùæski 2005, Bodyù et al. 2007, Buraczyk 2010, Kaliniewicz et al. 2011). The analyzed seeds were somewhat
lighter than the material originating from southern
Europe (Castro 1999, Sivacioðlu and Ayan 2008, Carrillo-Gavilán et al. 2010, Sevik et al. 2010, Sivacioðlu
2010), but they were heavier than the seeds from northern regions of the continent (Karlsson and Örlander
2002, Mikola 1980). According to Oleksyn et al. (2001),
the weight of Scots pine seeds is largely determined
by the local climate, and seeds originating from severe
climates are generally lighter. A similar correlation
between seed weight and the geographic location of
trees was reported for other tree species by Moles and
Westoby (2003).
ISSN 2029-9230
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Total

Gray

Black

Other

Frequency ofoccurrence [%]

70
60
50
40
30
20
10
0
0

0.001-0.1 0.101-0.2 0.201-0.3 0.301-0.4 0.401-0.5 0.501-0.6 0.601-0.7 0.701-0.8 0.801-0.9

W

g

[-]

Figure 4. Germination rate of Scots pine seeds sorted based on colour

Based on the mean values of the coefficient of
proportionality, Scots pine seeds appear to be most
similar to African star apple (Oyelade et al. 2005) and
acorn seeds (Foshat et al. 2011), whereas the mean
values of the sphericity index show the greatest resemblance to wheat (Kalkan and Kara 2011, Markowski
et al. 2013), African breadfruit (Omobuwajo et al. 1999)
and Jatropha curcas kernels (Karaj and Müller 2010).
The germination rate index Wg was characterized by significant variation in the range of 27 to 44%. Scots pine
seeds were characterized by lower variation in germination rates than European spruce (Kaliniewicz et al.
2012b) and European larch seeds (Kaliniewicz et al.
2012a). This implies that a large number of Scots pine
seeds germinate nearly at the same time, and the distribution of days on which sprouts appear is more
clustered in comparison with European spruce and
European larch seeds.
The differences in the thickness of germinated and
non-germinated Scots pine seeds suggest that seed
separation in screens with longitudinal mesh openings
and the use of selected seed fractions for sowing can
somewhat improve germination. When the seed thickness interval is set at T=1.2 mm, approximately 21% of
non-germinated seeds will be discarded together with
the fine seed fraction. Approximately 2.4% of healthy
sprouting seeds will be discarded, and the resulting
loss will account for around 3.6% of all seeds. The
proposed separation process will improve the quality
of seed material whose germination capacity will reach
C g =94.5% and germination energy Vg =75.9%.
2013, Vol. 19, No. 2 (37)

In the examined material, the percentage share of
black seeds and seeds from the other color group
was nearly identical, whereas the percentage of white
seeds was twice lower. The percentage share of black
seeds noted in this study is similar to that reported
by Aniszewska (2006), and the percentage of gray
seeds is lower than that found in material harvested
in Turkey (28 to 42%) (Sevik et al. 2010). The relevant
literature provides ambiguous and inconclusive results
regarding the correlations between the colour and
germination rate of seeds. Oliveira et al. (2013) analyzed parsley seeds and Ertekin and Kirdar (2010) investigated honey locust seeds to observe that lighter
seeds germinate earlier, whereas a reverse trend was
observed by Atak et al. (2008) in pea seeds. In our
study, light (gray) Scots pine seeds where characterized by the highest germination rate, which implies that
they sprouted faster than the remaining seeds (black
and other) in the first days of the germination test.
According to published data, seed weight affects
germination and seedling development in the first year.
The above applies to the seeds of the Scots pine (Castro 1999, Buraczyk 2010), white pine (Parker et al. 2007),
European spruce (Mikola 1980), silver fir (Sabor 1984),
jackfruit (Khan 2004), Prunus yenkinsii (Upadhaya et
al. 2007) and oaks (Bonfil 1998, Seiwa 2000, Khan and
Shankar 2001, Quero et al. 2007). Those correlations
were not observed by Szczygieù (1981) or in this study.
The absence of a significant correlation between the
weight and germination rate of seeds can be regarded
as a positive phenomenon, because it implies that
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seeds will have equal opportunities to germinate in the
natural environment, although large seeds may be
more often consumed by pests and animals (Moles et
al. 2003).

Conclusions
1.Germinated and non-germinated Scots pine
seeds differed significantly only with regard to their
thickness, which suggests that seed quality can be
improved by separating the smallest seeds in a sieve
with longitudinal mesh openings. This process leads
to the loss of germinated seeds, and it produces only
a minor improvement in germination capacity and germination energy, therefore, it should be applied only
when other seed processing methods are not available and when seed parameters reach the highest possible values in a given quality class.
2.No significant differences in critical transport
velocity, the angle of sliding friction or density were
observed between gray, black and other Scots pine
seeds. In comparison with non-germinated seeds, black
and other germinated seeds were characterized by
higher average values of physical parameters, including critical transport velocity, thickness, width, length,
the angle of sliding friction and weight, whereas gray
germinated seeds were characterized by lower average
values of the above parameters, but significant differences were observed only with respect to the critical
transport velocity of black seeds. Non-significant
variations in the parameters of germinated and nongerminated seeds from different colour groups indicate
that seed quality cannot be considerably improved by
separating seeds in an optical grader (based on seed
colour) or performing the separation process independently for every seed fraction.
3.The physical attributes and the calculated indicators of Scots pine seeds have no significant effect
on the germination rate index. None of the analyzed
traits can be regarded as a distinctive attribute based
on which seeds can be separated to improve their germination uniformity (germination in the same period
of time). The separation of differently coloured seed
groups and independent processing of each group does
not improve germination uniformity either.
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ÂÇÀÈÌÎÇÀÂÈÑÈÌÎÑÒÜ ÌÅÆÄÓ ÂÑÕÎÆÅÑÒÜÞ È ÂÛÁÐÀÍÍÛÌÈ ÊÀ×ÅÑÒÂÀÌÈ
ÑÅÌßÍ ÑÎÑÍÛ ÎÁÛÊÍÎÂÅÍÍÎÉ (PINUS SYLVESTRIS L.)
Ç. Êàëèíåâè÷, Ï. Òûëåê, Ï. Ìàðêîâ ñêèé, À. Àíäýðñ,
Ñ. Ôóðà

Ò. Ðàâà, Ê. Þçüâÿê,

Ðåçþìå
Îïðåäåëåíà êðèòè÷åñêàÿ ïåðåíîñíàÿ ñêîðîñòü, îñíîâíûå ðàçìåðû (òîëùèíà, øèðèíà è äëèíà), óãîë ñêîëüçÿùåãî
òðåíèÿ, ïëîòíî ñòü è óäåëüíàÿ ìàññà ò ð¸õ îïûòíûõ ïàðòèé ñ åìÿí ñîñíû îáûêíîâåííîé. Íà îñíîâàíèè
îðãàíîëåïòè÷åñêîãî àíàëèçà îöåíåí öâåò ñåìÿí, íà îñíîâàíèè òàêîãî àíàëèçà çàêâàëèôèöèðîâàíî ñåìåíà â îäíó èç òð¸õ
öâåòîâûõ ãðóïï: ñåìåíà ñåðûå, ñåìåíà ÷¸ðíûå è ñåìåíà äðóãèå. Ïîäñ÷èòàí àðèôìåòè÷åñêèé è ãåîìåòðè÷åñêèé
çàìåíÿþùèé äèàìåòð, ïîêàçàòåëü ïðîïîðöèè, ïîêàçàòåëü ñôåðè÷íîñòè, óäåëüíàÿ ìàññà è ãóñòîòà ñåìÿí. Äàëåå
ïðîâåäåíû èññëåäîâàíèÿ íà ïðîðàñòàíèå ñåìÿí, ýôôåêòû ïðîðàñòàíèÿ êîíòðîëèðîâàíî êàæäûå 12 ÷àñîâ, äëÿ êàæäîãî
ñåìåíè ðåãèñòðèðîâàëñÿ êîýôôèöèåíò âðåìåíè ïðîðàñòàíèÿ. Ïðîâåäåíî ñðàâíåíèå âûøå ïåðå÷èñëåííûõ ñâîéñòâ è
ïîêàçàòåëåé èñïîëüçóÿ òåñò ò äëÿ íåçàâèñèìûõ ïðîá, àíàëèçà ïåðâîé âàðèàöèè è êîððåëÿöèîííîãî àíàëèçà. Ðåçóëüòàòû
èññëåäîâàíèé ïîêàçàëè, ÷òî óâåëè÷åíèå ýôôåêòèâíîñòè ïðîðàñòàíèÿ ñåìåííîãî ìàòåðèàëà ñîñíû îáûêíîâåííîé â
íåáîëüøîé ñòåïåíè çàâèñèò îò òîëùèíû ñåìÿí (âûäåëåíî èç îáùåé ìàñû ñåìåííîãî ìàòåðèàëà ñåìåíà ñ ìèíèìàëüíîé
òîëùèíîé). Ñîðòèðîâàíèå ìàòåðèàëà ïðè ïîìîùè îïòè÷åñêîãî ðàñïðåäåëèòåëÿ íà äàííûå öâåòîâûå ãðóïïû ñåìÿí è
ïðîâåäåíèå ðàñïðåäåëèòåëüíîãî ïðîöåññà îòäåëüíî äëÿ êàæäîé èç íèõ ýêîíîìíî íåîïðàâäûâàåòñÿ, òàê êàê íå
ïîçâîëÿåò ïîëó÷èòü à íè óëó÷øåíèÿ ýôôåêòèâíîñòè âñõîæåñòè ñåìÿí, à íè óâåëè÷åíèòÿ â çíà÷èòåëüíîé ñòåïåíè
êîíöåíòðàöèè âñõîäîâ. Â öâåòîâîé ãðóïïå ñåìåíà äðóãèå, ïî ñðàâíåíèþ ñ äâóìÿ äðóãèìè ãðóïïàìè, îòìå÷åíî ïî÷òè
â äâà ðàçà âûñøèé ïðîöåíò ñåìÿí íåïðîðîñøèõ.
Êëþ÷åâûå ñëîâà: ñåìåíà ñîñíû îáûêíîâåííîé, ôèçè÷åñêèå ñîéñòâà, âñõîäû
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