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A b s t r a c t

Selected physical attributes of European larch seeds harvested from 2 seed plantations and
2 commercial seed stands in north-eastern Poland were determined. The physical properties of seeds
were measured, and the results were used to calculate indicators of seed weight and the frictional and
geometric properties of seeds. Physical attributes and indicators were compared by Student’s t-test
for independent samples, analysis of variance, correlation analysis and linear regression analysis.
The average values of physical properties and indicators were determined at: critical transport
velocity – from 5.93 to 6.13 m · s–1, thickness – from 1.25 to 1.43 mm, width – from 2.29 to 2.71 mm,
length – from 3.71 to 4.57 mm, angle of sliding friction – from 27.85 to 31.98o, weight – from 4.03 to
6.14 mg, coefficient of sliding friction – from 0.54 to 0.63, arithmetic mean diameter – from 2.42 to
2.90 mm, geometric mean diameter – from 2.20 to 2.60 mm, aspect ratio – from 59.60 to 62.38%,
sphericity index – from 57.27 to 59.40%, specific weight – from 1.81 to 2.33 g · m–1, volume – from 4.60
to 7.59 mm3 and density – from 0.82 to 0.91 g · cm–3. The material harvested in seed plantations
differed from seeds from commercial seed stands in all parameters, excluding critical transport
velocity. Seed weight was most correlated with the remaining parameters. The highest value of the
correlation coefficient and the equation with the highest value of the coefficient of determination
were reported for the dependence between seed weight and seed length. Seed weight was also
relatively highly correlated with seed width, therefore, the use of mesh screens with round openings
and/or cylindrical grain graders is recommended in seed sorting processes.

Symbols:
Da – arithmetic mean diameter, mm,
Dg – geometric mean diameter, mm,
m – seed weight, mg,
mD – specific seed weight, g · m–1,

* Correspondence: Zdzisław Kaliniewicz, Katedra Maszyn Roboczych i Metodologii Badań, Uniwer-
sytet Warmińsko-Mazurski, ul. Oczapowskiego 11/B112, 10-719 Olsztyn, phone: 48 89 523 39 34,
e-mail: zdzislaw.kaliniewicz@uwm.edu.pl



R – aspect ratio, %,
SD – standard deviation of trait,
T, W, L – seeds thickness, width and length, mm,
v – critical transport velocity of seeds, m · s–1,
V – seed volume, mm3,
x – average value of trait,
xmax, xmin – maximum and minimum value of trait,
γ – angle of static friction of seeds on steel, o,
μ – coefficient of static friction of seeds on steel,
ρ – seed density, g · cm–3,
Φ – sphericity index, %.

Introduction

Larch is a deciduous conifer that differs from other members of the pine
family in that it sheds its needles in winter. The European larch (Larix decidua
Mill.) is well adapted to the continental climate. In Poland, the optimal habitat
for the species is found in the High Tatra Mountains. The European larch
occurs sporadically in all Polish regions, mostly in artificial stands. The
European larch and other larch species occupy approximately 2% of total forest
area in Poland. The European larch is one of the most light-demanding trees of
the temperate climate. The taxon has medium soil requirements, and it thrives
on deep and medium-compact soils. The European larch grows best on soils
with moderate moisture content and does not tolerate significant fluctuations
in soil moisture (MURAT 2002, PUCHNIARSKI 2008, JAWORSKI 2011).

The European larch is a fast-growing species that can reach the height of
4.5 m already at the age of 5 years. The increase in height ends at the age of
15–25 years. Seeds can be harvested already from 15-year-old trees that grow
in open spaces, whereas dense stands begin to produce seeds at the age of
around 30 years. High seed yields are noted every 2–3 years or even every
6 years. Seeds mature in October-November, and cones are harvested between
November and February before they release seeds (ZAŁĘSKI 1995, MURAT 2002,
JAWORSKI 2011). In the natural habitat, seeds are released from the cone after
repeated bending and flexing of the scales, and in extraction plants, seeds are
removed from cones by a combination of thermal and mechanical extraction
methods (ZAŁĘSKI 1995, ANISZEWSKA 2009, 2010). European larch seeds with
moisture content of around 7% are suitable for short-term storage, but the
moisture content of material intended for longer storage has to be further
reduced (ZAŁĘSKI 1995).

European larch seeds do not require pre-sowing treatment, but soaking in
water improves seed germination (ZAŁĘSKI 1995). According to the literature,
(MIKOLA 1980, SABOR 1984, BONFIL 1998, CASTRO 1999, SEIWA 2000, KHAN,
SHANKAR 2001, KHAN 2004, PARKER et al. 2006, SHANKAR 2006, QUERO et al.
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2007, CASTRO et al. 2008, BURACZYK 2010), seed weight is one of the main
physical properties that affect germination efficiency of most seed species.
Seeds are difficult to sort based on this attribute. The correlations among seed
weight and other physical properties were analyzed in this study, and the
results were used to plan seed sorting processes.

The objective of this study was to determine the variations in and the
correlations among the physical properties and the calculated indicators of
European larch seeds obtained from seed plantations and commercial seed
plants to increase the efficiency of seed sorting processes.

Materials and Methods

The experimental material comprised four batches of European larch from
seed extraction plants in Jedwabno and Ruciane-Nida. Seeds were harvested in
2010 from selected seed stands and seed plantations in two forest regions of
north-eastern Poland. The analyzed batches were harvested from the following
tree stands:
a) registration No. MP/3/41221/05, region of origin – 157, municipality – Gar-

deja, geographic location – 53.67oN, 18.90oE, forest habitat – fresh mixed
forest, age – 12 years (symbol: PN-12);

b) registration No. MP/3/41106/05, region of origin – 103, municipality –
Braniewo, geographic location – 54.40oN, 19.83oE, forest habitat – fresh
mixed coniferous forest, age – 25 years (symbol: PN-25);

c) registration No. MP/2/30944/05, region of origin – 202, municipality –
Kowale Oleckie, geographic location 54.10oN, 22.25oE, forest habitat – fresh
forest, age – 129 years (symbol: WDN-129);

d) registration number – MP/2/30988/05, region of origin – 206, municipality –
Ruciane Nida, geographic location – 53.65oN, 21.53oE, forest habitat – fresh
mixed forest, age – 150 years (symbol: WDN-150).
Seed batches were divided by halving (ZAŁĘSKI 1995). The analyzed ma-

terial was halved, and one half was randomly selected for successive halving.
The above procedure was applied to produce samples of around 100 seeds each.
The analyzed seed batches had the following size: P-12 – 101, P-25 – 105,
WDN-129 – 109, WDN-150 – 120.

Critical transport velocity of European larch seeds was determined in the
Petkus K-293 pneumatic classifier, seed dimensions were determined with the
use of 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 equipped with a steel friction plate (GPS –
Ra = 0.65 μm), and seed weight was determined on the WAA 100/C/2
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laboratory scale. All measurements were performed according to the methods
previously described by KALINIEWICZ et al. (2011) and KALINIEWICZ and
POZNAŃSKI (2013).

The following indicators were determined for every seed:
– coefficient of static friction, based on the following general formula:

μ = tanγ (1)

– arithmetic Da and geometric mean diameter Dg, aspect ratio R and
sphericity index Φ (MOHSENIN 1986):

Da =
T + W + L

(2)
3

Dg = (T · W · L) (3)
1
3

R =
W

· 100 (4)
L

Φ =
(T · W · L)

· 100 (5)

1
3

L

– specific weight (KALINIEWICZ 2013):

mD =
m

(6)
Dg

– volume, based on the coefficient determined experimentally by KA-

LINIEWICZ et al. (2012b):

V = 0.42 · T · W · L (7)

– density:

ρ =
m

(8)
V

The results were processed with the use of Statistica PL v. 10 application
based on general statistical procedures, including Student’s t-test for indepen-
dent samples, one-way ANOVA, correlation analysis and linear regression
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analysis (RABIEJ 2012). Statistical calculations were performed at the signifi-
cance level of 0.05.

Results and Discussion

The parameters of the analyzed seeds are presented in Table 1. The lowest
average values of seed thickness, width, length and mass, arithmetic and
geometric mean diameter, specific weight and volume were reported in batch
PN-25. The lowest seed plumpness was noted in batch PN-25, and the highest
– in batch WDN-150. Seeds from selected seed stands were generally larger and
heavier than the material harvested from seed plantations. Critical transport
velocity values were generally consistent with those cited by KALINIEWICZ et al.
(2012a) and somewhat higher than those noted by CZERNIK (1983b) and TYLEK

(1999, 2004). The average seed dimensions and seed weight values were
comparable to those reported by CZERNIK (1983a), TYLEK (2004) and KA-

LINIEWICZ et al. (2012a). European larch seeds are similar in width to lodgepole
pine seeds (JOHNSON et al. 2003), the seeds of selected rye varieties (ZDYBEL et
al. 2009, KUSIŃSKA et al. 2010), oats, barley (HEBDA, MICEK 2007) and common

Table 1
Variations in the physical properties and the calculated indicators of the analyzed batches of

European larch seeds in view of significant differences in the examined traits

Batch of seeds

PN-12
x̄ ± SD

PN-25
x̄ ± SD

WDN-129
x̄ ± SD

WDN-150
x̄ ± SD

Property/
indicator

v 6.13 ± 0.74a 6.02 ± 0.47ab 6.06 ± 0.57ab 5.93 ± 0.57b

T 1.29 ± 0.15c 1.25 ± 0.14d 1.37 ± 0.16b 1.43 ± 0.16a

W 2.43 ± 0.29c 2.29 ± 0.30d 2.62 ± 0.32b 2.71 ± 0.29a

L 3.90 ± 0.42c 3.71 ± 0.47d 4.36 ± 0.53b 4.57 ± 0.62a

γ 27.85 ± 5.79b 31.52 ± 5.75a 31.18 ± 6.30a 31.98 ± 5.90a

m 4.75 ± 1.51c 4.03 ± 1.09d 5.67 ± 1.48b 6.14 ± 1.65a

μ 0.54 ± 0.13b 0.62 ± 0.15a 0.62 ± 0.16a 0.63 ± 0.14a

Da 2.54 ± 0.24c 2.42 ± 0.27d 2.78 ± 0.29b 2.90 ± 0.31a

Dg 2.30 ± 0.22c 2.20 ± 0.23d 2.50 ± 0.25b 2.60 ± 0.25a

R 62.38 ± 6.13a 62.16 ± 5.89a 60.43 ± 6.60b 59.60 ± 5.52b

Φ 59.11 ± 3.55a 59.40 ± 3.18a 57.48 ± 3.76b 57.27 ± 3.96b

mD 2.03 ± 0.51b 1.81 ± 0.36c 2.24 ± 0.41a 2.33 ± 0.46a

V 5.25 ± 1.43c 4.60 ± 1.42d 6.74 ± 2.01b 7.59 ± 2.13a

ρ 0.91 ± 0.16a 0.90 ± 0.15ab 0.86 ± 0.13b 0.82 ± 0.13c

a, b, c, d – different letters point to significant differences in the value of a property (indicator) across
seed batches
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Fig. 1. Significance of differences among physical properties and indicators of European larch seeds:
a, b – different letters indicate significant differences in the value of a property (indicator) across the

analyzed seed batches

flax (PRADHAN et al. 2010). The average angle of sliding friction of European
larch seeds, estimated in the range of 28o to 32o, resembles that of spelt seeds
(CHOSZCZ et al. 2010) and sorry seeds (OMOBUWAJO et al. 2000). European larch
seeds were similar to common flax seeds in their arithmetic and geometric
mean diameter (PRADHAN et al. 2010), whereas their sphericity index resem-
bled that of wheat (KALKAN, KARA 2011, KALINIEWICZ 2013, MARKOWSKI et al.
2013), Chrysophyllum albidum (OYELADE et al. 2005) and cocoa seeds (BART-
-PLANGE, BARYEH 2003).
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The physical properties and the calculated indicators of seeds harvested
from seed plantations (PN) and selected seed stands (WDN) are compared in
Figure 1. The analyzed seeds differed in all parameters, excluding critical
transport velocity. WDN seeds were more plump and were characterized by
significantly greater thickness, width, length, weight, arithmetic and geomet-
ric mean diameter, specific weight and volume. They were also characterized
by higher average angle of sliding friction and coefficient of sliding friction.
The values of the aspect ratio and the sphericity index were lower in WDN
seeds, which indicates that seeds harvested from seed stands were more
slender that the material collected from seed plantations. The above also
contributed to the lower density of WDN seeds.

A linear correlation analysis (Table 2) of selected properties that can be
potentially applied in separation processes indicates that the angle of sliding
friction was least correlated with the remaining attributes. Similar correla-
tions with the angle of sliding friction and other physical parameters were
observed in Scots pine seeds (KALINIEWICZ et al. 2011). Seed weight was most
correlated with the remaining physical attributes, and the highest value of the
correlation coefficient (0.823) was noted in a comparison of seed weight and
seed length. The weight of European larch seeds was also significantly
influenced by seed width and thickness. Similarly high correlation coefficients
were noted in fir (CZERNIK 1993), Scots pine (SIVACIOĞLU 2010), Aleppo pine
(MATZIRIS 1998) and black pine seeds (SIVACIOĞLU, AYAN 2010).

Table 2
Pearson’s coefficients of correlation between selected parameters of European larch seeds

Grupa nasion Property T W L γ m ρ

v 0.313 0.143 0.106 -0.108 0.580 0.595
T 1 0.511 0.542 -0.196 0.603 -0.314

PN W 1 0.702 -0.081 0.756 -0.119
L 1 -0.109 0.721 -0.193
γ 1 -0.145 0.001
m 1 0.337

v 0.231 0.074 0.076 -0.214 0.460 0.556
T 1 0.404 0.437 -0.306 0.566 -0.437

WDN W 1 0.714 -0.231 0.737 -0.330
L 1 -0.226 0.800 -0.276
γ 1 -0.343 -0.003
m 1 0.092

v 0.220 0.066 0.039 -0.169 0.423 0.575
T 1 0.546 0.580 -0.173 0.655 -0.421

Total W 1 0.772 -0.075 0.796 -0.291
L 1 -0.066 0.823 -0.309
γ 1 -0.155 -0.035
m 1 0.078

Values in bold indicate that the critical value of the correlation coefficient has been exceeded
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Relatively high correlation coefficients were reported among seed dimen-
sions and between seed weight and critical transport velocity. The noted values
are somewhat different from those observed in European larch seeds by
CZERNIK (1983a, 1983b), but they are similar to those reported in Scots pine
(TURNA, GÜNEY 2009, KALINIEWICZ et al. 2011), black pine (SIVACIOĞLU, AYAN

2010), fir (CZERNIK 1993) and small-leaved lime seeds (KALINIEWICZ,
POZNAŃSKI 2013).

According to the literature, seed weight influences seed germination and
seedling development in the first year of life (MIKOLA 1980, SABOR 1984,
BONFIL 1998, CASTRO 1999, SEIWA 2000, KHAN, SHANKAR 2001, KHAN 2004,
PARKER et al. 2006, SHANKAR 2006, QUERO et al. 2007, CASTRO et al. 2008,
BURACZYK 2010), and for this reason, only the dependences among seed weight
and the remaining physical properties of European larch seeds were deter-
mined in this study (Table 3). In the correlation analysis, the equation with the
highest value of the coefficient of determination (0.678) was reported in
a comparison of seed weight and seed length. Relatively high values of the
coefficient of determination were also noted for equations of seed weight as
a function of the remaining parameters (width and thickness). It should also be
noted that the above correlations were characterized by good fit to empirical
data, implying that they can be effectively used to plan separation processes of
European larch seeds. The results of the analysis can be applied to estimate the
working parameters of seed separation machines based on aerodynamic and
geometric attributes, mostly mesh screens (ZAŁĘSKI 1995, SARNOWSKA, WIĘSIK

1998).
Table 3

Correlations among seed weight and selected physical properties of European larch seeds

Equation Coefficient of determination R2 Standard error of estimate

m = 1.190v – 1.985 0.179 1.513

m = 6.513T – 3.542 0.429 1.261

m = 3.904W – 4.657 0.634 1.011

m = 2.199L – 3.957 0.678 0.948

m = 0.042γ – 6.482 0.024 1.649

For the needs of this analysis, it was assumed that European larch seeds
comprised light (m < 4.5 mg), medium (m = 4.5÷6.0 mg) and heavy seeds
(m > 6.0 mg). The distribution of seed fractions sorted based on seed thickness,
width and length is presented in a histogram in Figure 2. The results indicate
that seeds can be separated effectively based on differences in their width and
length. A sieve separator incorporating a mesh screen with round openings
measuring 2.6 mm in diameter can be used to separate 88% light seeds, 41%
medium seeds and only 7% heavy seeds. A cylindrical grader with indentations
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measuring 4.4 mm in diameter can potentially separate approximately 80%
heavy seeds, 25% medium seeds and 2% light seeds.

Fig. 2. Distribution of seed fractions based on seed dimensions: a – thickness, b – width, c – length
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Conclusions

1. European larch seeds harvested from seed plantations (PN) differed
significantly from the material obtained from seed stands (WDN) in all
physical parameters and indicators, excluding critical transport velocity. In
comparison with WDN seeds, PN seeds were characterized by smaller thick-
ness, width, length, angle of sliding friction, weight, coefficient of sliding
friction, arithmetic and geometric mean diameter, specific weight and volume,
but higher aspect ratio, sphericity index and density.

2. Seed length and seed weight were the most correlated parameters of
European larch seeds (correlation coefficient of approximately 0.8). The rela-
tionships among seed weight vs. critical transport velocity, seed thickness and
seed width, among seed density vs. critical transport velocity and seed thick-
ness, and among seed dimensions also produced high values of the correlation
coefficient (above 0.4).

3. European larch seeds are most effectively separated with the use of
mesh screens with round openings (seeds are separated based on width) and/or
cylindrical grain graders (seeds are separated based on length). The above
devices can separate more than 80% of heavy seeds and up to 7% of light seeds,
and they can be effectively used to improve germination efficiency and
germination rates of selected seed fractions.
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