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Abstract The aim of this study was to determine the
efficiency of methods for the artificial scarification of black
locust seeds based on the influence of the air and liquid
nitrogen temperatures. Three populations were selected for
the analyses: a managed tree stand, a selected seed stand
and a seed orchard. Samples of 200 seeds (4 9 50) were
randomly selected. Before scarification, the seeds were
stored at -70 C for 24 h. Nine different scarification
treatments were evaluated. To calculate the germination
capacity and the dynamics of germination, observations
were made on days 3, 5, 7, 10 and 14 after treatment. For
statistical analyses, we used repeated measures analysis of
variance. The obtained results indicated that the highest
scarification efficiency for black locust seeds occurred in
the treatment in liquid nitrogen and in an air temperature
range of 85–90 C. The provenance of seeds had a significant effect on the dynamics of germination. Thermal
methods and the use of liquid nitrogen can be alternatives
to the labour intensive methods of cutting the seeds or
using measures that require specialised equipment.
Keywords Fabaceae  Dormancy  Germination
dynamics  Repeated measures
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Introduction
The genus Robinia includes 19 botanical taxa, with eight
classified as species and the others as natural hybrids or
varieties (Rédei 2013; Zaja˛czkowski 2013). The current
natural range is North America, although in the Oligocene
and Miocene, certain species of the genus were also found
in central Europe (Pacyniak 2003).
Black locust is acclimated to Poland (Pacyniak 1981)
and is selected for use in midfield forests and in the production of wood raw material on plantations of fastgrowing trees (We˛gorek and Kraszkiewicz 2005; Zaja˛czkowski 2007; Zaja˛czkowski and Wojda 2012). Currently,
black locust occurs most frequently in the fresh mixed
broadleaved and fresh mixed coniferous forest sites in
Poland (43 and 32%, respectively). On land under state
forestry management, black locust is found in 88,500 forest
subcompartments that cover a total of 273,000 ha (Wojda
et al. 2015). Nevertheless, because of the alien origin and
tendency for expansive growth that characterise the species, black locust is a potential threat to native phytocoenoses (Danielewicz and Wiatrowska 2012; Gazda 2012;
Kowalewski 2013). Despite the potential threat, black
locust is subject to the Program zachowania leśnych
zasobów genowych i hodowli selekcyjnej drzew leśnych w
Polsce (Program for the conservation of forest genetic
resources and tree breeding in Poland for the years
2011–2035), which anticipates a further increase in the size
of the seed base for the species (Program 2011). Studies are
also being conducted on the biological and environmental
determinants to optimise the biomass production of black
locust wood plantations for industrial and energy uses
(Kraszkiewicz 2013).
Black locust reproduces sexually and asexually by
underground runners (Cierjacks et al. 2013). The first
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flowering occurs at the age of 5–6 years, with the flowers
pollinated by insects, primarily honeybees. The fruit is a
pod that matures in autumn. A pod contains 4–10 dark
brown seeds without endosperm that are 4–6 mm in length.
Every 1 or 2 years, a good crop of seeds is produced (Olson
and Karrfalt 2008). Seeds can be stored for 10 years or
more at a temperature of 0–5 C (USDA Forest Service
1974; DeGomez and Wagner 2001). The soil seed bank of
black locust can be as high as 2000 seeds per m2, with
germination that may occur over several decades (Cseresnyés and Csontos 2012).
The commercial use of seeds requires pre-treatment
before sowing to break exogenous dormancy due to the
structure of the seed coat, which is impermeable to water
and gases (Nikolaeva et al. 1985; Olson and Karrfalt 2008).
Moreover, the imbibition and course of processes that are
essential for germination are inhibited in the dormancy
stage (Lewak 2002). The impermeability of the seed coat,
understood as physical dormancy, is a very important
ecological mechanism to ensure that germination occurs
only in conditions favourable for seedling growth (Bewley
1997; Borkowska 2004; Falińska 2002; Baskin and Baskin
2009; Willis et al. 2014). However, this phenomenon is
undesirable when seeds are intended for commercial use in
forest practise (Mondoni et al. 2013). To break the dormancy of seeds, the seed coat must be damaged. Under
natural conditions, the seed coat can be damaged by either
low (frosts) or high temperatures (fires) or by the activity of
the soil microflora (Jackson and Strait 1987; Lewak 2002).
Three methods are currently used to scarify black locust
seeds at an economic scale, i.e., mechanical, chemical and
thermal (Chapman 1936; McKeever 1937; Hanna 1983;
DeGomez and Wagner 2001; Baskin 2003; Mirzaei et al.
2013). This study proposes a new method for artificial
scarifying black locust seeds by using very low temperatures (liquid nitrogen) or high temperatures (incubator).

Materials and methods
Seed collection and initial preparation
Mature, dry seeds were collected in autumn 2013 from the
forest districts Krosno and Mieszkowice (Western Poland;
Table 1). The choice of location of objects was associated
Table 1 Location of seed
collection sites in western
Poland

with a significant share of black locust in the stands
growing in this part of Poland. Seeds represented a seed
orchard (SO), a selected seed stand (SSS) and a managed
tree stand (MTS). Selected objects were different, in terms
of their forest management type and the level of selection
form—from the lowest (MTS) to the highest (SO). Seeds
were mechanically husked from the pods. The empty and
immature seeds were separated with the pod remains to
obtain pure seeds. Seeds were weighed to an accuracy of
0.01 g on an analytical balance.
Seed coat impermeability
Unscarified seeds were used to determine percentage of the
seeds germinated without any treatments. To determine the
potential germination of samples, part of the seed coat was
manually damaged by a scalpel incision, and the seeds
treated with this mechanical scarification were the control
treatment (MS). To determine percentage of seeds able to
germinate without any treatment in each provenances
(MTS, SSS, SO), we placed fresh seeds on filter paper in
Jacobsen apparatus. Observations were made by 14 days.
As in case of treatment seeds, we counted germinated seeds
in 3, 5, 7, 10 and 14 days after beginning of the test (ISTA
2013).
Scarification methods
Effect of eight scarification methods on germination of
black locust was tested: mechanical scarification with a
scalpel (MS), liquid nitrogen (LN) and air temperature
(T) at 85, 90 and 95 C with two variants of time (t) of 10
and 20 min (T85_t10, T85_t20, T90_t10, T90_t20,
T95_t10 and T95_t20). Four replicates of 50 seeds selected
randomly per populations were used in each treatment (3
populations; 9 variants—8 scarification methods and 1
variants with non-scarification seeds; 4 replicates—in total
5400 assessed seeds). Before treating them, the seeds were
put in a freezer at -70 C for 24 h (seeds treated by
thermal-time scarification methods). In the liquid nitrogen
treatment, the seeds were not previously frozen. The
scarified by thermal scarification-time methods seeds then
were placed in the incubator depending on the time–temperature variant. A constant temperature was achieved
using a Eurotherm 91e incubator (Carbolite—company).

Type

FD

FR

Coordinates

SSS

Krosno

Radomicko

N52080 24.1; E14550 14.3

SO
MTS

Krosno
Mieszkowice

Ge˛stowice
Rudnica

0

Area (ha)

0

N5209 49.5; E1454 52.4
N52510 31.5; E14110 40.7

3.18
5.65
1.31

SSS selected seed stand, SO seed orchard, MTS managed tree stand, FD forest district, FR forest range

123

Eur J Forest Res (2017) 136:471–479

473

The seeds scarified in LN method were kept in liquid
nitrogen for 10 s.

Germination test
After thermal and mechanical scarification, the seeds were
tested for germination at 24 C on a Jacobsen’s germination apparatus for 14 days, as suggested by Załe˛ski (2000)
and ISTA (2013). Observations were made on days 3, 5, 7,
10 and 14 after treatment.

Results

Statistical analyses
In order to determine whether the seed in each populations
is able to germinate without scarification and to test whether there are significant differences among populations,
the ANOVA (one way analysis of variance) was
performed.
The final germination capacity was calculated using the
following formula:
Ns
FGC ¼ 100%
N

ð1Þ

where Ns is the number of germinated seeds and N is the
number of total seeds.
Germination capacity among populations and scarification variants was analysed according to a fixed general
linear model as it follows:
GCijk ¼ l þ Pi þ Mj þ PMij þ eijk ;

ð2Þ

where GCijk is the percentage of germinated seeds of the ith
provenance, under the jth scarification, l is the overall
mean, Pi is the ith provenance effect, Mj is the jth scarification effect, PMij is the provenance 9 treatment interaction effect, and eijk is the experimental error.
The dynamics of germination capacity were observed
throughout the experiment for each treatment adopted with
respect to scarification and the provenance of the seeds. To
determine the dynamics of germination capacity for the
seed, i.e., the changes in the mean germination in time,
depending on the scarification and the provenance of the
seeds, we used a repeated measures analysis of variance,
according to the following linear model:
GDijkl ¼ l þ Pi þ Mj þ Tk þ PMij þ PTik þ MTjk
þ PMTijk þ eijkl

experimental error; the other effects are the same as in
model 2.
Percentage data used in all the above mentioned analysis
of variance were transformed using Bliss’s transformation
(arc-sin transformation). Differences among the means
were analysed by Tukey’s honestly significant difference
(HSD) tests. p B 0.05 was considered the significance
threshold in this study. The analyses were carried out using
the SAS 9.4 software (SAS Institute 2013), and MIXED
procedure was followed (Littell et al. 1996).

Seed coat impermeability
Significant differences were observed in germination
capacity of unscarified seeds among provenances (F = 6.6;
p = 0.017). In MTS provenance, significantly more seeds
germinated (15.5%) than in the SSS (5.0%)—Fig. 1.
Final germination capacity
Based on analysis of variance, significant differences were
detected among the provenances (P), thermal-time scarification methods (M) and P 9 M interaction (Table 2). The
MTS was characterised by the highest final percentage of
germinated seeds (mean ± SD; 92.4% ± 3.01; Table 3),
followed by the SSS (87.4% ± 8.63). While of the seeds
harvested on the SO, only 77.7% (±12.18) germinated,
which was significantly less than the other provenances.
At the end of the test, the optimum results were obtained
using the MS and LN methods (germination capacity 91.8
and 91.2%, respectively, Table 3). Among the thermaltime scarification methods, the variants T85_t10 and
T85_t20 were the most effective (germination capacity
89.2 and 89.8%, respectively). For both time variants,

ð3Þ

where GDijkl is the percentage of germinated seeds of the
ith provenance, under the jth scarification treatment and on
the kth day of the trial, PTik is the provenance 9 day of the
trial interaction effect, MTjk is the treatment 9 day of the
trial interaction effect, PMTijk is the provenance 9 treatment 9 day of the trial interaction effect, and eijkl is the

Fig. 1 Percentage of germinated and non-germinated seeds of black
locust collected from three sites. MTS managed tree stand, SSS
selected seed stand, SO seed orchard. Means (germinated seeds) with
the same lowercase letter are not significantly different at p B 0.05
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95 C had a negative effect on the germination of black
locust seeds, and maintaining this high temperature for
10 min resulted in a decrease in seed germination capacity
to 79.8%, with the decrease to 70.7% at 20 min. The seeds
scarified at -195.8 C (LN) were characterised by a very
high germination capacity, regardless of the origin. However, at the end of test, the mean germination capacity of
seeds scarified by LN method, which reached 91.2%, did
not differ significantly from the germination capacity of
seeds treatment by MS and most of the thermal variants,
except T95_t10 and T95_t20.
The significant decrease in germination capacity of
seeds from the SSS and SO was also found after the
treatment by air temperature of 95 C for 10 or 20 min
when compared to seeds from the MTS. Seeds from MTS
retained a high germination ability after the T95_t10 and
T95_t20 treatments (Table 3).

(interactions P 9 T and M 9 T, in both cases p \ 0.001).
However, there were no significant differences in dynamics
of germination of seeds from the different provenances,
even when they were scarified using different methods
(interaction P 9 M9T, p = 0.83). The ANOVA results for
3rd model revealed the importance of the (P) and (M) effects and their interaction M 9 P (Table 4). However, due
to the fact that in the 3rd model the results of variation in
time (interaction P 9 T and M 9 T P 9 M 9 T) for us
were the most important the effects of P, M, M 9 P variation was not be further discussed.
On the third day of incubation, significantly poor germination of seeds from all temperature–time and LN
variants was observed compared to the MS treatment
(Fig. 2). However, LN variant had a higher germination
than T85_t10, T90_t10, T95_t10 and T95_t20 variants
though no significant differences were observed among
treatments.

Germination dynamics of seeds
Depending on the provenance of seeds and scarification
treatment, the germination capacity was significantly
affected by time duration of the thermal treatment
Table 2 ANOVA table for the final germination capacity
Model
effect

Num DF

Denom DF

F

p

Table 4 ANOVA table for the dynamics of seed germination
capacity
Model effect

Num DF

Denom DF

F

p

P

2

360

440.87

\0.001

M

7

360

81.27

\0.001

4

360

617.71

\0.001

14

360

16.96

\0.001

T
M9P

P

2

72

54.85

\0.001

P9T

8

360

13.03

\0.001

M

7

72

17.00

\0.001

M9T

28

360

4.36

\0.001

14

72

3.89

\0.001

P9M9T

56

360

0.81

0.832

P9M

P, provenance; M, scarification method; Num DF, numerator degrees
of freedom; Denom DF, denominator degrees of freedom; F test
statistics; p, p values

Table 3 Final germination
capacity (FGC) of black locust
seeds for different scarification
methods

Scarification methods

P provenance, M scarification method, T time duration, Num DF
numerator degrees of freedom, Denom DF denominator degrees of
freedom, F test statistics, p p values

FGC (%) mean ± SD
MTS

MS
LN

SSS

94.0 ± 0.00ab
95.0 ± 3.46

a

SO

94.5 ± 4.12a
92.5 ± 3.00

ab

91.8 ± 4.19A

b

91.2 ± 4.65A

b

86.0 ± 1.63

93.0 ± 2.00
94.0 ± 3.27a

93.0 ± 1.15
88.0 ± 2.83a

81.5 ± 5.26
87.5 ± 5.97a

89.2 ± 6.64A
89.8 ± 3.62A

T90_t10

86.0 ± 5.89ab

93.5 ± 4.73a

77.5 ± 10.38b

85.7 ± 8.01AB

T95_t10
T95_t20
Total for provenances

94.5 ± 1.91

a

92.5 ± 1.91

a

90.0 ± 6.00

a

92.4 ± 3.01

a

a

87.0 ± 8.41b

T85_t10
T85_t20
T90_t20

a

Total for scarification
methods

88.5 ± 4.43

ab

80.0 ± 4.32

b

69.5 ± 3.00

b

87.4 ± 8.63

b

b

88.5 ± 6.00A

b

79.8 ± 12.75B

82.5 ± 3.42
67.0 ± 6.83

c

70.7 ± 18.78C

52.5 ± 4.12

c

77.7 ± 12.18

Means with the same lowercase letter within a row or means with the same uppercase letter within a column
are not significantly different at p B 0.05. SD standard deviation, MTS managed tree stand, SSS selected
seed stand, SO seed orchard, MS mechanical scarification, LN liquid nitrogen. T85_t10—85 C (air temperature) by 10 min, T85_t20—85 C by 20 min, T90_t10—90 C by 10 min, T90_t20—90 C by 20 min,
T95_t10—95 C by 10 min, T95_t20—95 C by 20 min

123

Eur J Forest Res (2017) 136:471–479

475

Germination Rate [%]

100,0
80,0
60,0
40,0
20,0
0,0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Time [days]
MS

LN

T85_t10

T85_t20

T90_t10

T90_t20

T95_t10

T95_t20

Fig. 2 Germination dynamics of seeds treated with different scarification methods. MS mechanical scarification, LN liquid nitrogen.
T85_t10—85 C (air temperature) by 10 min, T85_t20—85 C by

20 min, T90_t10—90 C by 10 min, T90_t20—90 C by 20 min,
T95_t10—95 C by 10 min, T95_t20—95 C by 20 min. Bars are
standard deviations (SD)

On the fifth day of the incubation, the germination of
mechanically scarified seeds was still maintained a significantly higher germination compared to seeds treated with
time-thermal methods. However, the differences among
seeds of MS and LN variants were not significant. In the
fifth day, the seeds of T85_t10, T90_t10, T95_t10 and
T95_t20 variants still germinated to a significantly lower
percentage compared to LN. However, there were no significant differences between the same time–temperature
variants. A week after incubation mechanically scarified
seeds germinated to a significantly higher percentage than
scarified seeds in different time-thermal variants. Similarly
like after the fifth day, no significant differences were
observed between MS and LN variants. The seeds scarified
artificially with liquid nitrogen, germinated to a significantly higher percentage than the seeds from all thermaltime variants. However, even after 7 days from incubation,
mechanically scarified seeds had a lower cumulative germination than the LN seeds. On tenth day of the incubation,
the inhibition of the dynamics in germination of scarified
mechanically seeds has been found. No significant differences were observed between MS and time-thermal variants. However, a significant increase in the percentage of
germination of seeds which were scarified in LN has been
also observed comparing to all methods, including MS. For
time-thermal methods, after 10 days from incubation significantly higher germination of seeds was only found for
T85_t20 variant comparing to seeds of T95_t20 variant. At
the end of the test, after 14 days, there were not found any
significant differences between MS and LN variant and a
time-thermal variants, except for T95_t10 and T95_t20
variants. Seeds scarified in T95_t10 and T95_t10 variants,
germinated to a significantly lower percentage compared to
MS and LN variants. Germination of seeds scarified in

variant T95_t10 was also significantly lower compared to
seeds of T85_t20 variant. However, T95_t20 variant had a
lower germination than T85_t10, T85_t20, T90_t10 and
T90_t20 variants.
On the third day of the incubation, significant differences were observed between the analysed populations
(Fig. 3). The highest percentage germination was found in
MTS population (47.1%). The lowest percentage germinated seeds were found in SO (31.6%). This trend was
continued until the end of the incubation period. After
14 days of incubation, there was no significant differences
observed between MTS and SSS populations, whose seeds
germinated significantly better than the seeds from SO.

Discussion
The seeds of black locust are characterised by a hard seed
coat that is impermeable to water and gases. Thus, for this
species, the natural seed dormancy is entirely physical (i.e.,
seed hardness). Physical dormancy is characteristic for
several families of plants, one of the largest of which is
Fabaceae (Baskin and Baskin 2009). Physical dormancy
increases the resistance to microbiological infection (Dalling et al. 2011), extends the vitality of the seeds (Mohamed-Yasseen et al. 1994) and is favourable for
maintaining the soil seed bank (Shen-Miller et al. 1995).
To break physical dormancy of seeds, the activity of
microorganisms or high (fires) and low (frost) temperature
cues are required (Dunn 1939; Cremer and Mount 1965;
Dell 1980, Waldron et al. 2007). When the seed coat is
damaged, water enters the seed and thereby initiates the
process of germination. However, the proportion of seeds
capable of germination without any treatment is typically
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low, as demonstrated by the average level of 10.8%
obtained in this study (Fig. 1).
The germination capacity of seeds not subjected to
scarification during the current study was similar to that
recorded by Mondoni et al. (2013) and Tylkowski and
Grupa (2010). For economic purposes, scarification treatment is applied to seeds before sowing to increase the
germination rate. Common scarification methods include
treating seeds in water baths at temperatures that range
from 60 up to 98 C (Bärtels 1982; Terpiński 1984; Singh
et al. 1991; Tylkowski and Grupa 2010), with sulphuric
acid (Olson and Karrfalt 2008) or with methods that
physically damage the seed coat (Khadduri and Harrington
2002; Zaja˛czkowski 2007; Mondoni et al. 2013).
However, to date, the effectiveness of these methods has
not always proved satisfactory. The application of temperatures that are too high may destroy seeds, whereas the
use of concentrated sulphuric acid requires special equipment and protective measures. Singh et al. (1991) reported
that the best alternative to the application of sulphuric acid
is the submersion of seeds in boiling water, or mechanical
scarification. In their study, burning openings in the seed
coat using a heated needle was also applied. According to
these authors, with the exception of submersion in sulphuric acid, the most effective method of scarification of
black locust seeds is cutting or burning openings in the
seed coat. However, because cutting and burning are very
arduous methods, they are only applicable to laboratory
conditions or for small-scale forest nurseries. Singh et al.
(1991) suggested that the use of boiling water is more
effective for those nurseries that operate at larger scales.
Giuliani et al. (2015) reached similar conclusions in a study
of the effects of pre-sowing treatment and temperature on
the germination of seeds from various provenances of
black locust from Tuscany. In that study, the best results
were obtained after the mechanical incision of the seed
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SSS

SO

coat. However, they reported that use of boiling water for
20 min significantly decreased the germination capacity.
Studying the efficiency of different scarification methods for the seeds of six different species in the family
Fabaceae, Mondoni et al. (2013) reported that specialised
scarifying instruments, scarifiers, were highly suitable.
Investigating different methods of scarification of black
locust seeds of Polish provenances, Tylkowski and Grupa
(2010) also concluded that mechanical methods are
apparently the most effective. According to these authors,
such methods are less risky because they are safer and
reduce the losses caused by damage to seeds. Additionally,
mechanical methods are less labour intensive than thermal
and chemical methods. Tylkowski and Grupa (2010)
obtained a germination capacity for black locust seeds after
mechanical scarification in the range of 87.9–96.3%,
compared with the low germination rate of 40.1% with the
use of thermal scarification (in water). Similar to the results
of those authors, in the current study, the seeds from the
SSS and SO were more affected by the scarification
methods than were those in the MTS.
Without scarification, the seeds of black locust germinated to a very low level of approximately 10–20%
(Tylkowski and Grupa 2010, Mirzaei et al. 2013, Mondoni
et al. 2013). Similarly, in our investigations, unscarified
seeds germinated in the range of 5–12%, regardless of their
provenance (Fig. 3). This indicates black locust possess
relatively constant amount of non-dormant seeds. On the
Hokkaido island, when Masaka and Yamada (2009)
examined the variability of germination capability of black
locust trees, it was stated as well the existence of individual
variability of this trait of seeds. Black locust is a species
that produces dimorphic seeds regarding the thickness of
the seed coat (Baskin and Baskin 2009), and in a single set
of seeds, both ‘‘hard’’ and ‘‘soft’’ seeds can be identified.
‘‘Hard’’ seeds do not produce volatile compounds that
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allow rodents to find the location of the seeds, which is
related to the evolutionary adaptation of this species to
increase reproductive success (Paulsen et al. 2013). The
sensitivity to time–temperature treatments was also most
likely dependent on the thickness of the seed coat; therefore, coat thickness determined susceptibility to the high or
low temperatures.
In our study, high and low temperatures and the temperature of liquid nitrogen were used to scarify the seeds of
black locust. Dry heat is effective in breaking physical
dormancy in seeds of a number of species, but the appropriate dry-heat treatment should be determined by experimentation to find the combination of temperature and
duration of treatment that results in high germination percentage but not in death of the embryo (Baskin and Baskin
2009). In our study, the seeds were frozen at -70 C and
then placed in a temperature above 85 C, which led to
thermal shock, damage to the seed coat and an increase in
the level of germination up to 95.0%. The application of
high air temperatures in the range from 85 to 90 C for 10
and 20 min under controlled conditions obtained uniform
germination and a high efficiency of sowing in the nursery.
The germination evenly spread over time; it is very
important for nursery production. It allows to schedule
work at forest nursery and obtain a uniform seeding
material.
The effect of high temperatures on breaking the physical
dormancy of seeds was also studied inter alia by Mott et al.
(1982), Thanos et al. (1992) and Chawan (1971). For most
species, breaking seed dormancy requires a few minutes at
a temperature of approximately 100 C. Narang and
Bhardwaja (1974) and Brown and Booysen (1969) found
that by drying seeds at high temperatures cracks formed in
the layer of palisade strophiole in Tephrosia appolina and
Acacia spp.; however, Cavanagh (1987) questioned whether the cracks caused by the effect of warm air were
sufficiently deep for water to reach the embryos. According
to Cavanagh (1987), water would penetrate by the
strophiole and therefore improve germination.
The use of liquid nitrogen was a particularly noteworthy
method because it was quick to apply (immersion for only
10 s) and provided very good effects. Although the contact
of seeds with liquid nitrogen is short, micro-damages occur
to the seed coat, which allows water to penetrate into the
interior of the seed, with minimal risk of damage to the
embryo. Additionally, prolonging the duration for which
seeds are immersed in liquid nitrogen does not improve the
germination capacity (Eynard 1960; Brant et al. 1971). The
disadvantages of using liquid nitrogen include the relatively high cost and the possibility of the phenomenon of
seedlings with abnormal growth (Pritchard et al. 1988;
Wiesner et al. 1994). In the opinion of authors, the use of
liquid nitrogen for scarification of black locust beans does
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not require any special equipment. It is not as well very
expensive treatment. Currently, it is possible to provide the
liquid nitrogen directly to particular forest nursery and use
it without keeping it for long.
When the effectiveness of methods for the scarification
of black locust seeds is evaluated, the influence of seed
origin is rarely considered (Tylkowski and Grupa 2010;
Giuliani et al. 2015). In this study, significant differences
were found among the germination capacities of seeds
from the different provenances. It is, however, rather the
feature of individual than characteristic for a specific
population (Masaka and Yamada 2009).
The unexpected low germination capacity of seeds from
the SO is also an unexplained result. The entire seed orchard
consisted of only a few grafts, with only two clones of mother
trees that possessed fruits. Therefore, the seeds examined did
not fully represent the seeds from the seed orchard.
Moreover, insects pollinate black locust; however, the
pollination pattern within a plantation is unknown, in
addition to the intensity of flights of pollinators (honeybees). Therefore, based on the distribution of fruiting
grafts, the inference is, with high probability, that selfpollination processes have been repeated, with the result
that the seeds formed, in general, are incapable of germination (Yuan et al. 2014).

Conclusions
•
•

•
•
•

•

Seeds not treated with scarification are characterised by
much lower germination capacity.
Average germination capacity can depend on the
management of forest stands or their type of
reproduction.
Uniform germination of seeds was obtained by using
liquid nitrogen for scarification.
Scarification of black locust seeds at 95 C for 10 or
20 min reduced the germination capacity.
Thermal scarification of the seeds of black locust was
most effective in the temperature range 85–90 C, with
exposure times of 20 and 10 min, respectively.
Thermal methods and the use liquid nitrogen may
provide alternatives to the labour intensive cutting of
seeds and methods that require the use of specific
equipment (e.g., soaking in sulphuric acid).
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