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Effects of brassinosteroid application on seed germination of Norway
spruce, Scots pine, Douglas fir and English oak
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Olga Nováková

We tested the influence of a synthetically-produced brassinosteroid compound
(2α,3α,17βtrihydroxy-5α-androstan-6-one) on seed germination in Norway
spruce, Scots pine, Douglas fir and English oak. Before germination, 400 seeds
of each species were steeped in a brassinosteroid solution and then placed for
germination in a growth chamber under (i) optimal humidity and (ii) temporary
drought stress (except for oak). Drought stress significantly reduced the germination capacity and germination rate in the control treatments of Norway
spruce, Scots pine and Douglas fir. Nonetheless, the application of brassinosteroid significantly reduced the drought-stress effects in seeds of Norway
spruce and Scots pine. The drought-stressed Douglas fir did not respond positively to the brassinosteroid application. English oak was germinated only
under the optimal humidity regime and no differences in germination were
detected between the control and brassinosteroid-treated acorns.
Keywords: Plant Hormones, Germination Percentage, Germination Rate, Picea
abies, Pseudotsuga menziesii

Introduction

Rapid, synchronous full-capacity germination is an important component of commercial seedling production in forestry (Liu
et al. 2013). Seeds germinated over a protracted period will generate seedlings with
different requirements across the crop,
thus the growing measures will be inevitably ill-suited for part of the seedlings (Himanen & Nygren 2014). Germination problems in nursery may lead to a reduction in
quality of the resulting plants and to an
increase in length of the production cycle
(O’Reilly & Doody 2006) or may even result
in a loss of part of the nursery crop.
Seed germination problems are often related to adverse microclimatic conditions.
Moisture availability after sowing is one of
the most important factors affecting seed
germination in the nursery (O’Reilly & Doody 2006). However, a full control of the soil
moisture is not always possible (e.g., after
direct seeding on a forest site or even in
open outdoor nursery beds), thus drought
stress may occur. Our hypothesis was that
a pre-sowing application of chosen brassi-

nosteroid compounds might improve germination parameters of seeds subjected to
drought stress.
Brassinosteroids (BRs) are a group of
plant hormones that are important regulators of a number of the plant physiological
processes (Krishna 2003, Bajguz & Hayat
2009). They can interact with other hormones as well as with environmental stimuli (Sasse 1997). The first BR was isolated in
1979 from rapeseed (Brassica napus L.) pollen. At that time, 40 mg of the active substance was extracted from 40 kg of pollen
(Grove et al. 1979). The discovery of BRs
promoted an intensive research on these
plant hormones (Choudhary et al. 2012).
Nowadays, around 70 different BR-compounds have been successfully isolated
from plants, mostly in free form, but also
conjugated to sugars and fatty acids (Bajguz 2007, Bajguz & Hayat 2009). BRs structure is closely related to animal steroid hormones (Clouse 2002, Krishna 2003). They
occur in many plant species (Sasse 1997,
Zullo & Kohout 2004) and are present in
various parts of the plant, such as pollen,
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seeds, leaves, flowers (Rönsch et al. 1993),
roots (Kim et al. 2010) and also in insect
galls (Yokota et al. 1982). Their content is
commonly higher in young and growing
plant tissues than in older mature tissues
(Clouse 2002).
BRs are able to influence plant growth
and cell division even at very low concentrations (Ikekawa & Takatsuto 1984), thus
affecting growth performances. BRs are
also able to promote plant resistance to
pathogens and diseases (Wang 2012, Ali et
al. 2013), as well as various stress factors
(Müssig et al. 2005, Divi et al. 2010). Moreover, BRs can influence plants’ architecture, flowering and shedding of leaves
(Gudesblat & Russionova 2011). The positive effects of BRs on seed germination (Li
et al. 2005, Kartal et al. 2009) provided an
important incentive to conduct this study.
Up to now, the applied research on BRs
was conducted mainly in agriculture (see
Choudhary et al. 2012 for a review). Research aimed at evaluating the potential of
these phytohormones in forestry are rather sporadic (Li et al. 2005), and almost
missing on European forest tree species.
A new BR-compound (2α,3α,17β-trihydroxy-5α-androstan-6-one) patented in 2003
(Kohout et al. 2003) has a production cost
markedly lower than that of many natural
BRs. The aim of the paper is to assess the
effects of this new BR-compound on seed
germination of four commercially important forest tree species (Podrázský et al.
2014, Remeš & Zeidler 2014). Its effects
were investigated under conditions of optimal humidity and temporary stress induced
by short-term drought during early germination.
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Tab. 1 - Characteristics of the seed lots used in the present study. (1): Based on climatic characteristics of the forest vegetation (alti tudinal) zones of the original seed sources; (2): western Bohemia. (n/a): not available.
Species
Code of seed source
National seed lot code
Seed ripened
Seed source location
Mean annual temperature (°C)1
Mean annual precipitation (mm)1
Weight of 1000 pure seeds (g)
Number of pure live seeds per 1 kg

Douglas fir
SIA-473341
CZ/9999/19/2011
2009
USA; Washington,
Snoqualmie
n/a
n/a
10.175
86530

Material and methods

Tab. 1 summarizes the main information
on the seed lots investigated in this study,
including the following species: Douglas fir
(Pseudotsuga menziesii [Mirbel] Franco),
Scots pine (Pinus sylvestris L.), Norway
spruce (Picea abies [L.] Karst.) and English
oak (Quercus robur L.). Prior to the launch
of the experiment in April 2011, conifer
seeds were stored in vacuum-sealed plastic
bags at 2-3.5 °C in the dark. For coniferous
species, no cold stratification was conducted before the start of the experiment.
No detailed information was available on
the acorn storage. Considering the year of
ripening (2009), they were probably stored
frozen at about -1 to -3 °C (Suszka et al.
1996, Hoffmann et al. 2007). The acorns
were supplied in moist sand. In the laboratory, the sand was washed off; the acorns
were put into water and those floating
were discarded. Immediately before the
experiment, random samples of seeds
were established for each species after
hand-mixing of seeds; thus germination
tests were conducted using pure seed lots.
For each species, two different treatments were chosen: (i) the control; (ii) the
brassinosteroid treatment. Except for English oak, seeds were subjected to two humidity regimes: (i) the optimal humidity
regime (unstressed regime); and (ii) the
drought-stressed regime (Tab. 2).
Before germination, the seeds were sterilized in sodium hypochlorite (1% solution)
for 10 min and then thoroughly rinsed. For

Scots pine
CZ-3-3-BO-79-6-2-P
CZ/3206/6/2007
2006
Czech Republic,
WB2, Plzen
7.5-8.0
600-650
7.137
123580

Norway spruce
CZ-2-2B-SM-3735-6-3-P
CZ/3204/1/2010
2009
Czech Republic,
WB2, Plzen
6.5-7.5
650-700
7.743
97172

English oak, a third of each acorn was cut
off at the cup scar end and the pericarp
was removed in order to overcome seed
dormancy (Bonner & Vozzo 1987), according to the Czech’s and International seed
testing rules (CNI 2006, ISTA 2015). Subsequently, the BR-treated seeds were immersed into BR solution (0.1 mg l-1) for 48 hours
at room temperature (20 °C). The brassinosteroid (2α,3α,17β-trihydroxy-5α-androstan-6-one) was synthesized by PHPchem
Co. Ltd. (Neratovice, Czech Republic). Similarly, the control seeds were immersed into
distilled water for 48 hours at 20 °C. Germination tests on conifer species were conducted in a growth chamber, while the oak
acorns were tested in a thermostatic room.
The conifer seeds were germinated on two
layers of filter paper (50 g m -2) soaked by
distilled water in transparent plastic vessels 6.5 × 9 × 3.5 cm. Acorns were placed
about 2 cm deep inside a 4cm-thick layer of
sterilized sand in small drained racks (40 ×
30 × 10 cm) that were lined with propylene
water-permeable mulch (50 g m-2) at the
bottom and on the sidewalls. As for Douglas fir, Scots pine, and Norway spruce, the
germination process consisted of 21 oneday cycles (24 hrs), composed of dark periods of 16 hours at 20 °C and light periods of
8 hours at 30 °C. Light at about 3000 lux
was provided by means of cool white fluorescent tubes. The acorns (English oak)
were germinated only in darkness at 20 °C
in the moist sand for 28 days.
In the (unstressed) optimal humidity re-

Tab. 2 - Design of the experiment. (Code): treatment-regime combination code.
Species

Treatment

Regime

Douglas
fir

control

optimal humidity
drought-stressed
optimal humidity
drought-stressed
optimal humidity
drought-stressed
optimal humidity
drought-stressed
optimal humidity
drought-stressed
optimal humidity
drought-stressed
optimal humidity
optimal humidity

brassinosteroid
Scots
pine

control
brassinosteroid

Norway
spruce

control
brassinosteroid

English
oak
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control
brassinosteroid

Code
CO
CS
BO
BS
CO
CS
BO
BS
CO
CS
BO
BS
CO
BO

Seeds
(n)
400
400
400
400
400
300
400
200
400
400
400
400
400
400

Replications
(n)
8
8
8
8
8
6
8
5
8
8
8
8
4
4

English oak
CZ-1-2C-DB-388-6-3-P
CZ/3201/1/2009
2009
Czech Republic,
WB2, Plzen
6.5-7.5
650-700
n/a
n/a

gime applied to conifer species, the relative air humidity ranged between 90-92% inside the testing vessels (Tab. 2). The seeds
were placed on water-soaked filter paper
and the vessels were cupped with lids. Contrastingly, vessels in the drought-stressed
regime were left uncapped and exposed to
conditions with 58-62% relative air humidity
for 48 hours (two one-day cycles) at the
beginning of the germination. Subsequently, the filter paper was re-soaked and the
drought-stressed seeds were sprayed with
distilled water; vessels were then cupped
and the regime was shifted to that of the
optimal humidity. English oak seeds were
excluded from the drought-stressed regime. The acorns were placed in moist
sand (about 12-15% of humidity by weight),
which avoided any temporary drought.
To achieve uniformity of conditions during the course of the experiment, the germination process of all tested species was
ran simultaneously. The full experimental
design including the numbers of seeds and
replications for each treatment-regime
combination is described in Tab. 2. Each
replication was placed in a separate vessel
(conifers) or rack (English oak).
For the tested conifers, germinated seeds
were counted on the 7th, 14th, and 21st day
after the start of germination. For oaks, an
additional count was taken on the 28th day.
The duration of the drought-stressing
regime (48 hours) in the stressed treatments was included in the total duration of
germination.
Conifer seeds were considered completely germinated when their radicle was
four times the length of the seed coat and
no abnormalities were apparent. Acorns
were scored as germinated when both
radicle and shoot exhibited growth and
leaves started to develop. The germinated
seeds were removed from the vessels/
racks. For the purpose of this study, the
germination capacity of filled seeds was
defined as the percentage of seeds that
had germinated during the test (i.e., over
a period of 21 and 28 days for conifers and
oak, respectively). The germination energy
of filled seeds was defined as the percentage of the completely germinated seeds
recorded on the 7th day after the beginning
of the experiment. The numbers of empty
and dead seeds were determined after the
iForest 10: 121-127

test completion by cutting open the seeds
that failed to germinate.
To compare the percentage of germinated seeds between the treatment-regime combinations, the test of homogeneity of binomial distributions was applied by
multiple comparisons (α = 0.05). Differences in the relative germination frequency among treatments were tested
using the formula described by Agresti et
al. (2008), which was originally used for
calculating confidence intervals of differences in probabilities. Using this approach,
the null hypothesis about equality of two
compared binomial proportions is rejected
when (eqn. 1):
|p^ i− p^ j|
⋅√ 2 ≥Q T (α )
se

Fig. 1 - Cumulative percentage of germinated Norway spruce seeds in the control and
brassinosteroid treatment recorded 7, 14, and 21 days after the beginning of germination under optimal humidity or drought-stressing regime. Error bars represent 95%
confidence intervals. Different letters indicate significant differences (p < 0.05) between the means.

where QT(α) is the critical value of Studentized range distribution for the chosen significance level and an infinite number of
degrees of freedom, while p̂ i and p̂j are the
probabilities of success (germination) in stressed). For English oak, the Student’s
the compared treatment-regime combina- t-test was applied (α = 0.05) to test for diftions, which were computed as follows ferences between treatments.
(eqn. 2):
Results
( y +1)
( y +1)
p^ i= i
, p^ j = j
(ni +2)
(n j +2)
where yi and yj are the numbers of successes (completely germinated seeds), ni
and nj are the numbers of observations
(number of all seeds within a treatmentregime combination that were subjected
to the germination test minus number of
empty seeds within the respective treatment-regime combination) and se was calculated as (eqn. 3):

Norway spruce

The germination of untreated Norway
spruce seeds was significantly affected by
the exposure to the drought stress (Fig. 1).
The results also showed a markedly positive effect of brassinosteroids on germination under drought-stressing conditions. At
the end of the germination process, seeds
under drought-stress treated with the brassinosteroid (BS combination) showed almost four-times higher germination (cumup^ i (1− p^ i ) p^ j (1− p^ j )
lative germination percentage on the 21st
se=
+
day) than the control seeds exposed to
ni +2
n j +2
drought stress (CS combinations). The apSeed germination rate (GR) was calcu- plication of the brassinosteroid also signifilated for each species as the sum of values cantly increased the germination capacity
obtained by dividing the weekly percent- under optimal humidity regime.
ages of completely germinated filled seeds
by the number of days the seeds had been
left in the growth chamber, using the following formula (adapted from Maguire
1962 – eqn. 4):

√

(

GR=

GP1 GP 2
GP n
+
+...+
Δt 1 Δ t 2
Δtn

Scots pine

Germination of untreated Scots pine
seeds was significantly reduced by the
exposure to the drought stress (Fig. 3). The
application of the brassinosteroid completely counterbalanced such effect, keeping the germination percentage of stressed
brassinosteroid-treated seeds (BS) similar
to that observed for untreated control
seeds under optimal humidity regime (CO).

)

where n is the week of counting, GPn is the
percentage of completely germinated filled
seeds in the n-th week, Δtn is the number of
days elapsed from the beginning of the
experiment (7, 14, 21 days, and 28 for oak
only).
The Kruskal-Wallis test (α = 0.05) was applied to test for differences in germination
rates among treatment-regime combinations in Norway spruce, as the data were
not normally distributed. Two-way analysis
of variance was used to compare germination rates of Scots pine and Douglas fir,
where the first factor was the treatment
(control vs. brassinosteroid) and the second one was regime (optimal vs. droughtiForest 10: 121-127

Similar results were achieved for the germination rate (Fig. 2). The highest germination rate (3.4) was recorded in the BO
treatment-regime combination, while the
lowest (0.6) was recorded in the control
subjected to drought stress (CS). These
two treatment-regime combinations differed significantly. The germination rates
recorded in the CO and BS combinations
were similar (2.7 and 2.6, respectively) and
did not differ either from BO or CS combinations.

Fig. 2 - Growth rates calculated from the germination tests carried out for a period of
21 days in conifers and 28 days in English oak. The statistical procedures applied and
the p-values obtained are reported for each species. (T): treatment; (R): regime; (TR):
T×R interaction. Different letters following mean values denote significant differences (p < 0.05) after the multiple comparisons of treatment-regime combinations
within each species. Error bars represent the standard deviation.
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Fig. 3 - Cumulative percentage of germinated Scots pine seeds in the control and
brassinosteroid treatment recorded 7, 14, and 21 days after the beginning of germina tion under optimal humidity or drought-stressing regime. Error bars represent 95%
confidence intervals. Different letters after the values indicate significant differences
between the means (p < 0.05).

Fig. 4 - Cumulative percentage of germinated Douglas fir seeds in the control and
brassinosteroid treatment recorded 7, 14, and 21 days after the beginning of germina tion either under optimal humidity or drought-stressing regime. Error bars represent
95% confidence intervals. Different letters indicate significant differences between the
means (p < 0.05).

regime (CO).
The germination rate of Scots pine seed
lots was significantly affected both by the
treatment (p = 0.011) and the regime (p =
0.004), as well as by their interaction (p <
0.001). The germination rate of the BRtreated seeds under optimal humidity
regime (BO) was reduced in comparison
with the control seeds germinated under
optimal humidity regime (CO). Under
drought stress, however, the applied BR
significantly expedited seed germination.
The germination rate of the droughtstressed BR-treated seeds (BS) was almost
comparable to the germination rate recorded in the CO, whereas the germination
rate of the control seeds under drought
stress (CS) was more than 6 times lower
than that of the control seeds incubated
under optimal humidity regime (CO).

Douglas fir

The impact of drought stress on Douglas
fir germination was obvious and significant
(Fig. 4). However, it was markedly less pronounced than in the case of Norway spruce
and Scots pine (Fig. 1, Fig. 3, Fig. 4).
The bar chart in Fig. 2 suggests that the
effect of BR application on Douglas fir germination rate was rather inhibitory (regardless of the humidity regime considered),
though not significant (p = 0.11). On the
other hand, the drought stress significantly
inhibited the germination rate (p < 0.001)
in Douglas fir. No interaction between the
treatment and regime was found (p =
0.86). The highest germination rate was
detected for the control seeds germinated
under optimal humidity regime (CO). The
BO, CS and BS treatment-regime combinations showed lower values than CO (100%)
by 13.8%, 31% and 41.4%, respectively.

English oak

English oak was incubated only under the
optimal humidity regime. The application
of brassinosteroid did not affect the germination of acorns. The proportion of germinated seeds in the control and BR treatment remained almost equal in all the four
counting dates (Fig. 5). Moreover, the germination rate of acorns (Fig. 2) did not differ between the control and BR treatment
(p = 0.94).

Discussion

We tested the effects of 2α,3α,17β-trihydroxy-5α-androstan-6-one on seed germination of three native and one introduced
forest tree species commonly used in Central-European forest management. The effects of the brassinosteroid application on
Fig. 5 - Cumulative percentage of germinated English oak seeds in the control and
seed germination (except for oak) were
brassinosteroid treatment recorded 7, 14, 21 and 28 days after the beginning of germiexamined in combination with temporary
nation under the optimal humidity regime. Error bars represent 95% confidence interdrought stress, as could often occur after
vals. Different letters indicate significant differences (p < 0.05) between the means
direct seeding at a forest site or in small
after Student’s t-test.
forest nurseries with limited access to artificial irrigation.
Interestingly, and in contrast to Norway (BO) showed significantly lower germinaA positive effects of BRs on seed germispruce, pine seeds treated with the brassi- tion capacity (by 12%) than the control nation has been reported for various spenosteroid under optimal humidity regime seeds germinated under optimal humidity cies in the literature. For example, Leub124
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ner-Metzger (2001) suggested that BR
treatment promoted growth potential of
embryos in tobacco (Nicotiana tabacum L.)
seeds. Treating barley (Hordeum vulgare L.)
seeds with BRs accelerated germination
and development of primary and seminal
roots (Kartal et al. 2009) as well as growth
of juvenile seedlings in the greenhouse and
growth chamber (Gregory 1981). A stimulating effect of BRs on seed germination
was also documented in Arabidopsis Heinh.
by Steber & McCourt (2001), who proposed that BRs play a role in antagonizing
seed dormancy. Yamaguchi et al. (1987)
reported that brassinosteroids improved
germination of aged rice (Oryza sativa L.)
seeds and seedlings emergence. Srivastava
et al. (2011) described a positive effect of
BRs on germination of moong bean (Phaseolus aureus Rox.).
As regards with the effects of BRs on
plants under stressing conditions, Wilen et
al. (1995) found only a slight increase in
freeze tolerance (by 3-5 °C) of smooth bromegrass (Bromus inermis Leyss) cell cultures treated with BRs, but cell viability
after exposure to high temperature stress
was markedly enhanced by the treatment.
Dhaubhadel et al. (1999) reported that
oilseed rape (Brassica napus) and tomato
(Solanum lycopersicum) seedlings grown in
the presence of 24epibrassinolide were significantly more tolerant to a lethal heat
treatment than the control seedlings
grown in the absence of the BR compound.
Vardhini & Rao (2003) reported that brassinosteroids were able to reverse inhibitory
effect of osmotic stress induced by 20% Polyethylene Glycol (simulating drought
stress) on germination of sorghum (Sorghum vulgare Pers.) seeds. The application
of brassinosteroids to rice (Oryza sativa L.)
seeds reduced the impact of salt stress in
the initial period after germination (Anuradha & Rao 2003). The addition of BR significantly alleviated the negative impacts
of NaCl on germination of cucumber (Cucumis sativus L.) seeds (Wang et al. 2011).
Drought-stress tolerance of wheat (Triticum aestivum L.) induced by brassinosteroids was reported by Sairam (1994). Despite the stressing conditions mentioned
above are not directly comparable, and the
methods used in testing seed germination
often differ among studies, it has been suggested that drought, high temperature and
salinity stresses are often interconnected
and may induce similar cellular damage
(Bajguz & Hayat 2009).
The effect of BRs application on seeds of
forest tree species has been scarcely studied. Li et al. (2008) investigated the effect
of BR treatments on one-year-old seedlings
of black locust (Robinia pseudoacacia L.).
Their results suggest that the BR treatment
could reduce water stress and enhance
drought tolerance. They achieved the best
results using a solution with BR concentration of 0.2 mg l-1. Li et al. (2005) stated that
soaking the seeds in a brassinolide (a natural brassinosteroid) solution (0.4 mg l-1) for
iForest 10: 121-127

2 days improved the germination rate (GR)
and germination energy (GE) of tree-ofheaven (Ailanthus altissima [Mill.] Swingle)
by 17.6 and 18.7%, respectively. According
to the study by Li et al. (2002), GR and GE
increased by 23.1% and 14.9%, respectively,
using a solution of natural brassinolide at
0.05 mg l-1 in Chinese red pine (Pinus tabulaeformis Carr.), while in black locust (Robinia pseudoacacia L.) the use of a solution at
0.01 mg l-1 increased GR and GE by 10.9%
and 15.9%, respectively.
In this study, we tested 0.1 mg l-1 concentration of the BR compound on seeds of
four forest tree species. The results differed significantly depending on the species and humidity regime. For Norway
spruce and Scots pine, its effects under the
optimal humidity regime were less distinct
than under drought stress. More specifically, differences in germination capacity
were found also under optimal humidity,
indicating a favorable effect of the BR
treatment in Norway spruce, but a detrimental effect in the case of Scots pine.
However, under drought stress, the effect
of BR treatment in comparison with the
control were decidedly more evident. For
both Norway spruce and Scots pine, the
effect of BR treatment under drought
stress were positive in terms of both germination capacity (Fig. 1, Fig. 3) and germination rate (Fig. 2). For Scots pine, such
effect was slightly negative under optimal
humidity whilst definitively positive under
drought stress (Fig. 3, Fig. 2). As for English
oak seeds, the germination of the control
and BR-treated seeds did not differ under
optimal humidity (Fig. 5, Fig. 2). In general,
these results are in accordance with the
findings by Krishna (2003) who suggested
that the favorable effect of brassinosteroids on plant germination and growth is
more obvious under stress and less evident
under optimal conditions.
As regards Douglas fir, seed germination
seems to be affected more by the humidity
regime than by the BR treatment. Indeed,
a slightly negative response to the BR
treatment was found for this species,
though this was not statistically supported.
Nonetheless, the germination rate of the
BR-treated seeds was detectably lower in
comparison to the control, regardless of
the humidity regime (Fig. 2). Similarly, the
BR treatment of Douglas fir showed a
noticeably lower (though not significant)
germination capacity under drought stress
than the control (Fig. 4). In this context, it
is worth to notice that Douglas fir was the
least drought-affected species among all
those considered.
The concentration of BR in the solution
used for soaking the seeds could partly
explain the different responses observed
in this study among the species considered. Indeed, seeds of different species
may react differently to similar BR concentrations. Germination of Ailanthus altissima
was most effectively promoted with
0.4 mg l-1 BR concentration (Li et al. 2005),

while Robinia pseudoacacia and Pinus tabulaeformis showed the best germination at
0.1 and 0.05 mg l-1, respectively (Li et al.
2002), and a BR concentration as low as
0.01 nM (~ 0.005 mg l-1) was most effective
to improve germination and seedling
growth of tomato under phenanthrene
stress (Ahammed et al. 2012). Furthermore,
the different history of the different seed
lots used in this study (in terms of age,
storage conditions, etc.) could also have
played a role in the different responses
among species to the BR treatment.
The low germination of unstressed Norway spruce seeds in our study was probably the result of dormancy after storage,
as such species usually show better germination (Nowakowska & Rakowski 2002,
Hoffmann et al. 2007). This assumption is
supported by the relatively high percentage of viable ungerminated seeds at the
end of the germination test (47% and 33%
for the CO and BO treatment-regime combinations, respectively). The cold stratification (moist chilling) might have increased
the germination capacity (Youngblood &
Safford 2008). Moreover, the illumination
intensity during the experiment could also
have played a role in determining the low
germination observed for Norway spruce
seeds (Leinonen & Rita 1995). However,
this does not impair the results of the comparison between the BR-treated and control Norway spruce seeds, as seeds in both
treatments were sampled from the same
seed lot and were subjected to the same
humidity regimes.
The germination capacity of the tested
(unstressed and BR-untreated) Scots pine
seeds showed values similar to those
reported in other studies from Central Europe (Kamra & Simak 1968, Hoffmann et al.
2007). However, the cold stratification of
seeds (moist chilling) might increase the
germination capacity of the species (Krugman & Jenkinson 2008). As for Douglas fir,
the germination capacity and the germination energy of unstratified seeds recorded
in this study correspond to data presented
by Houšková & Martiník (2015). The low
germination rate of unstratified Douglas fir
seeds has been well documented (Edwards
& El-Kassaby 1995). Our results suggest
that the BR treatment cannot substitute
the cold stratification treatment in conifer
species (Hoffmann et al. 2007, Youngblood
& Safford 2008, Houšková & Martiník
2015). The lower germination capacity of
English oak seeds might have been the
result of worse quality of the seed lot used,
as well as of the duration and regime of
storage.
In general, our study suggests that the BR
application can reduce the impact of
drought stress on seed germination of Norway spruce and Scots pine. However, these
preliminary findings should be verified on
a large number of seed lots. Cold stratification (moist chilling) might be desirable to
achieve better physiological homogeneity
of seed lots, although this pre-treatment is
125
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not prescribed for Norway spruce and
Scots pine by Czech technical rules (CNI
2006) before seed testing.

Conclusions

Drought stress significantly reduced germination capacity and germination rate of
the tested seed lots of Norway spruce,
Scots pine and Douglas fir. The application
of BR in our study was effective in counteracting the drought-stress effects on the
tested seeds in Norway spruce and Scots
pine. However, Douglas fir drought-stressed seeds did not respond positively to the
BR treatment. English oak was not subjected to drought-stress, and the germination of the control- and BR-treated acorns
did not differ under optimal humidity.
Under optimal humidity regime, the effect
of BR treatment was positive only in the
case of Norway spruce.
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