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Abstract

Norway spruce is one of the most commonly used species for new forest
planting in Europe. It is planted in a large number of habitats, often without following
the previous results in the success of afforestation. In order to improve Norway spruce
afforestation, open field tests were established in which developmental phenophases
are monitored. The use of planting material of different provenances, which had not
previously been tested for habitat conditions, was often the cause of the decline of
newly planted forests. Early budburst of Norway spruce causes losses due to the
freezing of terminal buds. Norway spruce testing for different habitat conditions in
Bosnia and Herzegovina (B&H) was conducted at two ecologically different localities:
Srebrenica (eastern part of B&H) and Drini¢ (western part of B&H). During 3 years, the
budburst on the seedlings originating from 6 populations (Han Pijesak 1, Han Pijesak 2,
Foca, Olovo, KneZevo and Potoci) was monitored. The budburst dynamics was
monitored in 2013, 2015 and 2016 and it was recorded for each seedling in two
progeny tests. Seedlings from the KneZevo population budbursted the earliest. The
seedlings would start budburst on different days of the year, depending partly on the
temperature sums and their origin. The earliest budburst was recorded in 2013 (119t
day of the year in Srebrenica and 121 day of the year in Drini¢). During 2015 and
2016, the budburst started later (125" day in Srebrenica and 129" day in Drini¢).
Temperature cumulants indicate that a smaller sum of temperatures was required for
the buburst in the Srebrenica test than in the Drini¢ test. However, the temperature
sums did not clearly indicate the budburst pattern because they were different for
each observed year, but the populations ranking was almost the same. This indicates
the influence of some other variables on the budburst. The knowing of the data on the
budburst dynamics are a prerequisite for a successful selection of starting populations
from which planting material is produced and new forests are later planted.
Population KneZevo had the earliest budburst but population Han Pijesak 2 had the
latest budburst.
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1 Introduction

Planting new forests requires the application of knowledge acquired through
short-term and long-term field testing. Afforestation and reforestation in Europe and
the world require the use of planting material adapted to climate change with the
highest possible wood production and with minimal risks. Early budburst and late
budset raises the probability of damage caused by late spring and early autumn frosts
respectively (Heide 1985). Late frosts are one of the common reasons for unsuccessful
afforestation causing severe damage on seedlings or seedlings decay.

Norway spruce is considered to be one of the species with the longest
cultivation history (Skrgppa 2003). The total area under spruce forests in Europe is
estimated to be greater than 30 million hectares (Jansson et al. 2013). The species,
based on the latest genecological tests from Switzerland, is considered to be an
adaptive specialist. This means that the influence of the external environment has a
significant impact on the survival and physiological functions (Cvjetkovi¢ et al. 2015a;
Frank et al. 2017) due to its sensitivity to the change of ecological factors. It should be
considered when transferring it to other habitats and the dynamics of growth can be
very different (Jansone et al. 2020). A positive correlation between frost damage and
early budburst for many European Norway spruce provenances has been found
(Lundstréomer et al. 2020). Due to climate change, budburst starts earlier than before
(Lange et al. 2016; Allen et al. 2018; Liu et al. 2018). It is believed that the budburst
will begin 10 days earlier in the period 2051-2080 compared to 1971-2000 (Olsson et
al. 2017) when late spring frosts could be a more common problem due to earlier
budburst.

In general, plants have a survival mechanism that allows them to “sense” and
adapt to adverse environmental influences and to reproduce successfully (Howe et al.
2003; Rohde et al. 2011; Azeez and Sane 2015). Species with a longer period of bud
dormancy avoid damage caused by late spring frosts at the cost of a shorter period of
growth (Leinonen and Hainninen 2002; Hainninen and Tanino 2011; Basler and Kdrner
2012; Basler and Koérner 2014). Bud dormancy is a variable and at the same time
polygenic adaptive trait (Frewen et al. 2000; Rohde and Bhalerao 2007). It allows
plants to survive in times of dehydration and stress caused by low temperatures by
stopping their growth and development.

Different habitat conditions dictate the time of budburst, and thus the
reaction of plants in terms of a number of characteristics, including budburst. The
features that characterize the annual growth cycle, especially the beginning of growth
in spring and the end of growth, as well as the development of the resistance to
damage caused by low temperatures, were found to show significant variability at
provenance level (Krutzsch 1973; Skrgppa 1982; Beuker 1994; Hannerz 1994; Beuker
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et al. 1998; Skrgppa et al. 2007; 2010). Norway spruce shows matching geographical
patterns of the variation of budburst. The budburst dynamics depends on the latitude
and longitude of seed sources in Norway spruce, which indicates the local adaptation
of the populations to climatic conditions (Sg¢gaard et al. 2008; Busov et al. 2015;
Skrgppa and Steffenrem 2015).

The budburst dynamics can also be defined on a genetic basis (Johnsen et al.
2005; Yakovlev et al. 2006; 2008; 2014; 2017) and through epigenetic processes
(Kvaalen and Johnsen 2008; Sggaard et al. 2009; Yakovlev et al. 2012; Aerresatad et al.
2014; Carneros et al. 2017; Solvin and Steffenrem 2019; Milesi et al. 2019).

The need to produce reproductive material resistant to environmental
challenges, including late spring frosts, made the researchers test numerous Norway
spruce populations in different environmental conditions through short-term and
long-term tests. The task was to determine the correlations between the influence of
the environment and the reaction of the offspring, and to constantly model the
relationship "population x climatic conditions" in order to make recommendations for
the safe transfer of forest reproductive material.

Norway spruce is considered to be sensitive to low temperatures, especially
during the active period of growth: from the budburst to the end of the period of
shoots elongation (Hannerz 1994; Hannerz et al. 1999). The selection of appropriate
sources of reproductive material resistant to the appearance of late frosts is a
challenge that is closely related to the time of budburst. Regarding this, various
models have been developed to predict the timing of budburst and the risk of damage
caused by late spring frosts (Leinonen and Hanninen 2002). Most often, the models
related to the estimation of the budburst are related to the temperature sums. This
model is applied in this research.

The investigation of the onset and budburst dynamics should be one of the
important factors in choosing the starting population. Establishing forests with the
planting material that has the optimal use of the growing season is a priority. In order
to find such sources of starting material, it is necessary to test the planting material
from different seed sources and to set up experiments on different locations.

2 Materials and methods

The dynamics of budburst was monitored in 2013, 2015 and 2016 in two
progeny tests established in 2009 in different ecological conditions. Progeny tests are
located in the east of Bosnia and Herzegovina (Srebrenica) and in the west (Drini¢)
(Table 1, Figure 1).

Table 1. Data on progeny tests.

Altitude

Locality Latitude Longitide (m] Eco — vegetation area Soil
Drini¢ 44°31'10" 16° 36' 04" 690 Inner Dinnarides Calkomelanosol and luvisol
Srebrenica  44°01' 34" 19° 25' 22" 1000 Transitional lliri- Distric cambisol

Moesiac area

Six Norway spruce populations were tested: Han Pijesak 1, Han Pijesak 2, Foca,
Potoci, Olovo and KneZevo. The geographical position and basic habitat characteristics
of the populations which were tested are shown in Table 2 and Figure 1. In total, the
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budburst was monitored on 1381 seedlings in Drini¢ and 1385 seedlings in Srebrenica.
The total number of seedlings per populations on which the budburst was monitored
is shown in Table 2, in the last two columns. The number of seedlings is different in
each population due to the seedlings survival rate decline from the year of the
progeny tests establishment (2009) to the years of budburst monitoring. In the period
2009-2013 there was no budburst monitoring. The dynamics of the budburst was

recorded on dates given in Table 3.

Table 2. Starting populations data.

Locality Latitude Longitide Altitude Number of seedlings per p(.)p'L’J|at.
[m] Srebrenica Drini¢

Han Pijesak 1 44° 08' 13" 18°50' 01" 1000-1100 156 187
Han Pijesak 2 44° 02' 08" 19°00' 11" 960-1040 94 139
Foca 43°24' 58" 18°52' 38" 1000-1126 347 304
Olovo 44° 07' 43" 18° 34’ 54" 900-1000 258 268
Potoci 44° 28' 59" 17°24' 45" 1010-1030 216 247
Knezevo 44°23"'12" 16°39'39" 850-950 310 240

Table 3. Monitoring dates.

Progeny test Srebrenica Progeny test Drinic¢

Monitoring date Monitoring date
Year | I 11 v | Il 1l
2013. Apr 24 May 4 May 8 - May 2 May 5 May 15
2015. May 7 May 11 May 16 May 21 May 9 May 13 May 19
2016. May 8 May 13 May 19 May 25 May 10 May 16 May 21

v
May 24
May 26

CROATI

SERBIA

CROATIA

LEGEND
Populations (red dots)
1- Han Pijesak 1

2 — Han Pijesak 2

3 -Foca

4 - Potoci

5 - Olovo

6 — Knezevo

Progeny test (blue squares)
1 - Drini¢

2 - Srebrenica Adriatic sea

Figure 1. Geographical position of native populations and progeny tests.
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The data were recorded in binary code: 0 for closed bud and 1 for budburst.
The bud was considered as open (budburst) from the moment the winter sheath was
started to be discarded and a new, green terminal bud starts to appear (Figures 2 and
3). To determine the time of budburst, Hannerz (1994) temperature sum methodology
was applied. The methodology implies that the start of monitoring is performed from
that ordinal day in the year on which the average daily temperature for 3 consecutive
days exceeds 5°C. After that, the average daily temperatures are summed up by days
and the beginning of budburst is monitored. The budburst rate was presented as a
percentage of seedlings with budburst, in relation to the total number of seedlings per
population in progeny tests.

Figure 2. Closed bud.

Figure 3. Budburst.
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The temperatures in the experiments were recorded by automatic
meteorological stations PCE-FWS 20. Meteorological stations were set up in the
immediate vicinity of the experiments at 100 m in Srebrenica and 2 km in the progeny
test in Drinié. The data on temperature sums was calculated as a cumulant of average
daily temperatures which were calculated according to the formula:

T = T7p + Tiap + Toqp - 2
4

where the following are:

Tzn- temperature at 7 a.m.

Tian - temperature at 2 p.m.

T21n - temperature at 9 p.m.

The time of budburst was determined based on the intersection of the linear
function describing the dynamics of budburst and the x-axis (ordinal number of days in
the year). The linear function has been used as the simplest and the most comparable
among the observed years and populations.

3 Results and discussion

3.1 Temperature sums

Temperature sums are shown in Figures 4 and 5 for the Srebrenica and Drinié
sites. In the progeny test Srebrenica, the initial day of monitoring the temperature
sums was different for the observed years. The monitoring on temperature sums on
the Srebrenica site was recorded starting from the 96" day (April 6™), in 2013, from
the 95™ day (April 5") in 2015 and from the 32" day (February 1%t in 2016), (Figure 4).

350
—2013

—2015
2016

300
250
200
150
100

Temperature sums [°C]

—1_050 10 30 50 70 90 1 150

Ordinal day number

Figure 4. Temperature sums in progeny test Srebrenica in 2013, 2015 and 2016.

In the Drini¢ progeny test, monitoring the average daily temperatures began
on the: 69™" day (March 10%) in 2013, 110" day (April 20*") in 2015, and 9% day
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(January 9%) in 2016 (Figure 5). Data about temperature sums are very variable
depending on the geographic position and it can range for 150 days as it was recorded
for some European countries (Hannerz, 1994).

—2013
—2015
2016

30 50 7;\\30 110 130 150

Ordinal day number

Figure 5. Temperature sums in progeny test Drini¢ in 2013, 2015 and 2016.

3.2 Budburst dynamics

The budburst dynamics differed among the years and the population. In the
progeny test in Srebrenica, the fastest budburst was found in 2013 in the populations
of Han Pijesak 1 and the slowest in the populations of Han Pijesak 2 and Foca (Figures
6a). In 2015, the fastest budburst was recorded for the population KneZevo, while all
other populations had the budburst with approximately the same dynamics (Figure
6b). During 2016, the dispersion of budburst among populations was higher. The
seedlings from the KneZevo population had the fastest budburst, while Olovo and Foca
populations had the slowest budburst (Figure 6c).

In progeny test Drini¢ the fastest budburst in 2013 was recorded on the
seedlings originating from the population KneZevo, and the slowest budburst was in
the population Han Pijesak 1. The differences in the period during the budburst
process are negligible at the beginning and end, and the differences are significant in
the second observation period. At that time, the differences in budburst seedlings
from the population of KneZevo and other populations were 10-25% on average
(Figure 7a).

During 2015, the situation is similar in the order of populations, but the
differences among them are greater. Thus, these differences go up to 35% of the
higher number of budburst in the period of the second and third observation (figure
7b).

In 2016, the differences between the percentages of budburst among
populations are smaller than in the previous two years of observation and the
differences range up to 20% (Figure 7c).
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20 === Potoci 2013
«=i== Olovo 2013
0 - KneZevo 2013
20.04. 25.04. 30.04. 05.05. 10.05.
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90
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%‘ 60 / — HP 12015
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§ 40 e Foca 2015
a 30 === Potoci 2015
20 «=i== Olovo 2015
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0
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100
90
: P
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Figure 6 a, b, c. Budburst dynamics in progeny tests Srebrenica in 2013 (a), 2015 (b) and 2016 (c).
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Figure 7 a, b, c. Budburst dynamics in progeny tests Drinic in 2013 (a), 2015 (b) and 2016 (c).
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3.3 Estimation of budburst beginning

Hannerz (1994) and Hannerz et al. (1999) stated that budburst timing
predicted with a high accuracy (two-day accuracy) can be attained during only one
year of temperature and the dynamics of budburst monitoring, which could help to
solve the problem of adequate starting population selection for the production of
seedlings resistant to late spring frosts.

In the progeny test in Srebrenica, the earliest budburst was recorded on 114
day in the populations of Han Pijesak 1 and KneZevo in 2013, at a temperature sum of
27°C. In 2013, which was the year of the earliest budburst, the earliest beginning of
budburst and the lowest temperature sum were determined. An average, 118.8 days
was needed for budburst at the progeny test level. The latest budburst was recorded
for the population Han Pijesak 2 - 128 days, with a temperature sum of 175.80°C. The
difference between the beginning of budburst of the seedlings from the populations
of Han Pijesak 1 and the seedlings from the populations of Han Pijesak 2 and Knezevo
was 2 weeks. Based on the ranking population by date of budburst, this is a
significantly larger difference among populations in comparison to the progeny test
Drini¢, where in 2013 the time of budburst was only 3 days. In 2015, the earliest
budburst was recorded for seedlings from the populations of Foca and Knezevo - 122
days and a temperature sum of 74°C. At the latest, budburst occurred on seedlings
originating from the Han Pijesak 2 population - 128 days and with a temperature sum
of 175.80°C. Compared to 2013, the beginning of budburst was delayed by 7 days
(Table 4).

Table 4. Estimation of the beginning of bud opening in the progeny test in Srebrenica.

Year Population Function Correlation Budburst start Temperature sum
Han Pijesak 1 5.2847x - 596.72 R?=0.9967 114 27,00
Han Pijesak 2 5.6289x - 718.83 R?=0.9334 128 175,80
S Foca 5.1203x - 587.28 R?=0.9836 115 36,7
® Potoci 6.0438x - 694.22 R?=0.9815 115 36,7
Olovo 5.0456x - 640.59 R?=0.9331 127 170,0
KneZevo 5.5851x - 638.71 R?=0.9987 114 27,0
Han Pijesak 1 4.998x - 633.54 R?2=0.8918 127 135,5
Han Pijesak 2 5.6289x - 718.83 R?=0.9334 128 141,6
S Foca 5.3597x - 682.64 R2=0.9512 122 74,0
v Potoci 5.1175x - 650.65 R? = 0.9604 127 135,5
Olovo 5.0456x - 640.59 R?=0.9331 127 135,5
Knezevo 4.1695x - 509.12 R?=0.9515 122 74,0
Han Pijesak 1 4.3493x - 541.47 R?=0.9975 124 77,5
Han Pijesak 2 4.4596x - 560.01 R? =0.9997 126 82,4
S Foca 4.4755x - 567.57 R2=0.9786 127 88,0
o Potoci 4.1927x - 521.06 R? =0.9985 124 77,5
Olovo 4.1916x - 530.13 R?=0.9912 126 82,4
Knezevo 3.5464x - 426.18 R?=0.9961 120 67,5

In 2015, the earliest budburst was recorder for the seedlings from the
population of KneZevo and Foca - 122 days, at a temperature of 74°C. The latest
budburst was recorded for the seedlings from the Han Pijesak population for 2 - 128
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days, at a temperature sum of 141.6°C. The difference between the first and the last
day of the budburst by populations was 6 days, with a difference of temperature sums
of 67.6°C.

In 2016, the earliest budburst was recorded in the population of KneZzevo — on
120" day, with temperature sums of 67.5°C. The latest budburst opening was
determined for the seedlings from the population Focda - 127 days with a temperature
sum of 88°C. The difference between the earliest and the latest budburst was 7 days,
while the difference in temperature sums is only 27.5°C (Table 4).

In both progeny tests, the seedlings originating from the population Knezevo
had the earliest budburst and were thus most exposed to the risk of later spring frosts.
This is in accordance with the previous research on genetic variability where Norway
spruce populations in the wider Knezevo area stand out as introduced compared to
other B&H populations (Ballian et al. 2006; 2007; Cvjetkovi¢ et al. 2017).

The earliest budburst in the progeny test in Drini¢ occurred in 2013, on 119t
day from the beginning of the year at a temperature sum of 82.10°C. In 2013, the
earliest budburst was recorded for seedlings from the KneZevo population. In that
year, the seedlings of all populations needed 120.7 days an average for budburst start.
The differences in the ordinal number of days of bud opening were minimal, only 2-3
days and the differences in temperature sums were 36.4°C (Table 5).

Table 5. Estimation of bud opening in the offspring test in Drinic.

Year Population Function Correlation Budburst start Temperature sum
Han Pijesak 1 6.4358x - 772.26 R? =0.9952 120 90,50
Han Pijesak 2 7.0353x - 857.59 R?=0.9439 122 118,50
P Foca 7.0112x - 851.82 R?=0.9931 121 106,80
@ Potoci 6.7815x - 820.27 R?=0.9948 121 106,80
Olovo 6.779x - 817.51 R? =0.9967 121 106,80
KneZevo 6.2403x - 743.34 R?=0.9993 119 82,10
Han Pijesak 1 5.5235x - 708.45 R?=0.9799 128 218,03
Han Pijesak 2 5.4762x - 711.77 R? =0.9603 131 242,80
N Foca 5.906x - 760.44 R?=0.9829 129 227,53
& Potoci 6.0208x - 778.08 R? =0.9668 129 227,53
Olovo 5.257x - 676.08 R?=0.9872 129 227,53
Knezevo 5.4071x - 681.61 R?=0.9764 126 199,25
Han Pijesak 1 4.8622x - 623.41 R?=0.9958 128 158,58
Han Pijesak 2 4.921x - 637.7 R?=0.9778 130 171,18
~ Foca 5.0814x - 661.47 R?=0.9732 130 171,18
o Potoci 5.149x - 669.03 R?=0.9716 130 171,18
Olovo 4.4053x - 562.27 R?=0.9951 128 158,58
KneZevo 4.7787x - 604.09 R? =0.9908 126 149,05

In later years (2015 and 2016), budburst began on average 8 days later than in
2013. The earliest budburst was recorded on the seedlings from the population of
KneZzevo. The number of days required for budburst was 126 at a temperature sum of
199.25°C. The latest budburst began on the seedlings from the Han Pijesak 1
population. The opening of buds in this population began on 131% day at a
temperature sum of 242.80°C. The difference among the populations with the earliest
and the latest budburst was 5 days, while the difference in the temperature sum was

Reforesta Scientific Society 11
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43.55°C. The seedlings originating from other populations began to budburst at
approximately the same time (Han Pijesak 1 — 128" day, Fo&a, Potoci and Olovo -
129%"). The temperature sums reached higher values, over 200°C, except in the
population of Knezevo where this sum was approximately 200°C (Table 5).

The budburst in 2016 follows the pattern from 2015, with the temperature
sums being slightly lower. The earliest budburst was recorded on the seedlings
originating from the population KneZevo - on the 126" day, with a temperature sum of
149.05°C, while the latest budburst was recorded on the seedlings originating from
the populations Han Pijesak 2, Fo¢a and Potoci - on the 130" day with a temperature
sum of 171.18°C. The difference between the beginning of budburst of the first and
the last population was 4 days (Table 5). It can be stated there is a consistent pattern
in temperature sum requirements among populations in three years. Populations had
similar budburst ranking over the years.

Hannerz (1994), based on Prescher (1982) research, found that the
temperature sum required for Norway spruce budburst in the former Yugoslavia
varied between 193 and 196°C, averaging 195°C for seedlings aged four and five years.
Rotze and Chmielewski (2001), found that bud opening and flowering begin three days
later with an increase in altitude of 100 m, 0.6 days per every 100 km going from west
to east and 2.4 days later every 100 km going from south to north.

If we compare the results of the research with other European research, the
results partially coincide. Thus Beuker (1994) cites a wide range of values of the initial
day of budburst - from 114 days to 263 days, depending on the origin. The results of
Norway spruce research in progeny tests in B&H coincide with the values of northern
Norway spruce populations. According to Hannerz (1994) and Hannerz et al. (1999)
data obtained for progeny tests are in the range of Norway spruce from the
Scandinavian area which needs a minimum temperature sum of 96°C for the budburst.
Based on the obtained results, it is not possible to establish the exact temperature
sum at which the budburst on the seedlings from different provenances starts but
most of them are higher than 96°C in progeny test Srebrenica and lower in progeny
test Drini¢ which indicate a strong impact of others environmental conditions in
combination with the seedling’s origin. Hannerz's (1994) research, who recalculate
earlier Prescher (1982) data for the area of former Yugoslavia indicates that seedlings
aged 4-5 years require a temperature sum of 193-195°C, while in these studies these
temperature sums are significantly lower except for year 2015 in the progeny test in
Drini¢. When it comes to the variability between the budburst among populations, the
values range from the interval reported by Rétzer and Chmielewski (2001) which is 6
days on average, while the maximum values are around 12-13 days, which was also in
line with the obtained results.

Different results of temperature sums indicate the need to include a wider
range of factors in the analyses. One of the factors that can affect the dynamics of
budburst is winter temperatures. The emergence of the so-called “warm spells” can
slow budburst (Hannerz 1999; Heide 2003; Partanen et al. 2005; Hainninen 2006;
Sggaard et al. 2008; Granhus et al. 2009; Hannien and Tanino 2011; Junttila and
Hanninen 2012; Olsen et al. 2014; Korner and Bassler 2014; Lange et al. 2016; Konnert
et al. 2015; Olsson et al., 2016; Partanen et al. 2016; Partanen et al. 2020). If average
daily temperatures are observed, it is evident that there was a significant variation in
temperature in both progeny tests each year. The differences in the beginning of
budburst at the level of years (between 2013 on the one hand and 2015 and 2016 on
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4 Conclusions

the other hand) could be attributed to significantly lower temperatures at the end of
the vegetation period in 2012. For the other two years, temperatures below 0°C did
not occur until almost the last days of December and the first days of January. This can
partially explain the difference in the budburst at the level of observed years, i.e. that
low temperature in the autumn of the previous year was a kind of a "trigger" for the
earlier budburst the following year. Chilling requirement was found to be necessary
for Norway spruce budburst (Hannerz et al. 1999; Konnert et al. 2015). Thus Sggaard
et al. (2008) state that the influence of the cold period accelerates the budburst
especially if Norway spruce is not exposed to warmer conditions which is in line with
results obtained by Kérner and Bassler (2014); Partanen et al. (2005); H&inninen
(2006); Junttila and Hanninen (2012); Olsen et al. (2014), which point out the
importance of the cold period, as well as the importance of cumulative temperatures
on the dynamics of budburst. Combination of cold temperatures and mild spells can
promote budburst (Granhus et al. 2009) which happened in the winter 2012 in both
progeny tests.

There are other factors that might influence the budburst dynamics which can
be considered such as the length of the photoperiod (Partanen et al. 2001; 2005;
Se¢gaard et al. 2009; Migliavacca 2012; Lee et al. 2014; Luoranen and Sutinen 2017; Lee
et al. 2017; Wallin et al. 2017), Kérner and Basler 2010; 2014; Basler and Kérner 2012),
the influence of fertilizer and the type of planting material (Flgistad and Kohmann
2004; Luoranen and Rikkala 2011; Johansson et al. 2012), relative humidity (Laube et
al. 2014), the method of seedling production as well as a the combination of factors
(temperature, precipitation, light), (Cepl et al. 2020).

Studies on Norway spruce have shown that there are significant differences in
the budburst and the budburst dynamics. The seedlings originating from the KneZevo
seed stand had earliest budburst in comparison to the other populations. Planting new
forests with seedlings originating from the KneZevo seed stand should be done in the
areas where the risk of late spring frosts is lower. The latest budburst opening, on
average, was recorded in the population of Han Pijesak 2. The seedlings originating
from other populations behaved differently, depending on the year of observation and
the progeny test. Bearing in mind that earlier budburst for tested population does not
mean faster and better growth, which was found in previous research (Cvjetkovi¢ et
al.,, 2015; Cvjetkovi¢ et al. 2016), it is justified to choose populations with late
budburst.

Temperature sums did not prove to be reliable for defining the budburst since
they were different each year. This leads to the fact that it is necessary to include
other parameters that can affect the opening of the buds, such as photoperiod and
the influence of the cold period during winter. Although the connection between
temperature sums and budburst has not been clearly proven, the obtained results can
be used from the aspect of the classification of forest reproductive material sources
according to the beginning and the dynamics of budburst. This can place emphasis on
the production of planting material that reduces the risk of the damage caused by late
spring frosts. The influence of weather conditions in the previous year should also be
related to the events in the current year, but several parameters such as photoperiod
should be taken into account.
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Changes in phenology, in correlation with frosts, must be taken into account in
the production of planting material and the raising of new forests in order to reduce
the losses after afforestation due to frost damage.

5 References

Aarrestad PA, Myking T, Stabbetorp OE, Tollefsrud MM (2014) Foreign Norway spruce (Picea abies)
provenances in Norway and effects on biodiversity. NINA Report 1075: 1- 39.

Allen MR, Dube OP, Solecki W, Aragén-Durand F, Cramer W, Humphreys S, Kainuma M, Kala J,
Mahowald N, Mulugetta Y, Perez R, Wairiu M, Zickfeld K (2018) Framing and Context. In: Global
Warming of 1.5°C. An IPCC Special Report on the impacts of global warming of 1.5°C above pre-
industrial levels and related global greenhouse gas emission pathways, in the context of
strengthening the global response to the threat of climate change, sustainable development,
and efforts to eradicate poverty [Masson-Delmotte, V., P. Zhai, H.-O. Portner, D. Roberts, J.
Skea, P.R. Shukla, A. Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J.B.R.
Matthews, Y. Chen, X. Zhou, M.l. Gomis, E. Lonnoy, T. Maycock, M. Tignor, and T. Waterfield
(eds.)], pp 49-91.

Azeez A, Sane AP (2015) Photoperiodic growth control in perennial trees. Plant Signal Behav 10 (12): 1-4,
€10876. https://doi.org/10.1080/15592324.2015.1087631

Ballian D, Bogunic F, BoZi¢ G (2006) Smreka u Bosni i Hercegovini. Radovi Sumarskog fakulteta u Sarajevu
1.77-85.

Ballian D, Boguni¢ F, Bozi¢ G (2007) Genetic variability of norway spruce (Picea abies /L./ H. Karst.) in the
Bosnian part of the Dinaric mountain range. Sumarski list 5-6: 237-246.

Basler D, Kérner C (2012) Photoperiod sensitivity of bud burst in 14 temperate forest tree species. Agr
Forest Meteorol 165: 73-81. https://doi.org/10.1093/treephys/tpu021

Beuker E (1994) Adaptation to climatic changes of the timing of bud burst in populations of Pinus
sylvestris L. and  Picea abies (L) Karst. Tree Physiol 14: 961-970.
https://doi.org/10.1093/treephys/14.7-8-9.961

Beuker E, Valtonen E, Repo T (1998) Seasonal variation in the frost hardiness of Scots pine and Norway
spruce in old provenance experiments in Finland. Forest Ecol Manage 10: 87-98.
https://doi.org/10.1016/s0378-1127(97)00344-7

Busov V, Carneros E, Yakovlev | (2015) EARLY BUD-BREAK1 (EBB1) defines a conserved mechanism for
control of bud-break in woody perennials. Plant Signal Behav 11 (2): 1-4, e1073873.
https://doi.org/10.1080/15592324.2015.1073873

Carneros E, Yakovlev |, Viejo M, Olsen JE, Fossdal CG (2017) The epigenetic memory of temperature
during embryogenesis modifies the expression of bud burst-related genes in Norway spruce
epitypes. Planta 246(3): 553-566. https://doi.org/10.1007/s00425-017-2713-9

Cepl J, Stejskal J, Korecky J, Hejtmének J, Faltinova Z, Lstibiirek M, Gezan S (2020) The dehydrins gene
expression differs across ecotypes in Norway spruce and relates to weather fluctuations. Sci
Rep-UK 10(1): 1-9. https://doi.org/10.1038/s41598-020-76900-x

Cvjetkovi¢ B, Mataruga M, Sijaci¢-Nikoli¢ M, Danici¢ V, Lu¢ié¢ A (2015a) Bud burst and height increment
of Norway spruce (Picea abies Karst.) in progeny tests in Bosnia and Herzegovina, International
Conference “Reforestation challenges”, June 3-6'" 2014, Belgrade, Serbia. Proceedings: 251-
259.

Cvjetkovi¢ B, Mataruga M, Sijacié-Nikoli¢ M, Iveti¢ V, Danici¢ V, Stojni¢ S, Stojanovié, M (2015b) Norway
spruce (Picea abies (L.) Karst.) Seedlings survival in progeny test “Drini¢”. Bulletin of Faculty of
Forestry Banja Luka 22: 5-14. https://doi.org/10.7251/gsf1522005c¢

Cvjetkovi¢ B, Mataruga M, Sijaci¢-Nikoli¢ M, Duki¢ V, Popovi¢ V (2016) Variability of Norway spruce
morphometric characteristics in progeny tests in Bosna and Hercegovina. Bulletin of Faculty of
forestry Belgrade 113: 11-34. https://doi.org/10.2298/gsf1613011c

Cvjetkovi¢ B, Konnert M, Fussi B, Mataruga M, Sijaci¢-Nikoli¢ M, Dani¢i¢ V, Luci¢ A (2017) Norway spruce
(Picea abies Karst.) variability in progeny tests in Bosnia and Herzegovina. Genetika 49 (1): 259-
272. https://doi.org/10.2298/gensr1701259c¢

Reforesta Scientific Society 14


https://doi.org/10.1080/15592324.2015.1087631
https://doi.org/10.1093/treephys/tpu021
https://doi.org/10.1093/treephys/14.7-8-9.961
https://doi.org/10.1016/s0378-1127(97)00344-7
https://doi.org/10.1080/15592324.2015.1073873
https://doi.org/10.1007/s00425-017-2713-9
https://doi.org/10.1038/s41598-020-76900-x
https://doi.org/10.7251/gsf1522005c
https://doi.org/10.2298/gsf1613011c
https://doi.org/10.2298/gensr1701259c

REFORESTA (2021) 11: 1-18 Cvjetkovic et al.

Flgistad IS, Kohmann K (2004) Influence of nutrient supply on spring frost hardiness and time of bud
break in Norway spruce (Picea abies (L.) Karst.) seedlings. New Forest 27: 1-11.
https://link.springer.com/article/10.1023/A:1025085403026

Frank A, Sperisen C, Howe GT, Brang P, Walthert L (2017) Distinct genecological patterns in seedlings of
Norway spruce and silver fir from a mountainous landscape. Ecology 98(1): 211-227
https://doi.org/10.1002/ecy.1632

Frewen BE, Chem THH, Howe GT, Davis J, Rohde A, Boerjan W et al. (2000) Quantitative trait loci and
candidate gene mapping of bud set and bud flush in Populus. Genetics 154: 837-845.

Granhus A, Flgistad IS, Sggaard G (2009) Bud burst timing in Picea abies seedlings as affected by
temperature during dormancy induction and mild spells during chilling. Tree Physiol 29 (4): 497-

503.
Hainninen H (2006) Climate warming and the risk of frost damage to boreal forest trees, identification of
critical ecophysiological traits. Tree Physiol 26: 889-898.

https://doi.org/10.1093/treephys/26.7.889

Hainninen H, Tanino K (2011) Tree seasonality in a warming climate. Trends Plant Sci 16(8): 412-416.
https://doi.org/10.1016/j.tplants.2011.05.001

Hannerz M (1994) Predicting the risk of frost occurrence after bud burst of Norway spruce in Sweden.
Silva Fenn 28(4): 243-249. https://doi.org/10.14214/sf.a9175

Hannerz M, Sonesson J, Ekberg | (1999) Genetic correlations between growth and growth rhythm
observed in a short-term test and performance in long-term field trials of Norway spruce. Can J
Forest Res 29: 768-778. https://doi.org/10.1139/x99-056

Heide OM (1985) Physiological aspects of climatic adaptation in plants with special reference to high-
latitude environments. /n: Kaurin, A., Junttila, O., Nilsen, J. (Eds.). Plant Production in the North.
Norwegian University Press, Tromsg, 1-22.

Heide OM (2003) High autumn temperature delays spring bud burst in boreal trees, counterbalancing
the effect of climatic warming. Tree Physiol 23: 931-936.
https://doi.org/10.1093/treephys/23.13.931

Howe GT, Aitken S, Neale DB, Jermstad KD, Wheeler N, Chen TH (2003) From genotype to phenotype,
unraveling the complexities of cold adaptation in forest trees. Can J Bot 81: 1247-66.
https://doi.org/10.1139/b03-141

Jansone B, Neimane U, $énhofa S, Matisons R, Jansons A (2020) Genetically Determined Differences in
Annual Shoot  Elongation of  Young  Norway  spruce. Forest 11(12): 1260.
https://doi.org/10.3390/f11121260

Jansson G, Danusevicius D, Grotehusman H, Kowalczyk J, Krajmerova D, Skrgppa T, Wolf H (2013)
Norway Spruce (Picea abies (L.) Karst.), Forest Tree Breeding in Europe. Managing Forest
Ecosystems 25: 123-176. https://doi.org/10.1007/978-94-007-6146-9 3

Johansson K, Langvall O, Bergh J (2012) Optimization of environmental factors affecting initial growth of
Norway spruce seedlings. Silva Fenn 46(1): 27-38. https://doi.org/10.14214/sf.64

Johnsen @, Dzhlen OG, @streng G, Skrgppa T (2005) Daylength and temperature during seed
production interactively affect adaptive performance of Picea abies progenies. New Phytologist
168: 589-596. https://doi.org/10.1111/j.1469-8137.2005.01538.x

Junttila O, Hanninen H (2012) The minimum temperature for budburst in Betula depends on the state of
dormancy. Tree physiol 32(3): 337-45. https://doi.org/10.1093/treephys/tps010

Konnert M, Fady B, Gomory D, A’Hara S, Wolter F, Ducci F, Koskela J, Bozzano M, Maaten T, Kowalczyk J
(2015) European Forest Genetic Resources Programme (EUFORGEN). Use and transfer of forest
reproductive material in Europe in the context of climate change. European Forest Genetic
Resources Programme (EUFORGEN), Bioversity International, Rome, Italy, 1-63.

Korner C, Basler D (2010) Phenology under global warming. Science 327: 1461-1462.
https://doi.org/10.1126/science.1186473

Korner C, Basler D (2014) Photoperiod and temperature responses of bud swelling and bud burst in four
temperate forest tree species. Tree Physiol 34: 377-388.
https://doi.org/10.1093/treephys/tpu021

Reforesta Scientific Society 15


https://doi.org/10.1002/ecy.1632
https://doi.org/10.1093/treephys/26.7.889
https://doi.org/10.1016/j.tplants.2011.05.001
https://doi.org/10.14214/sf.a9175
https://doi.org/10.1139/x99-056
https://doi.org/10.1093/treephys/23.13.931
https://doi.org/10.1139/b03-141
https://doi.org/10.3390/f11121260
https://doi.org/10.1007/978-94-007-6146-9_3
https://doi.org/10.14214/sf.64
https://doi.org/10.1111/j.1469-8137.2005.01538.x
https://doi.org/10.1093/treephys/tps010
https://doi.org/10.1126/science.1186473
https://doi.org/10.1093/treephys/tpu021

REFORESTA (2021) 11: 1-18 Cvjetkovic et al.

Krutzsch P (1973) Norway spruce development of buds. IUFRO S2.02.11. International Union of Forest
Research Organization, Vienna.

Kvaalen H, Johnsen @ (2008) Timing of bud set in Picea abies is regulated by a memory of temperature
during zygotic and somatic embryogenesis. New Phytologist 177:  49-59.
https://doi.org/10.1111/j.1469-8137.2007.02222.x

Lange M, Schaber J, Marx A, Jackel G, Badeck FW, Seppelt R, Doktor D (2016) Simulation of forest tree
species’ bud burst dates for different climate scenarios, chilling requirements and photo-period
may limit bud burst advancement. International Journal of Biometeorolgy 60(11): 1711-1726.
https://doi.org/10.1007/s00484-016-1161-8

Laube J, Sparks T, Estrella N (2014) Does humidity trigger tree phenology? Proposal for an air humidity
based framework for bud development in spring. New Phytologist 202: 350-355.
https://doi.org/10.1111/nph.12680

Lee Y, Karunakaran C, Lahlali R, Liu X, Tanino KK, Olsen JE (2017) Photoperiodic regulation of growth-
dormancy cycling through induction of multiple bud—shoot barriers preventing water transport
into the winter buds of Norway spruce. Front plant sci 8: 2109.
https://doi.org/10.3389/fpls.2017.02109

Lee YK, Alexander D, Wulff J, Olsen JE (2014) Changes in metabolite profiles in Norway spruce shoot tips
during short-day induced winter bud development and long-day induced bud flush.
Metabolomics 10: 842-858. https://doi.org/10.1007/s11306-014-0646-x

Leinonen |, Hanninen H (2002) Adaptation of the timing of bud burst of Norway spruce to temperate
boreal climate. Silva Fenn 36: 695-701.

Leinonen |, Hanninen H (2002) Adaptation of the timing of bud burst of Norway spruce to temperate
boreal climate. Silva Fenn 36: 695-701. https://doi.org/10.14214/sf.534

Liu Q, Piao S, Janssens IA, Fu Y, Peng S, Lian X, Ciais P, Myneni RB, Penuelas J, Wang T (2018) Extension
of the growing season increases vegetation exposure to frost. Nat Commun9: 426.
https://doi.org/10.1038/s41467-017-02690-y

Lundstromer J, Karlsson B, Berlin M (2020) Strategies for deployment of reproductive material under
supply limitations—a case study of Norway spruce seed sources in Sweden. Scand J Forest
Res 35(8): 495-505. https://doi.org/10.1080/02827581.2020.1833979

Luoranen J, Rikkala R (2011) Nutrient loading of Norway spruce seedlings hastens bud burst and
enhances root growth after outplanting. Silva Fenn 45(3): 319-329.
https://doi.org/10.14214/sf.105

Luoranen J, Sutinen S (2017) Reduced height of short day induced bud scale complex may partly explain
early bud burst in Norway spruce seedlings. Silva Fenn 51(5): 1-16.
https://doi.org/10.14214/sf.7759

Migliavacca M, Sonnentag O, Keenan TF, Cescatti A, O’Keefe J, Richardson AD (2012) On the uncertainty
of phenological responses to climate change, and implications for a terrestrial biosphere model.
Biogeosciences 9: 2063-2083. https://doi.org/10.5194/bg-9-2063-2012

Milesi P, Berlin M, Chen J, Orsucci M, Li L, Jansson G, Karlsson B, Lascoux M (2019) Assessing the
potential for assisted gene flow using past introduction of Norway spruce in southern Sweden:
Local adaptation and genetic basis of quantitative traits in trees. Evol appl 12(10): 1946-1959.
https://doi.org/10.1111/eva.12855

Olsen JE, Lee YK, Junttila O (2014) Effect of alternating day and night temperature on short day-induced
bud set and subsequent bud burst in long days in Norway spruce. Front Plant Sci 5: 691.
https://doi.org/10.3389/fpls.2014.00691

Olsson C, Olin S, Lindstrom J, Jonsson AM (2017) Trends and uncertainties in budburst projections of
Norway spruce in Northern Europe. Ecol Evol 7(23): 9954-9969.
https://doi.org/10.1002/ece3.3476

Olsson J, Hakkinen R, Hanninen H (2016) Significance of the root connection on the dormancy release
and vegetative bud burst of Norway spruce (Picea abies) seedlings in relation to accumulated
chilling. Silva Fenn 50(1): 1443, 9p. https://doi.org/10.14214/sf.1443

Reforesta Scientific Society 16


https://doi.org/10.1111/j.1469-8137.2007.02222.x
https://doi.org/10.1007/s00484-016-1161-8
https://doi.org/10.1111/nph.12680
https://doi.org/10.3389/fpls.2017.02109
https://doi.org/10.1007/s11306-014-0646-x
https://doi.org/10.14214/sf.534
https://doi.org/10.1038/s41467-017-02690-y
https://doi.org/10.1080/02827581.2020.1833979
https://doi.org/10.14214/sf.105
https://doi.org/10.14214/sf.7759
https://doi.org/10.5194/bg-9-2063-2012
https://doi.org/10.1111/eva.12855
https://doi.org/10.3389/fpls.2014.00691
https://doi.org/10.1002/ece3.3476
https://doi.org/10.14214/sf.1443

REFORESTA (2021) 11: 1-18 Cvjetkovic et al.

Partanen J, Hakkinen R, Sutinen S, Vihera-Aarnio A, Zhang R, Hanninen H (2020) Endodormancy release
in Norway spruce grafts representing trees of different ages. Tree Physiol 41(4): 631-643.
https://doi.org/10.1093/treephys/tpaa001

Partanen J, Hanninen H, Hakkinen R (2005) Bud burst in Norway spruce (Picea abies): preliminary
evidence for age-specific rest patterns. Trees 19: 66-72. https://doi.org/10.1007/s00468-004-
0364-5

Partanen J, Leinonen |, Repo T (2001) Effect of accumulated duration of the light period on bud burst in
Norway spruce (Picea abies) of wvarying ages. Silva Fenn 35(1): 111-117.
https://doi.org/10.14214/sf.608

Partanen J, Hakkinen R, Hanninen H (2016) Significance of the root connection on the dor-mancy release
and vegetative bud burst of Norway spruce (Picea abies) seedlings in relation to accumulated
chilling. Silva Fenn 50(1): id 1443, 9p. https://doi.org/10.14214/sf.1443

Prescher F (1982) Testing av tillvaxt rytm och tillvaxt férmaga fér brukspovenienser av gran. Sverige
lantbruksuniversitet, Institutionen for skogsproduktion. Rapport 10: 97.

Rohde A, Bhalerao RP (2007) Plant dormancy in the perennial context. Trends Plant Sci 12: 217-23.
https://doi.org/10.1016/j.tplants.2007.03.012

Rohde A, Storme V, Jorge V, Gaudet M, Vitacolonna N, Fabbrini F et al. (2011) Bud set in poplar - genetic
dissection of a complex trait in natural and hybrid populations. New Phytologist 189: 106-21.
https://doi.org/10.1111/j.1469-8137.2010.03469.x

Rotzer T, Chmielewski F-M (2001) Phenological maps of Europe. Climate Research 18: 249-257.
https://doi.org/10.3354/cr018249

Skrgppa T (1982) Genetic variation in growth rhythm characteristics within and between natural
populations of Norway spruce: a preliminary report. Silva Fenn 16: 160-167.

Skrgppa T (2003) EUFORGEN Technical Guidelines for genetic conservation and use for Norway spruce
(Picea abies). International Plant Genetic Resources Institute, Rome, Italy, 1-6.

Skrgppa T, Kohmann K, Johnsen @, Steffernem A, Edvardsen @M (2007) Field performance and early test
results of offspring form two Norway spruce seed orchards containing clones transfer to
warmer climates. Can J Forest Res 37: 512-522. https://doi.org/10.1139/x06-253

Skrgppa T, Steffenrem A (2015) Selection in a provenance trial of Norway spruce (Picea abies L. Karst.)
produced a land race with desirable properties. Scand J Forest Res 31(5): 439-449.
https://doi.org/10.1080/02827581.2015.1081983

Skrgppa T, Tollefsrud MM, Sperisen C, Johnsen @ (2010) Rapid change in adaptive performance from
one generation to the next in Picea abies—Central European trees in a Nordic environment.
Tree Genet Genomes 6: 93-99. https://doi.org/10.1007/s11295-009-0231-z

Sggaard G, Granhus A, Johnsen @ (2009) Effect of frost nights and day and night temperature during
dormancy induction on frost hardiness, tolerance to cold storage and bud burst in seedlings of
Norway spruce. Trees 23(6): 1295-1307. https://doi.org/10.1007/s00468-009-0371-7

Spgaard G, Johnsen @, Nilsen J, Junttila O (2008) Climatic control of bud burst in young seedlings of nine
provenances of Norway spruce. Tree Physiol 28: 311-320.
https://doi.org/10.1093/treephys/28.2.311

Solvin TM, Steffenrem A (2019) Modelling the epigenetic response of increased temperature during
reproduction on Norway spruce phenology.Scand J Forest Res34(2): 83-93.
https://doi.org/10.1080/02827581.2018.1555278

Wallin E, Grans D, Jacobs DF, Lindstrom A, Verhoef N (2017) Short-day photoperiods affect expression of
genes related to dormancy and freezing tolerance in Norway spruce seedlings. Ann Forest
Sci 74(3): 1-14. https://doi.org/10.1007/s13595-017-0655-9

Yakovlev |, Fossdal CG, Skrgppa T, Olsen JE, Jahren AH, Johnsen @ (2012) An adaptive epigenetic
memory in conifers with important implications for seed production. Seed Sci Res 22: 63-76.
https://doi.org/10.1017/s0960258511000535

Yakovlev IA, Asante DKA, Fossdal CG, Partanen J, Junttila O, Johnsen @ (2008) Dehydrins expression
related to timing of bud burst in Norway spruce. Planta 228: 459-472.
https://doi.org/10.1007/s00425-008-0750-0

Reforesta Scientific Society 17


https://doi.org/10.1093/treephys/tpaa001
https://doi.org/10.1007/s00468-004-0364-5
https://doi.org/10.1007/s00468-004-0364-5
https://doi.org/10.14214/sf.608
https://doi.org/10.14214/sf.1443
https://doi.org/10.1016/j.tplants.2007.03.012
https://doi.org/10.1111/j.1469-8137.2010.03469.x
https://doi.org/10.3354/cr018249
https://doi.org/10.1139/x06-253
https://doi.org/10.1080/02827581.2015.1081983
https://doi.org/10.1007/s11295-009-0231-z
https://doi.org/10.1007/s00468-009-0371-7
https://doi.org/10.1093/treephys/28.2.311
https://doi.org/10.1080/02827581.2018.1555278
https://doi.org/10.1007/s13595-017-0655-9
https://doi.org/10.1017/s0960258511000535
https://doi.org/10.1007/s00425-008-0750-0

REFORESTA (2021) 11: 1-18 Cvjetkovic et al.

Yakovlev IA, Fossdal CG (2017) In Silico Analysis of Small RNAs Suggest Roles for Novel and Conserved
miRNAs in the Formation of Epigenetic Memory in Somatic Embryos of Norway Spruce. Front
Physiol 8: 674. https://doi.org/10.3389/fphys.2017.00674

Yakovlev IA, Fossdal CG, Johnsen @, Junttila O, Skrgppa T (2006) Analysis of gene expression during bud
burst initiation in Norway spruce via ESTs from subtracted cDNA libraries. Tree Genet Genomes
2:39-52. https://doi.org/10.1007/s11295-005-0031-z

Yakovlev IA, Lee KY, Rotter B, Olsen JE, Skrgppa T, Johnsen @, Fossdal CG (2014) Temperature-
dependent differential transcriptomes during formation of an epigenetic memory in Norway

spruce embryogenesis. Tree Genet Genomes 10: 355-366. https://doi.org/10.1007/s11295-013-
0691-z

Reforesta Scientific Society 18


https://doi.org/10.3389/fphys.2017.00674
https://doi.org/10.1007/s11295-005-0031-z
https://doi.org/10.1007/s11295-013-0691-z
https://doi.org/10.1007/s11295-013-0691-z

