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Abstract

Norway spruce (Picea abies (L.) H.Karst.) is amongst the most important tree species for forestry in Latvia. It has
been suggested that due to the foreseen climate change the productivity of Norway spruce in Latvia may decrease.
Continuous observations of radial increment allow to identify periods with different growth intensity and to study the
effect of environmental conditions on radial increment during them. The aim of this study was to analyse stem radial
variation of Norway spruce in mixed-species stand in response to meteorological conditions over one growing season.
Stem radial variation of one Norway spruce tree was monitored by band dendrometer throughout the growing season
0f 2013. Cumulative radial increment was divided into contraction, recovery and increment phases by the stem cycle
approach. Four periods with distinct apportionment of these phases were identified — winter/spring dormancy, spring/
summer growth, growth termination and autumn hydration fluctuations. Radial increment began in the second part
of May and the most active increment was observed during period of spring/summer growth. This period lasted for
42 days with the mean amplitude of stem radial variations reaching 0.06 mm while the length of increment phase
reached up to two days. Throughout the growing season increment was facilitated by an increase in the temperature.
Meanwhile, the effect of precipitation was insignificant, presumably due to sufficient water availability and low
interspecies competition for it, characteristic in mixed species stands due to differences in depth and distribution of

root systems between the species.
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Introduction

Adaptation of forestry to the foreseen climate
change scenarios has been considered as one the
greatest challenges for modern day forestry (Lindner
et al., 2014). In this regard, radial growth of trees
and its relationship with climatic factors have been
vastly studied in recent decades (Sheppard, 2010;
Speer, 2010). However, majority of these studies
have focused on tree rings and anatomic elements of
xylem formed over a longer period of time (Zweifel
et al., 2006; Matisons & Brumelis, 2012; Senhofa
et al., 2016). Meanwhile, the effect of climate on
radial growth with a higher temporal resolution is
less commonly studied, presumably due to a more
complex data gathering, processing and analysis
(Bouriaud et al., 2005; Zweifel et al., 2006; McMahon
& Parker, 2015). Nevertheless, findings in the studies
of a high temporal resolution favour to understand
ecophysiological processes affecting the tree radial
growth (Deslauriers, Rossi, & Anfodillo, 2007;
Michelot et al., 2012; Van der Maaten, Van der
Maaten-Theunissen, & Spiecker, 2012; De Swaef et
al., 2015).

Band dendrometers are amongst the most widely
used and accessible instruments to obtain continuous
measurements on stem radial variation (SRV)
(Deslauriers, Rossi, & Anfodillo, 2007; McMahon
& Parker, 2015) that can been used to study radial
growth, water status and transport, nutrition, carbon
relations, phenology of trees (De Swaef ef al., 2015).
According to Daudet et al. (2005), SRV is a result
of several simultaneously co-acting mechanisms
— reversible contraction and expansion of dead

conducting tissues due to fluctuations in internal
tensions, hydration induced reversible shrinkage and
swelling of living tissues, irreversible radial growth
and thermal expansion and contraction. Thus, the
extraction of radial growth from the time series of stem
radial variation is a crucial step for further analysis
(Deslauriers, Rossi, & Anfodillo, 2007; De Swaef et
al., 2015) and has been the main reason for criticism
of dendrometers (Makinen, Nojd, & Saranpaa, 2003).
Nevertheless, several methods such as ‘stem cycle
approach’ and ‘daily approach’ have been elaborated
to extract growth signal from the time series of SRV
(Downes, Beadle, & Worledge, 1999; Deslauriers,
Rossi, & Anfodillo, 2007; Deslauriers et al., 2011).

While traditional forestry tends to focus on
single species stands, ecological modelling has
shown that stands with several species coexisting in
complementary niches may be more productive due
to a higher use of the available resources (Loreau &
Hector, 2001; Morin et al., 2011). Such mixed species
stands are also believed to be less vulnerable to
uncharacteristic and extreme weather events caused by
climate change due to spatial and temporal differences
of limiting factors of coexisting species (Shanin et al.,
2013).

Norway spruce is the third most widely used
tree species in forestry in Latvia covering 18% of all
forest area (State Forest Service of Latvia, 2017) and
is commonly used in single species stands. The aim
of the study was to assess the intra-annual SRV and
the effect of meteorological parameters on SRV of
Norway spruce growing in mixed species stand over
one growing season.
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Materials and Methods

Throughout the growing season of 2013, SRV
was monitored for one 60 years old Norway spruce
tree located in a mixed-stand with black alder (A4/nus
glutinosa (L.) Gaertn.), Scots pine (Pinus sylvestris
L.) and common aspen (Populus tremula L.) on wet
and nutrient rich peat soil in north-west Latvia (57°40’
N lat., 22°19’ E long.). The forest type corresponded
to Filipendulosa (Buss, 1976). In the study area,
climatic conditions are affected by dominant oceanic
air masses, providing this area with relatively mild
weather throughout the whole year where 30-year
mean air temperatures in July and February range from
+15.2 to -3.6 °C, respectively (Draveniece, 2007).
Meteorological parameters were monitored on-site
by the meteorological station Wireless Vantage Pro2
(Davis Instruments). In order to calculate the vapour
pressure deficit (VPD), saturation vapour pressure (€)
was found:

LRV(1273-1T)

, 1

e, =6.11xexp ()
where L is the latent heat of vaporization (2.5x
106 J kg'), Rv is the gas constant for water vapour
(461 J K kg). Afterwards, calculation of VPD was
done as:
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where RH is relative humidity.

Monitoring of SRV started on the 113th day of
the year (DOY 113) (23 April) and continued for
195 days (Fig. 1, (C)). Stem radial variation was
measured hourly by automatic band dendrometer
DRL26C (EMS Brno, Czech Republic) which was
placed 130 cm above the ground. To reduce the impact
of hygroscopic swelling and shrinkage, a partly
loosened outermost layer of bark was removed before
installing of dendrometer. Time series of cumulative
SRV was divided into contraction (C), recovery (R)
and increment (I) phases by the stem cycle approach
(Downes, Beadle, & Worledge, 1999; Deslauriers et
al., 2003). This method defines: C as a period between
the first maximum of stem radius and consecutive
minimum; R as a period from minimum until the point
where previous maximum has been reached or until the
beginning of the next contraction phase; I as a period
until the next maximum resulting in either positive
or negative value, depending on whether or not the
previous maximum has been exceeded (Deslauriers
et al., 2003; Vieira et al., 2013). Cycle consisted of
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Figure 1. (A) Mean diurnal air temperature (black line) and precipitation sum (bars), (B) solar radiation (bars),
VPD (grey line) and daytime length (black line), (C) stem radial variation per day of year (DOY). Vertical
lines in (C) separate distinct periods of increment: Period 1 — winter/spring dormancy; Period 2 — spring/
summer growth; Period 3 — growth termination; Period 4 — autumn hydration fluctuations.
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phase C followed by phase R and of phase I, in case
the increment occurred before the next contraction.
For each cycle duration and amplitude of variation
was calculated. The amplitude of SRV and phase I
were used as criteria to divide the series of cumulative
SRV in four periods - winter/spring dormancy (P1),
spring/summer growth (P2), growth termination (P3)
and autumn hydration fluctuations (P4). These periods
were determined as follows: P1 — as a period before
the beginning of continuous positive increment; P2
— a period from the beginning of continuous positive
increment until spring/summer maximum (the point
after which increment continued notably slower); P3
from the end of P2 until SRV started to fluctuate greatly
but with a relatively insignificant increment; P4 as a
period of the greatest fluctuations in SRV but almost
no increment. Besides the aforementioned criteria, in
the stem cycle approach the exact division between
periods depends also on expert opinion (Vieira et
al., 2013), thus complicating a precise replication of
the study. Nevertheless, the impact of expert opinion
cannot significantly alter the results.

Pearson’s correlation analysis was performed to
assess the effect of meteorological conditions on SRV
at different phases and separately for each period.
For the correlation analysis, hourly maximum and
minimum air temperature, sum of precipitation, VPD
and solar radiation were used. To avoid the misleading
effect of missing data and different lengths of periods
of SRV on results of statistical tests, correlation
analysis was validated using bootstrap procedure
with 10’000 iterations (Vieira et al., 2013). All steps
of data analysis were carried out using statistical
package R 3.3.2. (R Core Team, 2013). Its package
‘dendrometeR’ was used (Van der Maaten et al., 2016)
to apply the stem cycle approach.

Results and Discussion
Seasonal and diurnal SRV

SRV followed clear seasonal pattern showing
notable differences in amplitude and duration of
phases within each period (Fig. 1 C). During the P1,
only slight fluctuations in SVR were present, except
for the abrupt swelling and shrinkage observed at the
very beginning of SVR monitoring. This extrinsic
pattern might be caused by the sudden increase
followed by decrease in temperature (Fig. 1 A),
which may have led to the release of water from the
living tissues as part of physiological mechanism to
avoid intracellular freezing (Ameglio, Cochard, &
Ewers, 2001; Charrier, Cochard, & Ameglio, 2013). A
positive radial increment started at DOY 138, marking
the start of P2. Within P2, cumulative curve of SRV
followed a relatively sharp and steady increment
with just minor (in terms of duration and amplitude)
phases C and R (Fig. 1 A; Fig. 3). P2 lasted for 58

days and the mean amplitude of stem radial variation
during it reached 0.06 mm while the length of phase
I reached up to two days. Transition between P2 and
P3 occurred in the second part of June, but was not
as obvious as transition between the first two periods.
During P3, the increment trend of cumulative curve
of SRV started flattening due to decrease in duration
and amplitude of phase I (Fig. 3 C & F) and increase
of duration of phases R and C (Fig. 3 A, B, D & F).
P4 started in the beginning of August, and during it,
the greatest amplitude of all three phases and almost
even apportionment of duration of these phases was
observed, resulting in the most notable fluctuations
in cumulative curve of SRV. The maximum stem
diameter was observed at the end of September and
can be attributed to rehydration of stem in response to
replenishment of soil water content rather than radial
growth (Deslauriers, Rossi, & Anfodillo, 2007).

Contrary to the results of studies on intra-annual
SRV of trees growing in drought prone environment
(Vieira et al., 2013), in our study the increment
continued to increase since the start of P2, while
notable shrinkage of stem at late summer was not
observed. An increase of temperature in late summer
and its cumulative effect leads to decline in soil water
content, while the transpiration demand increases with
temperature and daytime length (Herzog, Hasler, &
Thum, 1995). Thus, to minimize the risk of hydraulic
failure the transpiration demand is reduced by stomatal
closure, resulting in lower metabolic activity and,
consequently, decline of radial growth (Zweifel et al.,
2006; King et al., 2013). Apparently, in our study site
water availability was sufficient throughout the whole
growing season not imposing tree to enter quiescence.
Low values of VPD and an increase in precipitation
during P3 and P4 correspond to this assumption (Fig.
1 A&B).

Similarly as in the study of Vieira et al. (2013),
diurnal fluctuations in SRV followed a rather similar
trend during all four periods (Fig. 2). The highest
value of stem diameter was observed from 4 till 9 AM,
with the peak value earlier in the morning in P2 and
P3 which were characterized with a higher daytime
length. While, due to internal transport of water from
storage to conductive tissues to meet the transpiration
demand (Herzog, Hasler, & Thum, 1995; King et al.,
2013), stem diameter was the lowest during the middle
of the day and started to replenish in the evening.
Maximum mean diurnal amplitude of SRV (0.06 mm)
was observed in P2.

Response of SRV to meteorological parameters
Response of amplitude and duration of SRV to
meteorological parameters differed between phases
and periods (Fig. 4). Contrary to the findings of
Vieira et al. (2013), climatic signal in duration was
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Figure 2. Diurnal cycle of stem radial variation in each period.
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Figure 3. Amplitude (A, B, C) and duration (D, E, F) of stem radial variation per phase (contraction — A and
D; recovery — B and E; increment — C and F). Bold line represents the median, box corresponds to lower
and upper quartile, whiskers show minimum and maximum values (within 150% of interquartile range from
median and outliers are shown by circles).

more clearly expressed than in amplitude of SRV
phases.

During P1, a strong negative correlation was
observed between the amplitude and duration of C
and both maximum and minimum temperatures, while
the temperature had a positive influence on duration
of R. Such results might be explained by rehydration

of stem before the beginning of growth that can be
observed for trees in cold environment (Deslauriers
et al., 2003). In P1, this phenomena was clearly
expressed during the abrupt swelling and shrinkage
at the very beginning of SRV monitoring when the
temperature fluctuated around the average minimum
threshold (4 — 5 °C) for xylogenesis reported by Rossi
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et al. (2008). However, after this abrupt swelling and
shrinkage notable rehydration was not observed until
the P2.

Duration of C showed a negative correlation with
temperature also in P2, P3 and P4, while the amplitude
of C had a negative correlation with temperature in
P3 and P4. These results can be explained by above-
mentioned diurnal cycle of internal water transport
between the tissues to meet the transpiration demand
during the warmest part of the day (Herzog, Hasler,
& Thum, 1995; King et al, 2013). The negative
correlation between solar radiation and both amplitude
and duration of C in P4 might be explained similarly,
considering the strong relationship between solar
radiation and temperature, especially in autumn when
the daytime length is the shortest (Fig. 1 B).

Except for the amplitude in P3, the increment in
terms of duration and amplitude was facilitated by
both temperature parameters and solar radiation in
all periods in which increment was observed (P2, P3
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and P4), and this relationship was the strongest in P4.
The positive effect of temperature on increment can
be explained by the direct influence of temperature
on assimilation and meristematic activity, e.g., cell
division, differentiation and elongation, while solar
radiation directly facilitates photosynthetic activity
(Pallardy, 2008).

Moisture requirements of Norway spruce are
relatively high, and a positive influence of increase in
summer precipitation on radial growth of this species
has been shown in numerous studies (Makinen et
al., 2002; Andreassen et al., 2006; Koprowski &
Zielski, 2006). However, in our study the influence
of precipitation on amplitude and duration of I was
negative in periods of the most active growth, e.g., P2
and P3. Furthermore, VPD positively influenced the
amplitude and duration of I in both of these periods.
Presumably, these results can be explained by sufficient
soil moisture level in the sampling site throughout the
season and possible negative effect of rise in moisture
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level caused by an increase in precipitation. In such
conditions, water molecules may fill the capillary
pores of soil, thus decreasing root respiration and water
absorption that consequently lead to stomatal closure
and reduced photosynthetic activity (Kozlowski,
1997; Parent et al., 2008). VPD values during both of
these periods, with a few exemptions, did not exceed
0.6 kPa (Fig. 1 B), meaning that the air was relatively
saturated and did not cause notable transpiration (Oren
et al., 1999; Zweifel & Hasler, 2000). Furthermore,
a lower competition between neighbouring trees for
soil water due to differences in depth and distribution
of root systems between species, may have facilitated
the independence of increment from precipitation of
the studied tree. Nevertheless, more comprehensive
studies involving several coexisting species, the
monitoring of sap flow and soil moisture level over
several years are needed to properly address this
question.

Climatic signal in R during P2 and P3 was less
pronounced than in I and C. Sufficient soil moisture
level throughout the monitoring of SRV, meaning that
water resources did not limit the recovery, could be the
reason for such results. While similar climatic signal in
R and C during P4 might be related to interdependency
between them, e.g., better rehydration leading to a
higher possible contraction and vice versa (Vieira et
al.,2013).
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the negative affect of decrease in precipitation on
productivity of this species might be lower.

Acknowledgements
The study was carried out in the project: ‘Forest
management risks: prognosis and minimization’.

1.  Ameglio, T., Cochard, H., & Ewers, FW. (2001). Stem diameter variations and cold hardiness in walnut
trees. Journal of experimental Botany, 52 (364), 2135 —2142. DOI: 10.1093/jexbot/52.364.2135.

2. Andreassen, K., Solberg, S., Tveito, O.E., & Lystad, S.L. (2006). Regional differences in climatic responses
of Norway spruce (Picea abies L. Karst) growth in Norway. Forest Ecology and Management, 222,211 —

221. DOI: 10.1016/.foreco.2005.10.029.

3. Bouriaud, O.,LebanJ.-M., Bert, D., & Deleuze C. (2005). Intra-annual variations in climate influence growth
and wood density of Norway spruce. Tree Physiology, 25 (6), 651 — 660. DOI: 10.1093/treephys/25.6.651.
4. Buss, K. (1976). Meza tipologija (Forest classification in Latvia). Riga: Science and manufacturing

congregation ‘Silava’. (in Latvian).

5. Charrier, G., Cochard, H., & Ameglio, T. (2013). Evaluation of the impact of frost resistances on potential
altitudinal limit of trees. Tree Physiology, 33, 891 — 902. DOI: 10.1093/treephys/tpt062.

6. Daudet, F.A., Améglio, T., Cochard, H., Archilla, O., & Lacointe, A. (2005). Experimental analysis of
the role of water and carbon in tree stem diameter variations. Journal of Experimental Botany, 56 (409),

135 — 144. DOI: 10.1093/jxb/eri026.

7. Deslauriers, A., Morin, H., Urbinati, C., & Carrer, M. (2003). Daily weather response of balsam fir (4bies
balsamea (L.) Mill.) stem radius increment from dendrometer analysis in the boreal forests of Quebec
(Canada). Trees, 17 (6), 477 — 484. DOI: 10.1007/s00468-003-0260-4.

8.  Deslauriers, A., Rossi, S., & Anfodillo, T. (2007). Dendrometer and intra-annual tree-growth: What kind of
information can be inferred? Dendrochronologia, 25 (2), 113 — 124. DOI: 10.1016/j.dendro.2007.05.003.

9. Deslauriers, A., Rossi, S., Turcotte, A., Morin, H., & Krause, C. (2011). A three-step procedure in SAS
to analyse the time series from automatic dendrometers. Dendrochronologia 29 (3), 151 — 161. DOI:

10.1016/j.dendro.2011.01.008.

10. Downes, G., Beadle, C., & Worledge, D. (1999). Daily stem growth patterns in irrigated Eucalyptus
globulus and E.nitens in relation to climate. Trees, 14 (2), 102 — 111. DOI: 10.1007/PL00009752.

RESEARCH FOR RURAL DEVELOPMENT 2017, VOLUME 1 91



Jekabs Dzenis, Oskars Kri$ans, INTRA-SEASONAL DEVELOPMENT OF RADIAL
Juris Katrevics, Andis Adamovics INCREMENT OF PICEA ABIES IN LATVIA

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Draveniece, A. (2007). Okeaniskas un kontinentalas gaisa masas Latvija (Oceanic and continental air
masses over Latvia). Riga: Latvijas Vegetacija. (in Latvian).

Herzog, K.M., Hasler, R., & Thum, R. (1995). Diurnal changes in the radius of subalpine Norway spruce
stem: their relation to the sap flow and their use to estimate transpiration. Trees, 10 (2), 94 — 101. DOI:
10.1007/BF00192189.

King, G., Fonti, P., Nievergelt, D., Buntgen, U., & Frank, D. (2013). Climatic drivers of hourly to yearly
tree radius variations along a 6 °C natural warming gradient. Agricultural and Forest Meteorology, 168,
36 —46. DOL: 10.1016/j.agrformet.2012.08.002.

Klavins, M., & Rodinov, V. (2010). Influence of large-scale atmospheric circulation on climate in Latvia.
Boreal Environment Research, 15 (6), 533 — 543.

Koprowski, M., & Zielski, A. (2006). Dendrochronology of Norway spruce (Picea abies (L.) Karst.) from
two range centres in lowland Poland. Trees - Structure and Functions, 20 (3), 383 —390. DOI: 10.1007/
s00468-006-0051-9.

Kozlowski, T.T. (1997). Responses of woody plants to flooding and salinity. Tree Physiology Monograph,
1 (7), 1 -29. DOI: 10.1093/treephys/17.7.490.

Lindner, M., Fitzgerald, J.B., Zimmermann, N.E., Reyer, C., Delzon, S., Van der Maaten, E., Schelhaas, M.J.,
Lasch, P., Eggers, J., Van der Maaten-Theunissen, M., Suckow, F., Psomas, A., Poulter, B., & Hanewinkel,
M. (2014). Climate change and European forests: What do we know, what are the uncertainties, and what
are the implications for forest management? Journal of Environmental Management, 146, 69 — 83. DOI:
10.1016/j.jenvman.2014.07.030.

Loreau, M., & Hector, A. (2001). Partitioning selection and complementarity in biodiversity experiments.
Nature, 412,72 —76. DOI: 10.1038/35083573.

Makinen, H., Nojd, P., & Saranpaa, P. (2003). Seasonal changes in stem radius and production of new
tracheids in Norway spruce. Tree Physiology, 23 (14), 959 — 968. DOI: 10.1093/treephys/23.14.959.
Makinen, H., Nojd, P., Kahle, H.P.,, Neumann, U., Tveite, B., Mielikainen, K., Rohle, H., & Spiecker, H.
(2002). Radial growth variation of Norway spruce (Picea abies (L.) Karst.) across latitudinal and altitudinal
gradients in central and northern Europe. Forest Ecology and Management, 171 (3), 243 — 259. DOI:
10.1016/S0378-1127(01)00786-1.

Matisons, R., & Brumelis, G. (2012). Influence of climate on tree-ring and earlywood vessel formation in
Quercus robur in Latvia. Trees, 26 (4), 1251 — 1266. DOI: 10.1007/s00468-012-0701-z.

McMahon, S.M., & Parker, G.G. (2015). A general model of intra-annual tree growth using dendrometer
bands. Ecology and Evolution, 5 (2), 243 —254. DOI: 10.1002/ece3.1117.

Michelot, A., Simard, S., Rathgeber, C., Dufrene, E., & Damesin, C. (2012). Comparing the intra-annual
wood formation of three European species (Fagus sylvatica, Quercus petraea and Pinus sylvestris) as
related to leaf phenology and non-structural carbohydrate dynamics. Tree Physiology, 32 (8), 1033 — 1045.
DOI: 10.1093/treephys/tps052.

Morin, X., Fahse, L., Scherer-Lorenzen, M., & Bugmann, H. (2011). Tree species richness promotes
productivity in temperate forests through strong complementarity between species. Ecology Letters, 14
(12), 1211 - 1219. DOI: 10.1111/j.1461-0248.2011.01691 .x.

Oren, R., Sperry, J.S., Katul, G.G., Pataki, D.E., Ewers, B.E., Phillips, N., & Schafer, K.V.R. (1999).
Survey and synthesis of intra- and interspecific variation in stomatal sensitivity to vapour pressure deficit.
Plant, Cell and Environment, 22 (12), 1515 — 1526. DOIL: 10.1046/j.1365-3040.1999.00513 x.

Pallardy, S.G. (2008). Physiology of woody plants. Third ed. London: Elsevier.

Parent, C., Capelli, N., Berger, A., Crévecoeur, M., & Dat, J.F. (2008). An overview of plant responses to
soil waterlogging. Plant Stress, 2 (1), 20 —27.

R Core Team. (2013). R: A language and environment for statistical computing. Vienna: R Foundation for
Statistical Computing.

Rossi, S., Deslauriers A., Gricar, J., Seo, J.-W., Rathgeber C.B.K., Anfodillo, T., Morin, H., Levanic, T.,
Oven, P., & Jalkanen, R. (2008). Critical temperatures for xylogenesis in conifers of cold climates. Global
Ecology and Biogeography, 17, 696 —707. DOI: 10.1111/j.1466-8238.2008.00417 .x.

Senhofa, S., Zeps, M., Matisons, R., Smilga, J., Lazdina, D., & Jansons, A. (2016). Effect of climatic
factors on tree-ring width of Populus hybrids in Latvia. Silva Fennica, 50 (1). DOI: 10.14214/sf.1442.
Shanin, V., Komarov A., Khoraskina, Y., Bykhovets, S., Linkosalo, T., & Makipaa, R. (2013). Carbon
turnover in mixed stands: Modelling possible shifts under climate change. Ecological Modelling, 251,
232 - 245,

92

RESEARCH FOR RURAL DEVELOPMENT 2017, VOLUME 1



INTRA-SEASONAL DEVELOPMENT OF RADIAL Jekabs Dzenis, Oskars Krisans,
INCREMENT OF PICEA ABIES IN LATVIA Juris Katrevic¢s, Andis Adamovics

32.

33.
34.
35.

36.

37.

38.

39.

40.

Sheppard, P.R. (2010). Dendroclimatology: extracting climate from trees. Wiley Interdisciplinary Reviews:
Climate Change, 1 (3), 343 — 352. DOI: 10.1002/wcc.42.

Speer, J.H. (2010). Fundamentals of tree-ring research. Tucson: The University of Arizona Press.

State Forest Service of Latvia. (2017). Public report of 2016. Riga: State Forest Service of Latvia.

Swaef, T.D., Schepper, V.D., Vandegehuchte, M.W., & Steppe, K. (2015). Stem diameter variations as a
versatile research tool in ecophysiology. Tree Physiology, 35 (10), 1047 — 1061. DOI: 10.1093/treephys/
tpv080.

Van der Maaten, E., Van der Maaten-Theunissen, M., & Spiecker, H. (2012). Temporally resolved intra-
annual wood density variations in European beech (Fagus sylvatica L.) as affected by climate and aspect.
Annals of Forest Research, 55 (1), 113 — 124. DOI: 10.15287/afr.2012.83.

Van der Maaten, E., Van der Maaten-Theunissen, M., Smiljanic, M., Rossi, S., Simard, S., Wilmking, M.,
Deslauriers, A., Fonti, P., Von Arx, G., & Bouriaud, O. (2016). dendrometeR: Analyzing the pulse of trees
in R. Dendrochronologia, 40, 12 — 16. DOI: 10.1016/j.dendro.2016.06.001.

Vieira, J., Rossi, S., Campelo, F., Freitas, H., & Nabais, C. (2013). Seasonal and daily cycles of stem radial
variation of Pinus pinaster in a drought-prone environment. Agricultural and Forest Meteorology, 180,
173 — 181. DOI: 10.1016/j.agrformet.2013.06.009.

Zweifel, R., & Hasler, R. (2000). Frost-induced reversible shrinkage of bark of mature subalpine conifers.
Agricultural and Forest Meteorology, 102 (4), 213 —222. DOI: 10.1016/S0168-1923(00)00135-0.
Zweifel, R., Zimmermann, L., Zeugin, F., & Newbery, D.M. (2006). Intra-annual radial growth and
water relations of trees: implications towards a growth mechanism. Journal of Experimental Botany, 57
(6), 1445 — 1459. DOLI: 10.1093/jxb/erj125.

RESEARCH FOR RURAL DEVELOPMENT 2017, VOLUME 1 93



	Jēkabs Dzenis, Oskars Krišāns, Juris Katrevičs, Andis Adamovičs. 13.	Intra-seasonal development of radial increment of Picea abies in Latvia.
	Abstract
	Key words
	Introduction
	Materials and Methods
	Results and Discussion
	Seasonal and diurnal SRV
	Response of SRV to meteorological parameters

	Conclusions
	Acknowledgements
	References



