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Abstract

We present the 1976-2010 results of a study on seasonal circumference growth carried out in NE Lithuania. The
growth variations were recorded every three days using manual band dendrometers installed on 29 trees: 23 Scots pines
(Pinus sylvestris L.), 3 Norway spruces (Picea abies (L.) Karsten) and 3 silver birches (Betula pendula Roth). The
average onset of the growth was observed between May 6-10 and the cessation between August 28-30; growth on average
lasted for 111-117 days. The growth onset and cessation time were highly variable among individual trees. A tendency
for an earlier onset and cessation, and for an increase in growth duration from 1976 to 2010 was observed. Pine and
spruce reach their maximum growth in June, while the birch culminated in July. Birch demonstrated much slower growth
in April and May in comparison to pine and spruce. Our study has revealed a tendency of an increasing growth rate
during April-June and an inverse trend in July and August.
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Introduction

The seasonal circumference growth of trees has
been widely used investigating the duration of tree
vegetation as well as studying the dynamics of growth
during the growing season and its relationship with
environmental factors (Deslauriers et al. 2007, Detienne
et al. 1988, Downes et al. 1999, Diinisch et al. 2002,
Marion et al. 2007).

Various methods are used for the investigation of
seasonal circumference growth (Mékinen et al. 2008), such
as dendrometers (Deslauriers et al. 2007, Kahle 2005, Pook
et al. 1977), pinning (Seo et al. 2007, Wolter 1968), and
micro-coring (Marion et al. 2007, 3abyra and 3a0yra
1991). Dendrometers record the intra-annual stem growth
including cell division and enlargement of phloem and
xylem (irreversible stem reaction) and reversible diurnal
stem shrinkage and expansion caused by hydration shifts
(3abyra and 3abyra 1991). Due to this, dendrometers
have been criticized when short-term growth is studied,
when the reversible variations are higher than wood
growth, inevitably introducing errors in the measured
data (Zweifel and Hésler 2001). Pinning and micro-sam-
pling enable a direct assessment of cambial cell division
and following wood formation (Marion et al. 2007, Pook
et al. 1977, 3a0yra and 3abyra 1991). Taking of micro-
samples leaves small wounds on the stem. Hence, repeat-
ed sampling should be done from different places around

the trunk and thus limits the time for continuous sam-
pling from the same tree.

Therefore, manual band dendrometers were cho-
sen when a long-term study of seasonal growth was
started in 1976, expecting to upgrade them to automat-
ic dendrometers in future. Until now, the data from
1976-1980 and 1994-1998 were analyzed (Karpavicius
and Vitas 2000, Vitas 2002, burBunckac et al. 1981,
burBunckac 1984). Hence, the most of the data re-
mains still unpublished.

In this paper, we present the investigation of sea-
sonal circumference growth of pine, spruce, and birch
in NE Lithuania. Our objectives were to define the
onset, cessation, and duration of growth together with
growth rate during the growing season; in particular,
we wanted to ascertain the shifts of these growth in-
dicators during the whole monitoring time from 1976
to 2010.

Material and methods

Study area

The investigation was carried out on an experi-
mental plot located in the Aukstaitija National Park,
vicinity of Vaisnoriske (55°25°33”N 26°01°45”E). The
Laboratory of Dendrochronology selected this re-
search plot in 1976 for a continuous monitoring of
seasonal growth using band dendrometers. The ter-
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rain is located 158-166 m above sea level and slightly
uprising from south to north of the plot. The plot of
ca. 1 ha in size is overgrown by a mixed pine forest
with spruces and birches. The forest type of the stand
was determined as Vaccinio-myrtillo-Pinetum and the
soil as arenosol with insertions of gravel and cobbles.
The ground water table is deeper than 5 m (Vitas 2006).
According to the inventory of 2001, 198 pines, 35
birches, 23 spruces, and 6 trees of other species grew
on the plot. Natural mature forest predominates, while
in a small part pines were planted after the Second
World War.

In Lithuania, the climate changes from maritime to
continental. The study area belongs to the climate
region of Aukstaitija (Bukantis 1994), which is char-
acterized by the most continental conditions with cold-
est winters. The mean monthly air temperature from
1976-2010 ranges from -5.4°C in February to +17.2°C
in July (Fig. 1). The average annual temperature is
+5.8°C. The monthly amount of precipitation ranges
from 38.1 mm in April to 69.8 mm in August and the
yearly average is 667.1 mm.
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Figure 1. Average monthly air temperature and amount of
precipitation in Vaisnoriskeé 1976-2010

Methods

Manual band dendrometers for monitoring sea-
sonal growth were installed on 24 pines, 3 spruces,
and 3 birches in 1976. At present, the growth of 23
pines, 3 spruces, and 3 birches of co-dominant and
dominant crown categories is measured. It is known
that dominant trees start to grow earlier and their grow-
ing season lasts longer than that of intermediate trees
(Topssue 1981, Kaiiprokmruc and Konpampkuc
1970). Due to drying-out of trees, mainly caused by
Peridermium pini (Pers.) Lev. and Fomitopsis annosa
(Fr.) Karst., the number of investigated pines fluctu-
ated by two to three trees and spruces and birches
by one tree (Karpavicius and Vitas 2000). The circum-

ference growth was measured using mechanic or elec-
tronic callipers every three days from spring (end of
April or beginning of May) until autumn (end of Au-
gust or beginning of September) within 0.01 mm accu-
racy (Fig. 2). The radial growth could be easily extract-
ed from original measurements by dividing the data
by 2n. The principle and installation of band dendrom-
eters are comprehensively discussed by B. D. Keeland
and P. J. Young (available online: http://www.nwrc.
usgs.gov/Dendrometer/).

Figure 2. Band dendrometer installed on pine tree; arrows
show measuring points for the circumference growth

In this article, we analyzed data of seasonal
growth from 1976-2010; the data for 1987 and 1992 got
lost. The impact of cambium swelling in spring was
removed by visual inspection of individual tree growth
curves. Slight increase of circumference followed by
the plateau phase was removed from the processed
growth curves. The growth onset and cessation were
determined for individual trees during each growing
season and growth duration was calculated. The
growth rate percentage from the total annual growth
for each month was counted (April-May, June, July,
and August-September). The statistical analysis was
performed using Statistica 6.0 (StatSoft Inc. Tulsa).

Results

The average radial growth of pine, spruce, and
birch from 1976-2010 was 0.82+0.03, 1.55+0.06, and
1.344+0.06 mm per annum, respectively. The chronolo-
gies are presented in Figure 3; pine shows a slightly
increasing but birch a slightly decreasing trend (Ta-
ble 1). Hence, the average growth was highest for
spruce, lower for birch and lowest for pine.
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Figure 3. Average annual radial growth of pine, spruce, and
birch from 1976-2010

Table 1. Trend-line characteristics of radial growth; a - slope
of the line, R*= coefficient of determination

Species Pine Spruce Birch
Feature a R? a R? a R?
Average radial growth 0.01 045 0.00 0.01 -0.01 0.1
Onset of the radial growth -057 043 -061 050 -040 0.18
Cessation of the radial growth -0.21 0.08 -029 018 -0.20 0.08
Duration of the radial growth 0.36 0.14 0.31 012 020 0.08
Growth rate in Apri-May 0.30 0.06 043 022 028 0.12
Growth rate in June 0.03 0.00 0.20 0.06 048 0.37
Growth rate in July -046 019 -048 0.2 -055 035

Growth rate in August-September 0.09 0.01 -024 008 -041 0.27

The average onset of the growth of pine, spruce,
and birch (Fig. 4, top) was observed on 128.7+1.5,
125.6%1.5, and 130.4+1.6 day of the year (correspond-
ing to 9% 6% and 10" of May). The earliest onset of
the growth of pine, spruce, and birch occurred in 2000
and 2007 (22" of April). The latest growth onset of
pine was recorded in 1979 (1% of June), spruce in 1976
(24% of May), and birch in 1980 (1 of June).

The growth of pine, spruce, and birch has ceased
on average on 240.5+1.2, 242.3+1.2, and 241.6+1.2 day,
respectively (that means between 28" and 30" August)
(Fig. 4, middle). The earliest cessation of the growth
of pine and birch occurred in 1990 (17* and 14" of
August) and of spruce in 2000 (14" of August). The
latest cessation of the growth was observed in 1997
(13%, 15", and 12" of September, respectively).

The growth of pine, spruce, and birch on aver-
age lasted for 111.8+1.6, 116.8+1.6, and 111.3£2.0 days
(Fig. 4, bottom). The shortest growth was noticed in
1979, 1976, and 1980 and lasted for 87, 95, and 87 days,
respectively, whereas the longest growth period was
observed in 1997 and lasted for 130, 138, and 133 days,
respectively.
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Figure 4. Average onset, cessation, and duration of seasonal
circumference growth of pine, spruce, and birch. Onset and
cessation are shown in days of the year, and duration is
expressed in number of days

We have observed a high variability between in-
dividual trees in onset, cessation, and duration of
growth. The onset is more variable in comparison to
the growth cessation (10.5+1.2 and 9.440.9, respective-
ly). These differences among pine, spruce, and birch
will not be analyzed because of different numbers of
investigated trees for each species.

Figure 4 shows highly synchronous growth on-
sets, cessations and durations of tree species (corre-
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lations ranging from 0.69 to 0.90, p<0.001). The growth
onset curves of pine, spruce, and birch show a pro-
nounced downward trend (slope coefficient a=-0.57,
-0.61, and -0.40, respectively) (Table 1). Hence, the
growth onset from 1976-2010 tends to start earlier. The
cessation of growth tends to finish earlier, but the
trends are less pronounced (a=-0.21, -0.29, and -0.20).
The duration of growth is slightly increasing (a=0.36,
0.31, and 0.20).

The average seasonal growth characteristics and
growth curves of pine, spruce, and birch in April-May,
June, July, and August-September from 1976-2010 are
presented in Table 2 and Figure 5. It is evident that
pine and spruce growth culminates in June (38.2% and
35.5% from the total growth). Spruce shows the more
pronounced growth in July in comparison to pine (27.3
and 22.6% accordingly). Birch demonstrates a much
slower growth rate in April-May (11.0%) and higher
growth rate in July (37.7%).

Table 2. Average seasonal growth of pine, spruce, and birch
(in % of the entire season) in April-May, June, July, and
August-September from 1976-2010

Tree species
. pine spruce birch
Period
April-May 241421 243+16 11.0+1.3
June 38.2¢1.9 35514 36.0+1.3
July 22.6+1.8 27.3+1.5 37.7x16
August-September 16.9+1.8 13.6+1.4 16.9+1.3
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Figure 5. The average percentage radial growth of pine,
spruce, and birch during every nine days from 1976-2010

The average growth rate curves for pine, spruce,
and birch during April-May, June, July, and August-
September (Fig. 6) show a tendency among all species
for an increase of the growth in April-June and an
inverse tendency for July-August, except a slight
positive trend of pine in August-September (Table 1).

50 April-May
< 40 /\ A
S, Dy DAL AN A
s VAVWAV VAN
'% 20 - - V'\ /-‘\/II‘\ ‘ /\‘ — ll\\‘
O AVITTARATAU IR SR TENE R
/i\./\\/ s Y i
0 T I\I/I\lI LI NN N N N N N N A N N I N B B B | \II T T
2 2 8§ 22 8 %2 8 8 8 8
2 2 2 2 2 2 2 2 g &8 &
pine
Years spruce
----- birch
.80 June
N
g 60
B0 A \/\_. /\/\V ,/\,A/‘V/Q
O 0 T 1T TTT LI I N N N R R N N N L A A I I R B B B B |
o (=2} o w (= o o N [\l wv o0
2 2 & & & 2 8 8 § § §
Years pine
spruce
————— birch
Jul
60 =
i" 30 \I_'//K \'\:/'\'\_ N
£ 3% NTARWAVASASNY A/ NEN
g Y vy
0 T L L L L L L LN N B I R BN I B B B B T 1T T T
o N (o] w N o o (=2} o Ual o0
c~ [l oo oo (e} N N (=) (=3 (=3 (=4
2 2 2 2 2 2 2 2 g & &
Years pine
spruce
————— birch
A t-Septemb
50 ugus e/t)em er
s
g A ) /1
s 30 VAN it
S T YAV AR
. A -
g o NI S RTINS A L2 VAYL
A AN \4
0 V|| T 1T T T T T T 1T lltl//l T IVIVI T L T
o N o el (= o el N o v [}
S 8 & &8 &8 & &8 & & & 8
— — — — — — — — (o] (o] o
Years pine
spruce
————— birch

Figure 6. Average seasonal growth rate of pine, spruce, and
birch (in % of the entire season) in April-May
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The main differences among pine, spruce, and birch
are as follows:

* The growth rate trend of pine is less pronounc-
ed in June, and in August-September it does not tend
to decrease in comparison to spruce and birch.

* The most evident upward trend for spruce is
noticed in April-May.

* The birch growth rate in June is increasing at
most together with the most pronounced inverse trend
in July-September.

Discussion

Until now, an extensive number of studies on
seasonal circumference growth were conducted. Due
to a wide range of climatic conditions, the results
contradict sometimes and cannot be directly compared
to each other. For example, a great deal of studies was
conducted in tropical forests (e.g., Biondi et al. 2005,
Detienne and Barbier 1988, Downes et al. 1999, Diinisch
et al. 2002). On the other hand, most investigations
lasted usually only for a few years.

The growth onset and duration depend on the
geographical latitude, i.e., climatic conditions. For ex-
ample, the coniferous growth in Siberia (Putorana
Mountains) begins in the third decade of June and
lasts for 45-50 days until the middle of August (Kasn-
nenaku and JlempssHoB 1982). The growth duration
of spruce and pine in South Siberia and South Ural is
longer and spans from the beginning of June to the
second half of August (I'opstueB 1981, 3a0yra et al.
1983, IManapun and Cosonbko 1976, Tepckos et
al. 1981). Similar growth duration was found for trees
in Karelia (Kumenko 1978). A recent investigation
by Seo et al. (2011) in the northern boreal zone of Fin-
land has revealed a growth duration of pine of 49-63
days. The growth of aspen in Estonia lasts for 95-100
days (Tamm and Tyminyc 1991) and growth of silver
fir and European beech in the Czech Republic lasts for
133-140 days (Knott 2004). According to our investi-
gations, the growth from 1976-2010 started in the first
decade of May and ceased at the end of August (Fig.
4). Hence, the circumference growth of pine, spruce,
and birch lasted on average for 111-117 days. The
growth onset time is more variable among trees, while
the cessation time is more uniform.

The average growth was highest for spruce, low-
er for birch and lowest for pine. We suspect that it is
related to the spruce tolerance for shading under a
closed canopy as well as genetic differences of the
trees. The growth onset differences of spruce and
birch are statistically significant (p=0.03); the growth
of birch on average starts four days later than of
spruce. The growth duration is longest for spruce (by

4-5 days) in comparison to birch and pine (p=0.03).

Previous investigations on the seasonal circum-
ference growth dynamics in northern Lithuania (Birzai
vicinity) were presented by Kairitkstis (1963) and
Kaiiprokmruc and K0onsanekuc (1970). They found
that the growth of spruce lasts on average 87+3 days
and of birch 91+£8 days from 1954-1966. The average
onset of the growth was observed on 17" and 21* of
May and cessation was noticed on 12" and 21* of
August, respectively (Kaiiprokmruc and Ion-
Banbkuc 1970). This suggests that the growth dura-
tion of spruce and birch from 1954-1966 to 1976-1980
has increased by 21 and 9 days with an annual in-
crease rate of 1.2 and 0.5 days per annum, respective-
ly. According to our study, the duration of the growth
of spruce and birch from 1976-1980 to 2006-2010 in-
creased by 0.3 and 0.4 days per annum (Table 1).

The growth onset trend of the tree species from
1976-2010 is more pronounced in comparison to the
cessation trend, and it determines an upward trend in
growth duration during the study period (Table 1). The
increase in growth duration perhaps is triggered by
climate warming, which is especially obvious during
the last decades. A similar increase in the duration of
plant vegetation in Lithuania was also reported by
Ozolinéius (2011).

The highest growth rate for pine and spruce was
observed in June (38.2+1.9% and 35.5+1.4% of the an-
nual growth, respectively). Studies carried out in Sibe-
ria described the highest growth rate for conifers from
June-middle of July (Topsiuer 1981, 3abyra et al.
1983). This is in agreement with the study in Finland
by Seo et al. (2011), where nearly two thirds of the ra-
dial growth of pine was measured from mid June-mid
July; growth culminated in the second half of June. On
the contrary, Fiedler and Wenk (1973) in Germany found
the highest growth rate for spruce in June-August and
for pine in May-June. Their study was carried out at
lower latitudes and consequently, tree growth was af-
fected by warmer climatic conditions. The birch dem-
onstrates slower growth in April-May and highest
growth rate in July (11.0+1.3% and 37.7+1.6%, respec-
tively). Perhaps, this is related to differences between
deciduous and coniferous trees: evergreen conifers start
vegetation more promptly than deciduous trees, in
which the photosynthetic rate increases gradually to-
gether with leaf surface (MacDougal 1938). This is in
agreement with our observations that the growth of birch
on average starts four days later than spruce growth
and corresponds to the results by Kairitkstis (1963) and
Kaitprokmtuc and FOoxeanekuc (1970), where the
more rapid growth onset of spruce as compared to birch
was established. Knott (2004) obtained similar results
in the Czech Republic, where fir reached a maximum in
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May and beech in June-July. On the other hand, this
contrasts to the results of Tamm and Tullus (1991) in
Estonia, where the highest growth rate for aspen was
found in spring and beginning of summer.

There is a tendency among all species for an in-
crease of growth in April-June and an inverse tenden-
cy in July-August (Table 1, Fig. 6). Hence, the growth
is being shifted into spring and first half of summer.
Probably, this is another evidence of climate warming
(Ozolincius 2011).

Conclusions

From 1976-2010, circumference growth of pine,
spruce, and birch was monitored in NE Lithuania us-
ing mechanical band dendrometers. The investigations
have revealed the seasonal growth peculiarities of
these tree species. The average onset of growth was
observed on 6-10 of May and cessation on 29-30 of
August. The growth duration was on average 111-117
days. However, the growth onset and cessation time
are highly variable among individual trees. It is evi-
dent that the growth onset time is more variable in
comparison to cessation time. The growth onset from
1976-2010 tends to start and cease earlier. Because the
growth cessation trend is less pronounced in compar-
ison to the onset trend, an increase in growth dura-
tion is noticeable.

Pine and spruce reach their maximum growth in
June (Table 2), and birch in July (38.2+1.9%, 35.5+1.4%,
and 37.7+1.6% from the annual growth, respectively).
Birch shows much slower growth in April-May. Our
research has revealed the common tendency for inves-
tigated tree species of a growth rate increase in April-
June and an inverse trend in July-August. However,
tree species-related specifics are notable. The growth
rate of spruce tends to increase at most in April-May,
and birch in June. Pine exhibits the slight growth in-
crease in August-September in comparison to spruce
and birch.

These results are still preliminary. For a more pre-
cise interpretation, it is necessary to assess the sea-
sonal influence of climatic factors on various tree
species and its changes during the vegetation season.
At present, it is impossible to answer several ques-
tions related to differences among tree species, e.g.,
why the growth duration of spruce lasts longer than
that of pine and birch, why the growth rate increase
in spruce in April-May is more pronounced than in pine
and birch and why the growth of birch tends to in-
crease notably in June and decrease in July?

In spite of these limitations, our study extends the
current knowledge on the growth of pine, spruce, and
birch during the vegetation season by pointing out the

shifts in growth onset, cessation, duration, and growth
rate during separate months of the vegetation season.
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CE30HHAS BAPUALIUA ITIPUPOCTA COCHBI, EJIN, U BEPE3bl B CEBEPO-
BOCTOYHOM YACTH JHUTBBI, 3APETUCTPUPOBAHHASI IIPU IMOMOIIH
JIJEHTOYHbIX JEHJAPOMETPOB

A. Burac

Pesrome

Mb1 npescTariIsieM pe3ysbTaThl HCCIeN0BaHUs IpoBeleHHOro B 1976-2010 Ha ce30HHOM MPUPOCTE AEPEBLEB B CEBEPO-
BOCTOYHOHM YacTH JIuTBEI. V3MeHeHUs pocTa OBUTH PEerHCTPUPOBAHBI KaXIbIe TPU IHS, UCIIOJIB3Ys Py4YHBIE JICHTOUHBIE
JIeHIpOMETpH! Ha 29 nepeBbsx: 23 cocHBI OOBIKHOBeHHOHU (Pinus sylvestris L.), 3 emu obbikHOBeHHOH (Picea abies (L.)
Karsten) u 3 moBucnoii 6epessl (Betula pendula Roth). Poct B TedeHnn neproaa uccieoBaHus B cpeIHeM HadnHAICS ¢ 6-10-
ro mas u npekpamaincs 29-30-ro aBrycta; poct B cpeaneM mmwics 111-117 gueit. Mbl 0OHapyXuiiu, 4YTO Ha4ajao M BpeMs
IpeKpalieHus OIPUPOCTa OYeHb MEHSJIUCh CpeJu MHAMBUIAyalIbHBIX AepeBbeB. TeHaeHnus Oojee paHHEro Havaja,
NpPEeKpaIeHus], U YUTHHEHNS TIPOIODKUTENIBHOCTH PocTa Oblla ycraHoBieHa B nepuon ¢ 1976 no 2010 rox. CocHa u enb
JOCTUTAIOT MX MaKCHMAJIBHOTO IIPUPOCTA B HIOHE, B TO BpeMs Kak Oepesa — B uione. bepesa neMoHCTpHupyeT MeIUIeHHBII pocT
B amperie-Mae 110 CPaBHEHHUIO ¢ COCHOM U enblo. Hamre mccieqoBaHue 0OHApYKUIIO TEHACHIMIO YBEIMYCHUS TEMIa pOCTa B
arpelie-HI0He 1 00PaTHYIO TCHACHIMIO B HIOJIC-aBIYCTe.

KaroueBbie coBa: JEHIPOMETpP JIEHTOYHBIN, €Jb OOBIKHOBEHHAs, M3MEPEHHE MEPUMETpa, MoBUCas Gepesa, cocHa
OOBIKHOBEHHAS
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