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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, Dünisch et al. 2002,
Marion et al. 2007).
Various methods are used for the investigation of
seasonal circumference growth (Mäkinen 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, Çàáóãà and Çàáóãà
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
(Çàáóãà and Çàáóãà 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 Häsler 2001). Pinning and micro-sampling enable a direct assessment of cambial cell division
and following wood formation (Marion et al. 2007, Pook
et al. 1977, Çàáóãà and Çàáóãà 1991). Taking of microsamples leaves small wounds on the stem. Hence, repeated sampling should be done from different places around
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the trunk and thus limits the time for continuous sampling from the same tree.
Therefore, manual band dendrometers were chosen when a long-term study of seasonal growth was
started in 1976, expecting to upgrade them to automatic dendrometers in future. Until now, the data from
1976-1980 and 1994-1998 were analyzed (Karpavièius
and Vitas 2000, Vitas 2002, Áèòâèíñêàñ et al. 1981,
Áèòâèíñêàñ 1984). Hence, the most of the data remains still unpublished.
In this paper, we present the investigation of seasonal 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 indicators during the whole monitoring time from 1976
to 2010.

Material and methods
Study area
The investigation was carried out on an experimental plot located in the Aukðtaitija National Park,
vicinity of Vaiðnoriðkë (55°2533N 26°0145E). The
Laboratory of Dendrochronology selected this research plot in 1976 for a continuous monitoring of
seasonal growth using band dendrometers. The terISSN 1392-1355
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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 Aukðtaitija (Bukantis 1994), which is characterized by the most continental conditions with coldest 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.

0

temperature
precipitation

Figure 1. Average monthly air temperature and amount of
precipitation in Vaiðnoriðkë 1976-2010

Methods
Manual band dendrometers for monitoring seasonal 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 growing season lasts longer than that of intermediate trees
(Ãîðÿ÷åâ 1981, Êàéðþêøòèñ and Þîäâàëüêèñ
1970). Due to drying-out of trees, mainly caused by
Peridermium pini (Pers.) Lev. and Fomitopsis annosa
(Fr.) Karst., the number of investigated pines fluctuated by two to three trees and spruces and birches
by one tree (Karpavièius and Vitas 2000). The circum2011, Vol. 17, No. 2 (33)
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ference growth was measured using mechanic or electronic callipers every three days from spring (end of
April or beginning of May) until autumn (end of August or beginning of September) within 0.01 mm accuracy (Fig. 2). The radial growth could be easily extracted from original measurements by dividing the data
by 2p. The principle and installation of band dendrometers 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
1.34±0.06 mm per annum, respectively. The chronologies are presented in Figure 3; pine shows a slightly
increasing but birch a slightly decreasing trend (Table 1). Hence, the average growth was highest for
spruce, lower for birch and lowest for pine.
ISSN 1392-1355
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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 (corresponding to 9 th , 6 th, and 10 th of May). The earliest onset of
the growth of pine, spruce, and birch occurred in 2000
and 2007 (22 nd of April). The latest growth onset of
pine was recorded in 1979 (1 st of June), spruce in 1976
(24 th of May), and birch in 1980 (1 st 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 th and 30 th August)
(Fig. 4, middle). The earliest cessation of the growth
of pine and birch occurred in 1990 (17 th and 14 th of
August) and of spruce in 2000 (14 th of August). The
latest cessation of the growth was observed in 1997
(13 th , 15 th , and 12th of September, respectively).
The growth of pine, spruce, and birch on average 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 3. Average annual radial growth of pine, spruce, and
birch from 1976-2010
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Figure ". 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 individual trees in onset, cessation, and duration of
growth. The onset is more variable in comparison to
the growth cessation (10.5±1.2 and 9.4±0.9, respectively). 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 onsets, cessations and durations of tree species (correISSN 1392-1355
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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 pronounced 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%).

spruce
birch

4
2

The average growth rate curves for pine, spruce,
and birch during April-May, June, July, and AugustSeptember (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).
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The main differences among pine, spruce, and birch
are as follows:
 The growth rate trend of pine is less pronounced 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, Dünisch
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 example, 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 (Êàíäåëàêè and Äåìüÿíîâ 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 (Ãîðÿ÷åâ 1981, Çàáóãà et al.
1983, Ïàíàðèí and Ñîëîíüêî 1976, Òåðñêîâ et
al. 1981). Similar growth duration was found for trees
in Karelia (Êèùåíêî 1978). A recent investigation
by Seo et al. (2011) in the northern boreal zone of Finland has revealed a growth duration of pine of 49-63
days. The growth of aspen in Estonia lasts for 95-100
days (Òàìì and Òóëëóñ 1991) and growth of silver
fir and European beech in the Czech Republic lasts for
133-140 days (Knott 2004). According to our investigations, 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, lower 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
2011, Vol. 17, No. 2 (33)
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4-5 days) in comparison to birch and pine (p=0.03).
Previous investigations on the seasonal circumference growth dynamics in northern Lithuania (Birþai
vicinity) were presented by Kairiûkðtis (1963) and
Êàéðþêøòèñ and Þîäâàëüêèñ (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 17th and 21 st of
May and cessation was noticed on 12 th and 21 st of
August, respectively (Êàéðþêøòèñ and Þîäâàëüêèñ 1970). This suggests that the growth duration of spruce and birch from 1954-1966 to 1976-1980
has increased by 21 and 9 days with an annual increase rate of 1.2 and 0.5 days per annum, respectively. According to our study, the duration of the growth
of spruce and birch from 1976-1980 to 2006-2010 increased 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
Ozolinèius (2011).
The highest growth rate for pine and spruce was
observed in June (38.2±1.9% and 35.5±1.4% of the annual growth, respectively). Studies carried out in Siberia described the highest growth rate for conifers from
June-middle of July (Ãîðÿ÷åâ 1981, Çàáóãà et al.
1983). This is in agreement with the study in Finland
by Seo et al. (2011), where nearly two thirds of the radial 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 affected by warmer climatic conditions. The birch demonstrates slower growth in April-May and highest
growth rate in July (11.0±1.3% and 37.7±1.6%, respectively). 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 together 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 Kairiûkðtis (1963) and
Êàéðþêøòèñ and Þîäâàëüêèñ (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
ISSN 1392-1355
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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 increase of growth in April-June and an inverse tendency 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
(Ozolinèius 2011).

Conclusions
From 1976-2010, circumference growth of pine,
spruce, and birch was monitored in NE Lithuania using 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 evident 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 comparison to the onset trend, an increase in growth duration 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 investigated tree species of a growth rate increase in AprilJune 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 increase in August-September in comparison to spruce
and birch.
These results are still preliminary. For a more precise interpretation, it is necessary to assess the seasonal influence of climatic factors on various tree
species and its changes during the vegetation season.
At present, it is impossible to answer several questions 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 increase 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
2011, Vol. 17, No. 2 (33)
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shifts in growth onset, cessation, duration, and growth
rate during separate months of the vegetation season.
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ÑÅÇÎÍÍÀß ÂÀÐÈÀÖÈß ÏÐÈÐÎÑÒÀ ÑÎÑÍÛ, ÅËÈ, È ÁÅÐÅÇÛ Â ÑÅÂÅÐÎÂÎÑÒÎ×ÍÎÉ ×ÀÑÒÈ ËÈÒÂÛ, ÇÀÐÅÃÈÑÒÐÈÐÎÂÀÍÍÀß ÏÐÈ ÏÎÌÎÙÈ
ËÅÍÒÎ×ÍÛÕ ÄÅÍÄÐÎÌÅÒÐÎÂ
À. Âèòàñ
Ðåçþìå
Ìû ïðåäñòàâëÿåì ðåçóëüòàòû èññëåäîâàíèÿ ïðîâåäåííîãî â 1976-2010 íà ñåçîííîì ïðèðîñòå äåðåâüåâ â ñåâåðîâîñòî÷íîé ÷àñòè Ëèòâû. Èçìåíåíèÿ ðîñòà áûëè ðåãèñòðèðîâàíû êàæäûå òðè äíÿ, èñïîëüçóÿ ðó÷íûå ëåíòî÷íûå
äåíäðîìåòðû íà 29 äåðåâüÿõ: 23 ñîñíû îáûêíîâåííîé (Pinus sylvestris L.), 3 åëè îáûêíîâåííîé (Picea abies (L.)
Karsten) è 3 ïîâèñëîé áåðåçû (Betula pendula Roth). Ðîñò â òå÷åíèè ïåðèîäà èññëåäîâàíèÿ â ñðåäíåì íà÷èíàëñÿ ñ 6-10ãî ìàÿ è ïðåêðàùàëñÿ 29-30-ãî àâãóñòà; ðîñò â ñðåäíåì äëèëñÿ 111-117 äíåé. Ìû îáíàðóæèëè, ÷òî íà÷àëî è âðåìÿ
ïðåêðàùåíèÿ ïðèðîñòà î÷åíü ìåíÿëèñü ñðåäè èíäèâèäóàëüíûõ äåðåâüåâ. Òåíäåíöèÿ áîëåå ðàííåãî íà÷àëà,
ïðåêðàùåíèÿ, è óäëèíåíèÿ ïðîäîëæèòåëüíîñòè ðîñòà áûëà óñòàíîâëåíà â ïåðèîä ñ 1976 äî 2010 ãîä. Ñîñíà è åëü
äîñòèãàþò èõ ìàêñèìàëüíîãî ïðèðîñòà â èþíå, â òî âðåìÿ êàê áåðåçà  â èþëå. Áåðåçà äåìîíñòðèðóåò ìåäëåííûé ðîñò
â àïðåëå-ìàå ïî ñðàâíåíèþ ñ ñîñíîé è åëüþ. Íàøå èññëåäîâàíèå îáíàðóæèëî òåíäåíöèþ óâåëè÷åíèÿ òåìïà ðîñòà â
àïðåëå-èþíå è îáðàòíóþ òåíäåíöèþ â èþëå-àâãóñòå.
Êëþ÷åâûå ñëîâà: äåíäðîìåòð ëåíòî÷íûé, åëü îáûêíîâåííàÿ, èçìåðåíèå ïåðèìåòðà, ïîâèñëàÿ áåðåçà, ñîñíà
îáûêíîâåííàÿ
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