
1

SILVA FENNICA
Silva Fennica vol. 50 no. 1 article id 1442

Category: research article

www.silvafennica.fi
ISSN-L 0037-5330 | ISSN 2242-4075 (Online)

The Finnish Society of Forest Science 
Natural Resources Institute Finland

Silva Šēnhofa, Mārtiņš Zeps, Roberts Matisons, Jānis Smilga, Dagnija Lazdiņa, 
Āris Jansons

Effect of climatic factors on tree-ring width of Populus 
hybrids in Latvia

Šēnhofa S., Zeps M., Matisons R., Smilga J., Lazdiņa D., Jansons Ā. (2016). Effect of cli-
matic factors on tree-ring width of Populus hybrids in Latvia. Silva Fennica vol. 50 no. 1 article 
id 1442. 12 p.

Highlights
•	 Hybrid poplar and hybrid aspen were sensitive to temperature in summer and dormant periods, 

but none of the tested factors were strictly limiting.
•	 Hybrid poplar was sensitive to a higher number of climatic factors than hybrid aspen.
•	 Temperature showed a negative correlation with tree-ring width.

Abstract
Fast-growing hybrids of Populus L. have an increasing importance as a source of renewable energy 
and as industrial wood. Nevertheless, the long-term sensitivity of Populus hybrids to weather 
conditions	and	hence	to	possible	climatic	hazards	in	Northern	Europe	have	been	insufficiently	
studied, likely due to the limited age of the trees (short rotation). In this study, the climatic sensi-
tivity of ca. 65-year-old hybrid poplars (Populus balsamifera L. × P. laurifolia Ledeb.), growing 
at two sites in the western part of Latvia, and ca. 55-year-old hybrid aspens (Populus tremuloides 
Michx. × P. tremula L.), growing in the eastern part of Latvia, have been studied using classi-
cal dendrochronological techniques. The high-frequency variation of tree-ring width (TRW) of 
hybrid poplar from both sites was similar, but it differed from hybrid aspen due to the diverse 
parental species and geographic location of the stands. Nevertheless, some common tendencies in 
TRW	were	observed	for	both	hybrids.	Climatic	factors	influencing	TRW	were	generally	similar	
for both hybrids, but their composition differed. The strength of climate-TRW relationships was 
similar, but the hybrid poplar was affected by a higher number of climatic factors. Hybrid poplar 
was	sensitive	to	factors	related	to	water	deficit	in	late	summer	in	the	previous	and	current	years.	
Hybrid aspen was sensitive to conditions in the year of formation of tree-ring. Both hybrids also 
displayed a reaction to temperature during the dormant period. The observed climate-growth 
relationships suggest that increasing temperatures might burden the radial growth of the studied 
hybrids of Populus.
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1 Introduction

Growing demand for timber and renewable energy from biomass (Schueler et al. 2013) is increas-
ing the importance of Populus L. hybrids, which are known for high productivity (Yu et al. 2001; 
Tullus et al. 2013). In the Baltic Sea region, Populus hybrids appear especially promising for use 
on abandoned agricultural lands (Christersson 2007; Tullus et al. 2011, 2013). Still, before wider 
application of any planting materials, possible interactions with the environment should be com-
prehensively evaluated. Considering that climate is one of the main factors affecting tree growth 
and productivity of forest ecosystems (Kirschbaum 2000; Lindner et al. 2010), increments of 
Populus hybrids might be altered due to changes of climate in the future. This has been suggested 
by	the	significant	short-term	(intra-annual)	relationships	observed	between	meteorological	factors	
and increment of young Populus hybrids (Yu et al. 2001; Tullus et al. 2011; Jansons et al. 2014). 
Nevertheless, the long-term (inter-annually) variation of increment might be affected by distinct 
climatic factors compared to that observed for intra-annual variation (Hughes and Funkhouser 
2003;	Čufar	et	al.	2008;	Seo	et	al.	2011),	and	such	knowledge	might	be	crucial	for	sufficient	and	
sustainable management (Burton 2012).

Detailed information about the effects of climatic factors on tree growth in a long-term can 
be obtained via retrospective analysis of tree-ring parameters by applying dendrochronological 
techniques (Fritts 2001). The most common parameter for such studies is tree-ring width (TRW) 
(Speer 2010), although radial increment is formed during a certain part of the growing period (Yu 
et al. 2001; Deslauriers et al. 2009) and it might be affected by several factors (Cook 1992). Still, 
there is poor knowledge regarding long-term climate-growth relationships for Populus hybrids, 
likely due to the short rotation (20–30 years) period (Tullus et al. 2013) and hence the young age 
of	trees,	which	is	not	sufficient	for	a	dendrochronological	analysis	(Cook	1992;	Fritts	2001).	In	
Latvia, many experimental plantations of hybrid poplar and aspen were established around the 1960s 
(Mangalis 2004), and some of them have remained as long-term experiments until today. These 
plantations have provided a unique opportunity to study long-term variation in the radial growth of 
Populus hybrids. Therefore, the aim of this study was to assess the relationships between climatic 
factors and TRW of hybrid poplar (Populus balsamifera L. × P. laurifolia Ledeb.) and hybrid aspen 
(Populus tremuloides Michx. × P. tremula L.), which were older than 50 and 60 years, respectively. 
Considering the rapid growth and high transpiration rates of these hybrids, we assumed that factors 
related to the availability of water during the growing period have mainly affected their growth.

2 Materials and methods

2.1 Study areas, sampling, and measurements

Hybrid poplars (no additional information about the origin was available) were sampled in two 
experimental plantations in the western part of Latvia near Auce (AUC) (56°31´N, 22°56´E) and 
Šķēde	(SKD)	(57°14´N,	22°37´E).	Hybrid	aspens,	the	progenies	of	P. tremuloides growing in a 
botanical garden in the central part of Latvia (no information on the origin was available) and 10 
local Populus tremula plus trees from the eastern part of Latvia, were sampled in one plantation 
in the eastern part of Latvia near Jaunkalsnava (KLN) (56°41´N, 25°54´E). The ages of the AUC, 
SKD and KLN plantations were 63, 68 and 56, respectively. The initial spacing of the trees at all 
sites was 3 × 3 m. The elevations of the studied stands were low, about 70, 110, and 100 m a.s.l. 
at	the	AUC,	SKD,	and	KLN	sites,	respectively.	The	topography	of	all	stands	was	flat.	The	studied	
stands were growing on fertile loamy soil under normal moisture conditions (corresponding to the 
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Oxalidosa forest type). The climate in the studied sites was mild due to dominant winds, which 
bring cool and moist air masses from the Baltic Sea and the Atlantic; hence, the continentality of 
the climate was stronger in the eastern site. The mean monthly temperature ranged from ca. –3.5 
and –6.0 to ca. +15.4 and +16.8 °C in January and July (the mean annual temperature was ca. +6 
and +5 °C) in the sites in the western and eastern part of Latvia, respectively. The growing period 
usually extends from mid-April to mid-October. The mean annual precipitation in all sites was 
ca. 620 mm. The highest monthly precipitation occurs in the summer months (May–September), 
which usually results in a positive water balance throughout the year (Klavins and Rodinov 2010). 
A stable snow cover usually forms beginning with the last week of December, and it lasts until the 
first	week	of	April.	Climatic	changes	are	mainly	expressed	as	an	increase	of	temperature	in	the	
autumn to spring period and as an extension of the growing period (Lizuma et al. 2007), while the 
precipitation regime in the summer is becoming more variable (Avotniece et al. 2010).

Visually healthy trees representing the diameter distribution of the plantations were selected 
according to trial inventories and felled in November and December of 2013. In total, 26 hybrid 
poplars (13 trees from each site) and 22 hybrid aspens were sampled. From each log, a stem disk 
at 1.3 m above the root collar was taken. In the laboratory, the surface of air-dried stem disks was 
gradually grinded with sandpaper (80, 120, 240 and 400 grains per inch). Tree-ring width was 
measured using the Lintab 5 (RinnTECH, Germany, Heidelberg) measurement system with the 
precision of 0.01 mm along two opposite radii of the stem, avoiding the reaction wood.

2.2 Data analysis

The time series of TRW were crossdated, and the quality was checked by a graphical inspection 
and statistically using the program COFECHA (Grissino-Mayer 2001). The time series, which 
showed low agreement with the rest of the dataset (r < 0.40), were rejected from further analysis 
rather than corrected. The statistics of the crossdated datasets, expressed population signal (EPS) 
(Wigley	et	al.	1984),	Gleichläufigkeit	(GLK),	mean	interseries	correlation,	signal	to	noise	ratio	
(SNR)	and	first	order	autocorrelation,	for	the	detrended	time	series	were	calculated	in	program	R	
using the library “dplR” (Bunn 2008). Residual chronologies of TRW were established using the 
program ARSTAN (Cook and Holmes 1986). Double detrending by a negative exponential curve 
and cubic spline with rigidity of 40 years was applied and autocorrelation was removed. The effect 
of climatic factors on the annual variation of the TRW was assessed by a bootstrapped Pearson 
correlation analysis (Johnson 2001). The tested climatic factors were minimum, maximum, and 
mean monthly temperature, monthly range of temperature, monthly precipitation, and potential 
evapotranspiration (PET). Considering the number of tested factors and the length of chronology, 
a response function analysis was not performed. Local climatic data were obtained from the high-
resolution database of the Climatic Research Unit of UEA (Harris et al. 2014) for grid centres 
located less than 20 km from the studied plantations. Climatic factors were arranged according to 
the time window from January of the year preceding the formation of tree-ring to September of 
the	year	of	tree-ring	formation.	Multicolinearity	was	assessed	for	significant	factors.

3 Results

Most of the measured time-series of the TRW of hybrid poplar and hybrid aspen were used for 
the construction of local chronologies (one series for the AUC and KLN and three series for the 
SKD datasets were rejected). Crossdated time series of TRW showed good agreement (Fig. 1 A, 
B, C), as the values of EPS exceeded 0.85 and the mean interseries correlation of the datasets was 
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Fig. 1. Crossdated	time	series	of	tree-ring	width	of	hybrid	poplar	in	Auce	(AUC)	(A)	and	Šķēde	(SKD)	(B)	sites	in	the	
western part of Latvia (thick lines represent mean values), crossdated time series of hybrid aspen (C) from Kalsnava 
(KLN) site in the eastern part of Latvia, residual chronologies of tree-ring width (D) and sample depth of the datasets 
(E).

above 0.40 (Table 1). Hybrid poplar displayed a pronounced annual variation of TRW as shown 
by the mean sensitivity exceeding 0.40. The agreement of TRW of hybrid poplar was better in the 
AUC than the SKD site, where the environmental signal in the TRW was stronger, as shown by the 
higher SNR of the time series (10.77 and 6.17, respectively). The agreement and signal strength of 
the TRW series was even better for the hybrid aspen, as shown by the higher values of interseries 
correlation, EPS and SNR, although the mean sensitivity was slightly lower (Table 1). The range 
and mean value of the TRW was higher for hybrid aspens than for poplars, which were older 
(Table 1); however, at a similar cambial age, the TRW appeared the same (not shown). A decrease 
in the sample depth was observed after 2010 due to the occurrence of missing rings in a few trees.
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Residual chronologies of TRW were established for each stand (Fig. 1 D). The ranges of 
chronology indices of hybrid poplar and aspen were similar, but the hybrid aspen had a slightly lower 
annual variation of TRW indices. Residual chronologies of hybrid poplar were rather synchronous 
(Fig.	1	D),	as	the	GLK	and	correlation	coefficients	calculated	between	them	were	0.77	and	0.78,	
respectively. In contrast, the high-frequency variation of the TRW of hybrid aspen differed from 
poplar as suggested by weak correlations between the chronologies (mean r = 0.24). Nonetheless, 
the mean GLK index calculated between the chronologies of aspen and poplar was 0.51, suggesting 
similar tendencies in the growth of both hybrids. A few common abrupt changes (decrease) in the 
TRW occurred in 1975, 1989 and 2002 for both aspen and poplar (Fig. 1 D). These decreases of 
TRW coincided with extremely high mean monthly temperatures in the December–August period 
from 1974–1975, 1988–1989 and 2001–2002, accompanied by a rapid drop of temperature in the 
autumn or winter preceding the formation of the tree-ring.

Residual	chronologies	of	TRW	of	hybrid	poplar	and	hybrid	aspen	significantly	correlated	with	
12	and	four	of	the	132	tested	factors,	respectively,	but	the	values	of	correlation	coefficients	did	not	
exceed	0.35.	In	the	case	of	the	hybrid	poplar,	the	sets	of	the	significant	correlations	were	similar	at	
both	sites,	although	some	local	specifics	were	apparent	(Fig.	2	A,	B).	Generally,	the	TRW	of	hybrid	
poplar was sensitive to the temperature regime in late summer in the year of tree-ring formation 
and	in	the	preceding	year.	A	significant	effect	of	PET	in	August	was	observed.	Precipitation	in	
January of the previous year was the only factor that correlated positively with the TRW of hybrid 
poplar at both sites. Nevertheless, in the SKD site, the TRW of the hybrid poplar was additionally 
sensitive to temperature in February, March and June, while the monthly range of temperature in 
September	of	the	current	year	was	significant	at	the	AUC	site.	Although	the	number	of	significant	
relationships was lower, the TRW of hybrid aspen generally correlated with the same climatic 
factors as the hybrid poplar (Fig. 2 C). The mean temperature in March and the temperature range 
in July and September of the current year had a negative effect on the TRW. Additionally, hybrid 
aspen showed sensitivity to precipitation in July of the current year, but the value of the correlation 
coefficient	was	lower	than	that	observed	for	other	factors.

Table 1. Statistics of crossdated datasets of tree-ring width (TRW) of hybrid poplar and hybrid aspen in 
stands	near	Auce	(AUC),	Šķēde	(SKD)	and	Kalsnava	(KLN).	

Hybrid poplar Hybrid aspen
AUC SKD KLN

Covered period 1954–2013 1949–2013 1965–2013 
Number of crossdated trees 12 10 21
Min. TRW, mm 0.12 0.09 0.14
Max. TRW, mm 11.19 12.01 15.74
Mean TRW, mm 2.88 2.86 4.01
Standard deviation, mm 1.86 0.92 2.28
Mean sensitivity 0.42 0.40 0.35
Mean interseries correlation 0.51 0.42 0.51
Autocorrelation 0.56 0.74 0.69
Expressed population signal 0.92 0.86 0.95
Gleichläufigkeit 0.69 0.68 0.70
Signal to noise ratio 10.77 6.17 19.74
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4 Discussion

Good agreement and similarity of the high-frequency variation of the time series of the TRW among 
trees within each stand (Fig. 1 A, B, C) suggested a pronounced effect of common environmental 
factors on the radial growth of hybrid aspen and hybrid poplar. The EPS values, which exceeded 
0.85	(Table	1),	showed	that	the	obtained	datasets	of	the	TRW	were	sufficient	for	the	assessment	
of the local variability of growth (Wigley et al. 1984). The mean sensitivity of the trees was rather 
high (> 0.35), and the autocorrelation was intermediate (ca. 0.66), suggesting that trees have been 
promptly reacting to environmental changes (Speer 2010). The SNR of TRW datasets was high 
(> 6, Table 1), which might be explained by the similar growing conditions (plantation) and by 
the genetic similarity of the planted material within each of the plantations. The contrast in SNR 
between the poplar stands (Table 1) likely rose from the difference in climate due to the distance 
from the sea, which was higher at the AUC site than at the SKD site, resulting in slightly stronger 
continentality. This is also supported by an even higher SNR (> 19) observed for hybrid aspen 
(Table 1) in the eastern part of Latvia, where the climate is harsher.

Fig. 2. Significant	Pearson	correlation	coefficients	(black	bars)	between	climatic	factors	and	residual	chronologies	of	
the	TRW	of	hybrid	poplar	in	Auce	(AUC)	(A)	and	Šķēde	(SKD)	(B)	sites	in	the	western	part	of	Latvia	and	the	residual	
chronology of hybrid aspen at the Kalsnava (KLN) site in the eastern part of Latvia (C). Collinear factors have been 
omitted. PET-potential evapotranspiration.
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The established local chronologies of hybrid poplar (Fig. 1 D) were similar (r > 0.75), as the 
same hybrids had been planted, although the sites were located at a ca. 90 km distance away. This 
suggested that the growth has been affected by common regional-scale factors. The distinction 
of the high-frequency variation of the TRW of hybrid aspen from hybrid poplar (Fig. 1 D) likely 
occurred due to the different parental species and their origins. The studied aspens were a hybrid 
of a northern species, while the parents of the poplars were southern species (Tullus et al. 2013), 
which are adapted to different conditions (Stettler 1996) and therefore differ in their sensitivity 
to weather conditions. The differences in the high-frequency variation between aspen and poplar 
(Fig. 1 D) also might be related to the geographic distance between the sites (ca. 200 km) and to 
the differences in climate (Fritts 2001) or site conditions. Nevertheless, the occurrence of common 
decreases in the TRW in 1975, 1989 and 2002 (Fig. 1 D) suggested that both hybrids exhibited 
similar reaction to weather anomalies. The sensitivity to some common factors has been also sup-
ported by the intermediate synchrony between the chronologies of the studied hybrids.

Radial growth of the studied hybrids was sensitive to weather conditions as shown by the 
significant	correlations,	but	the	effect	of	the	tested	climatic	factors	was	not	strictly	limiting	for	the	
TRW,	as	the	coefficient	values	were	low	(Fig.	2).	Considering	the	higher	number	of	significant	
factors (Fig. 2), hybrid poplar appeared more sensitive to climate than hybrid aspen although the 
SNR in the TRW of poplar was lower (Table 1). The weaker signal has apparently been caused 
by	interference	among	more	numerous	influencing	factors	and/or	by	a	shift	of	their	effects	over	
time (Cook 1992; Büntgen et al. 2006). This might be also related to the differences in the high-
frequency	variation	of	the	TRW	between	poplar	and	aspen	(Fig.	1	D),	although	the	significant	
factors for TRW have generally been similar (Fig. 2).

The TRW of hybrid poplar correlated with climatic factors in the current and previous years 
(Fig. 2 A, B), suggesting a dual effect of weather conditions on the radial increment. The relation-
ships between the TRW and weather conditions in the year preceding the formation of the tree-
ring might be explained by the amount of nutrient reserves (Barbaroux and Breda 2002; Pallardy 
2008) that accumulate at the end of the growing period and are deployed for early growth in the 
next spring (Landhäusser and Lieffers 2003; Jones et al. 2004; Regier et al. 2010). The effect of 
weather conditions of the current year on the TRW might be related to the altered assimilation of 
nutrients	(Berry	and	Downton	1982),	influencing	xylogenesis	later	in	the	growing	period	(Miina	
2000; Lebourgeois et al. 2005).

Late summer is the period when nutrient reserves are produced (Barbaroux and Breda 2002; 
Landhäusser	and	Lieffers	2003;	Regier	et	al.	2010).	Increased	temperature	intensifies	evapotran-
spiration	 (Traykovic	2005),	which	might	cause	a	 temporary	water	deficit,	 resulting	 in	drought	
stress (Pallardy 2008) and hindering the assimilation (Regier et al. 2009), which would explain 
the observed negative correlations of the TRW with temperature and PET (Fig. 2 A, B). The hot 
summers are also usually dry, thus supporting the observed relationships. Additionally, stands of 
fast growing broadleaved trees are known for intense evapotranspiration, performing as natural 
pumps	(Perry	et	al.	2001),	thus	magnifying	the	effect	of	a	water	deficit.	Increased	summer	tem-
perature can also directly hinder cambial activity (xylogenesis) (Deslauriers et al. 2007; Oberhuber 
and Gruber 2010) and/or photosynthesis (Haldimann and Feller 2004). Formation of latewood, 
which	occurs	around	August	(Deslauriers	et	al.	2009),	is	influenced	by	the	current	assimilation	
(Jones et al. 2004), explaining the negative effect of temperature factors of the current summer 
(Fig. 2). Populus hybrids have a longer growing period compared to their parental species (Yu et 
al. 2001; Tullus et al. 2011); therefore, the TRW has been sensitive to conditions (temperature) in 
September (Fig. 2 B). The negative effect of the monthly temperature range during the growing 
period (Fig. 2) might be related to the stress caused by the shifting environment, as biochemical 
and physiological processes in trees need to be adjusted to certain conditions (Berry and Downton 
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1982;	Pallardy	2008).	September	is	the	time	when	the	first	frosts	usually	occur,	particularly	when	
high-pressure systems determine weather; therefore, correlation of the TRW with the temperature 
range in September (Fig. 2) might be related to a frost damage. The negative effect of temperature 
and its shifts in the dormant period (Fig. 2) might be explained by cold dehardening in response 
to thaws (Alden and Herman 1971; Cox and Stushnoff 2001), thus subjecting trees to stronger 
cold damage in a following drop of temperature (Hänninen 2006). Increased winter temperature 
can also burden dormancy and cause a depletion of nutrient reserves due to respiration (Foote 
and Scheadle 1976; Ögren et al. 1997). Precipitation in January is usually in the form of snow. 
A thicker snow layer has better insulating properties that decrease the depth of soil freeze and 
minimise	fluctuation	of	soil	temperature	(Hardy	et	al.	2001),	decreasing	root	mortality	(Tierney	
et al. 2001) and facilitate water uptake, thus promoting growth (Fig 2, A, B). The one-year lag in 
reaction of the TRW to winter precipitation (Fig. 2 A, B) might be explained by the allocation of 
the spared resources to stem growth in the following year (Nguyen et al. 1990; Jones et al. 2004).

The radial increment of hybrid aspen was more affected by the current assimilation than 
that	of	poplar	as	the	TRW	showed	significant	correlations	with	climatic	factors	in	the	year	of	the	
tree-ring formation (Fig. 2 C). Nevertheless, temperature in March had the strongest effect on the 
TRW, likely increasing the respiratory loss of nutrient reserves before bud swelling due to bur-
dened dormancy (Foote and Scheadle 1976; Ögren et al. 1997) or increasing the susceptibility to 
frost damage (Alder and Herman 1971). The negative correlation with July temperature (Fig. 2 C) 
implied	the	effect	of	a	water	deficit,	as	observed	for	the	hybrid	poplar.	However,	the	hybrid	aspen	
showed a positive reaction to precipitation in the summer (Fig. 2 C), suggesting that it has been 
able to recover from drought stress more quickly than the poplar and utilise available precipitation 
for growth as observed for other hybrids (Mazzoleni and Dickmann 1988).

In	general,	the	strength	of	the	observed	climate-TRW	correlations	and	number	of	significant	
factors for the studied Populus hybrids (Fig. 2), the native pedunculate oak (Quercus robur L.) 
(Matisons	and	Brūmelis	2012)	and	Scots	pine	(Pinus sylvestris L.) (Elferts 2008) were comparable. 
Populus hybrids and oak were both sensitive to factors related to water stress in the summer. In 
contrast, oak and pine showed positive correlations with temperature in the winter months, sug-
gesting that the warming of the climate might be less favourable for the studied hybrids, which 
have	been	selected	to	fit	past	climates.

5 Conclusions

The growth of the studied Populus	hybrids	has	been	significantly	affected	by	weather	conditions;	
however, the observed correlations suggest that none of the tested factors have been strictly limit-
ing.	Climatic	factors,	which	are	related	to	water	deficit	and	to	drought	stress	in	the	summer,	have	
been	the	main	climatic	determinants	of	the	TRW,	likely	via	influence	on	nutrient	reserves,	current	
assimilation and hence xylogenesis. Nevertheless, hybrid poplar appeared more affected by the 
stored nutrient reserves than hybrid aspen. Both of the studied hybrids showed sensitivity to tem-
perature in the winter; however, the correlations were negative, implying that increased temperature 
burdened the formation of the tree-ring, likely facilitating respiratory loss of nutrient reserves and/
or decreasing cold hardiness and subjecting the trees to damage from low temperature. Although 
the strength of relationships between the TRW and climatic factors was similar, hybrid poplar 
appeared more sensitive to climatic factors than hybrid aspen, as suggested by the higher number 
of	significant	climatic	factors.	Nevertheless,	the	observed	relationships	show	that	in	a	warming	
climate, the radial growth of both poplar hybrids might be burdened due to the increasing water 
deficit	and	damage	by	shifting	weather	in	the	winter.
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