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Abstract. Norway spruce (Picea abies (L.) Karst.) is a tree species with the highest economic 

importance in northern Europe. Therefore, it is important to improve knowledge of the potential 

effects of climatic changes on the growth of this tree species. An essential part of the information 

is the tree’s intra-annual growth cycle. There are comprehensive studies describing the formation 

of radial increments of coniferous trees; however, information on height growth in hemiboreal 

forests is scarce. The aim of our study was to characterize the intra-annual height growth of 

Norway spruce in Latvia. The data was collected from two Norway spruce trials located in in 

former arable and forest land in the central part of Latvia, including 89 and 68 open-pollinated 

families (respectively) of plus-trees. Weekly height increment measurements of 20 trees per 

family were carried out during the 9th growing season. Growth intensity culminated in 

10 ± 0.2 mm day-1, following similar trend, but resulting consistently in significantly different 

values between the trials; the higher growth intensity was observed in higher trees and families, 

which also showed higher frequency of lammas shoots, boosting their height superiority even 

further. Significant family effect on all coefficients of shoot elongation curves, described by 

Gompertz model, was found. Both tree height and height increment at family mean level was 

strongly correlated with the asymptote parameter (rfam = 0.93, P<0.01) and the growth rate 

parameter (rfam = -0.70, P<0.01).  

 

Key words: Picea abies (L.) Karst, height growth, shoot elongation, growth intensity, open-

pollinated family. 

 

INTRODUCTION 

 

Norway spruce (Picea abies (L.) Karst.) is widely planted in northern and eastern 

Europe for timber production. Due to its large branch biomass (Libiete-Zalite & Jansons, 

2011; Libiete-Zalite et al., 2016), logging residues are often collected in spruce stands 

and in some regions stumps are also extracted (Lazdins & Zimelis, 2012; Zimelis et al., 

2012). Biomass exploitation is expected to flourish in the future, upgrading the 

commercial value of spruce stands (Bardulis et al., 2012; Kaleja et al., 2013). In most of 

the Baltic Sea region countries, active tree breeding programs exist and hence, improved 

seed material is available in order to boost increment and/or improve other traits of trees 

(Jansson et al., 2013; Irbe et al., 2015; Jansons et al., 2015a). Furthermore, vegetative 

propagation and fertilization of Norway spruce is possible at a commercial scale, 
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providing opportunities for further increase of the stands productivity (Jansons et al., 

2016). The use of improved plant material (especially clones) increases the regeneration 

costs, therefore it is important to assess and minimize the potential risks, i.e., ensure 

adaptation to climatic changes, namely, increasing length of vegetation period and 

increasing temperature.  

Temperature has been identified as the dominant environmental signal that triggers 

tree phenology (Körner, 2003). However, its impact on Norway spruce growth under 

average conditions is not easily detected, since trees respond less strongly to climatic 

variation, than to extreme conditions (Mäkinen et al., 2003). Long-term trends in the 

temperature-height growth relationship for coniferous trees, had been analysed using 

annual meteorological data and information on height increments from repeated 

measurements or destructive sampling (Kroon et al., 2011; Jansons et al., 2013a; 2013b; 

2015b). Nevertheless, such an approach does not allow the determination of the exact 

moments during the vegetation period bearing critical influence of meteorological 

conditions – for this purpose detailed information on intra-seasonal height growth 

intensity is required (Jansons et al., 2014). The information would also allow the 

evaluation of the relative importance of length of the growth period vs. the growth 

intensity in the total length of annual height increment and thus providing more detailed 

information on climate adaptation.  

Numerous studies have found a great variability of climatic adaptive traits for 

Norway spruce, both between provenances and between families within a provenance 

(Krutzdch, 1974; Danusevicius, 1999; Eriksson, 2008). These differences were 

influencing survival and stem quality of trees, mainly due to frost damages (Persson & 

Persson, 1992). Also shoot growth differences between provenances (Pollard & Logan, 

1974; Skrøppa & Magnussen, 1993), and more recently between families have been 

found (Skrøppa & Steffenrem, 2015). However, no such studies including family 

components had been carried out in Latvia before. The aim of our study was to 

characterize the intra-annual height growth of Norway spruce in Latvia. Data from this 

initial study could be used to design more comprehensive research work in the future for 

predictions of the influence of climatic changes and consideration in tree breeding.  

 

MATERIALS AND METHODS 

 

The study was carried out in two Norway spruce progeny trials in central Latvia, 

Rembate (56°46´N, 24°48´E) and Auce (56°29´N, 22°52´E), including 89 and 68 open-

pollinated families (22 families common in both sites) of plus-trees selected from 

different regions of the country. The trials were planted in 2005, using 3 year-old bare-

rooted plants, on fertile abandoned agricultural land, corresponding to Oxalidosa forest 

type according to classification used in Latvia (Bušs, 1976), cambisol according to FAO 

WRB soil classification (Nikodemus et al., 2008) with 2 x 2.5 m spacing in Rembate and 

on forest land with fertile drained mineral soil (Myrtillosa mel. forest type, arenosol) 

with 2 x 3 m spacing in Auce. Inter-annual height increment differences in those trials 

had been analyzed (Neimane et al., 2015), therefore this study focuses on intra-annual 

height growth. Measurements were carried out during 9th growing season of trees, bud-

burst date assessed (visiting the site every 2 days until approximately half of the trees 

had bud-burst) and weekly height increment measurements carried out for 20 randomly 

selected trees per family, avoiding trees with browsing damage, insect damage or broken 



855 

top. Additional assessment was carried out at the end of September, marking the trees 

with lammas shoots. Daily temperature and precipitation data were obtained from the 

closest stations of Latvian Environment, Geology, and Meteorology Centre.  

 

The non-linear Gompertz model was fitted per tree individually and per family (1) 

 (1) 

where: α – asymptote parameter; β – displacement parameter; k – growth rate parameter 

and A – day since beginning of the year. This model has been advised as being sufficient 

for the height growth curve development, in this case, using tree age as dependent 

parameter A (Fekedulegn et al., 1999). 

The t-test was used to assess differences between groups of trees stopping the height 

growth at different time periods, as well as to evaluate differences in tree height, length 

of height increment and height growth intensity between the trees forming and not 

forming lammas shoots at the end of vegetation period. It was also used to assess 

differences in height increment between groups of trees with different times of growth 

cessation. The Pearson correlation test was used to assess the relationship of growth 

intensity between the trials, links between height and height increment, relationship 

between proportion of trees that had stopped the growth at certain period during the 

season and total length of height increment, as well as link between estimated Gompertz 

model parameters and family mean height and individual tree height. Analyses were 

carried out using the statistical package R 3.0.2. (R Core Team, 2013). 

 

RESULTS AND DISCUSSION 

 

The trend of Norway spruce height growth intensity was similar in both sites 

(Fig. 1), as indicated by the strong correlation of mean values of this trait between the 

trials (r = 0.91, P < 0.01). Peak of height growth intensity was reached in the first two 

weeks of June, when it was 10 ± 0.2 mm day-1 (mean, ± 95% confidence interval) in 

Rembate and 8 ± 0.4 mm day-1 in Auce. Differences in growth intensity could partly be 

explained by temperature: in 73% of days in the assessed period it was higher in Rembate 

than in Auce, differences in diurnal mean was on average was 0.7°C, in minimum 0.4 °C 

and maximum 0.8°C (Fig. 1); similar temperature differences in the year prior to 

measurement were observed. In the analysis of formation of radial increment (secondary 

growth) of 75-year-old Norway spruce, Giagli et al. (2016) found, that the monthly 

minimum temperature in January-April, as well as the monthly maximum temperature 

during the growing period was a major factor affecting the average rate of cambial cell 

production and amount of precipitation, the main factor positively influencing the 

duration of it. Primary (apical) growth is also reported to be influenced by precipitation; 

however, in our study, no differences in precipitation sum between the meteorological 

stations closes to sites were found and the on-site measurements were not available. 

Hence it was not possible to evaluate the impact of inter-annual variation in precipitation 

in relation to the height increment. 
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The observed differences in growth may be caused not only by meteorological 

conditions, but presumably can be linked to other factors, e.g., soil conditions that have 

an effect on growth of trees. At the beginning of the season trees were significantly 

(P < 0.01) higher in Rembate than in Auce (117 ± 1.6 cm and 72 ± 2.1 cm, respectively). 

These differences, in turn, affected total length of height increment (it was strongly 

correlated with initial tree height (r = 0.78, P < 0.05 and r = 0.54, P < 0.05 in Rembate 

and Auce, respectively), and therefore also the growth intensity.  
 

 
 

Figure 1. Growth intensity and diurnal mean temperature in Rembate and Auce. 

 

Lammas shoots were observed for a relatively high proportion of trees in both sites: 

14.0% in Rembate and 22.3% in Auce (Neimane et al, 2015). Trees with lammas shoots 

had similar trend in changes of growth intensity during the growth period than trees 

without them (Fig. 2). However, they were growing notably (on average by 23%) and, 

in most observation periods, also significantly (P < 0.05) faster. Consequently, trees with 

lammas shoots also had longer height increment, both in absolute and relative (as 

proportion of tree height) terms. As a result, height superiority of trees with lammas 

shoots, in comparison to those without, increased from 14% at the beginning of the 

season to 18% at the end of it in Rembate. Similarly, in Auce trees forming lammas 

shoots at the end of growing period had a 11% higher increment in comparison to trees 

that didn’t and their relative length of height increment was significantly larger, 23% and 

19%, respectively. A significant relationship between tree height and presence of lammas 

shoots was also previously reported in Latvia from an analysis of more than 100 stands 

(Neimane et al., 2016). Significant cumulative influence of lammas shoots on tree height 

had been found at the end of the 13th growing season trees with the lammas shoots in 

Norway spruce progeny trials were 14–20% taller than trees without it (Neimane et al, 

2015). We can conclude, that a self-reinforcing loop is formed: larger, stronger trees have 

higher growth intensity and more frequently form lammas shoots, even further 
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increasing their height superiority. Genetic link between these traits was similar: 

proportion of trees with lammas shoots in the family correlated moderately and 

significantly both with tree height and height increment: rfam = 0.50 (Neimane et al., 

2015). Overall significant family effect on the proportion of trees showing lammas 

shoots was found; this was in accordance with the results of previous studies, reporting 

moderate (Hannerz, 1999) or high (Skrøppa & Steffenrem, 2015) heritability of this trait. 
 

 
 

Figure 2. Growth intensity for trees with and without lammas shoots in Rembate. 

 

Occurrence of lammas shoots at family level was linked not only to length of height 

increment, but also to timing of growth. Families that have early growth start and growth 

cessation were more likely to develop lammas shoots (Skrøppa & Steffenrem, 2015). 

Similar effect with regards to growth cessation was found also in our analysis.  

Time of growth cessation had significant influence on the length of height increment 

(Fig. 3). Trees that stopped growth later had a 22% longer increment than the ones which 

stopped at the peak of growth cessation (13th – 26th of July). The largest trees tended to 

stop growing later in the season, presumably, indicating a cumulative positive impact of 

such a trait over time. Significant family effect on growth cessation was observed: family 

mean correlation between proportion of trees that had stopped their growth during last 

week of July or first week of August (mean 27 ± 2.7%, ranging from 0 to 62%) and the 

total length of height increment was positive, moderate and significant (rfam = 0.38, 

P < 0.01). Also, Skrøppa & Steffenrem (2015) found, that families having later growth 

cessation at the age of 5 years were tallest at the age of 17 years. In this study as well as 

in studies in Sweden (Ekber et al., 1994) strong correlation between growth initiation 

and cessation was found. Both of these traits were clearly linked with frost damage, 

presumably explaining the observed differences in height growth between the families. 

In contrast, in our trials no frost damages were observed. Therefore, it is more likely, that 

the correlation observed in Latvias climatic conditions is a results of better (longer) use 

of the vegetation period. 
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Figure 3. Height and height increment (without lammas shoot length) and proportion of trees that 

stopped growth at the particular period in Rembate. 
 

Not only occurrence of lammas shoots and timing of growth cessation, but also 

growth intensity was an important factor affecting the length of height increment. Trees 

with longer height increment also showed higher growth intensity during the period of 

fastest growth, as well as a longer period of relative fast growth, as demonstrated by 

results from Auce trial (Fig. 4). This is in agreement with earlier findings by Skrøppa & 

Magnussen (1993) in the analysis of trials planted in Norway, noting that for spruce 

provenance from Baltic countries length of growth period and growth intensity were 

equally important in determining the total length of the annual shoot. 

Differences in shoot elongation patterns had been found by numerous studies 

starting as early as that by Odin (1972) in the analysis of a few coniferous trees in 

Northern Sweden. To characterize these differences in Rembate (longer period of 

observations), a non-linear Gompertz model was fitted to height growth intensity data 

for each tree and family (median). 

The models showed that intra-annual growth curves of studied trees and families 

differed notably. Family effect was significant on all model coefficients, indicating, that 

not only the intensity of height growth, but also the timing of its end was influenced by 

genetics even in the trial containing Norway spruce families from such a relatively small 

geographic area as Latvia. Both tree height and height increment at family mean level 

correlated strongly with the asymptote parameter (rfam = 0.93, P < 0.01) and growth rate 

parameter (rfam = -0.70, P < 0.01). Growth rate (i.e. rate of cell production) was also 

noted as a dominant factor in secondary growth, affecting xylem width of Norway spruce 

(Giagli et al., 2016). Shoot elongation curves in our trials were similar to those observed 

for other coniferous trees; however, the timing of end of active growth phase differed 

(Odin, 1972; Skrøppa & Magnussen, 1993; Rossi et al., 2006), presumably due to species 

differences. 
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Figure 4. Dynamics of shoot elongation for trees with different annual height increment in Auce. 

 

Results indicate, that selection of faster-growing families will most likely results in 

choice of genotypes with longer growth period (later cessation), higher growth intensity 

and higher probability to form lammas shoots. Since the length of vegetation period is 

expected to increase notably in the future, it is very likely that such genotypes will be 

capable of better utilization of the improved growing conditions. However, additional 

tests in growth chambers are needed to evaluate the probability that it might lead to 

increased frost damages, not observed in the trials currently. Even so it has been 

suggested that a single trial and year is sufficient for the estimation of breeding values 

of growth rhythm traits (Ekberg et al., 1991; Skrøppa & Steffenrem, 2015) additional 

information from trials in frost-prone sites would be important to draw wider 

conclusions. 

 

CONCLUSIONS 

 

The trend of Norway spruce height growth intensity was similar at both sites. The 

length of height increment was significantly affected by both time of growth cessation 

and lammas shoots; trees with lammas shoots had a similar trend in changes of growth 

intensity during the growth period to trees lacking lammas, whereas they grew notably 

and, in most observation periods, significantly faster. Family effect was significant in 

tree height, height increment, as well as presence of lammas shoots. Significantly 

different shoot elongation patterns were found between families, indicating a potential 

for selection of the best-adapted genotypes. 
 

ACKNOWLEDGEMENTS. Study was funded by Latvian Council of Science project ‘Adaptive 

capacity of forest trees and possibilities to improve it’ (No 454/2012). 

 

0

50

100

150

200

250

300

350

400
L

e
n

g
th

 o
f 

a
n

n
u

a
l 
s

h
o

o
t,

 m
m max

rest

min

Max - 10% of trees with longest height increment
Min - 10% of trees with shortest height increment
Rest - the rest of the trees
Dashed lines - 95% confidence interval



860 

REFERENCES 

 

Bardulis, A., Jansons, A. & Liepa, I. 2012. Below-ground biomass production in young stands of 

Scots pine (Pinus sylvestris L.). In Gaile, Z. (ed): Proceedings of the 18th international 

scientific conference Research for Rural Development, LLU, Jelgava, Latvia, pp. 49–54. 

Bušs, K. 1976. Forest classification in Latvia Latvijas PSR meža tipoloģijas pamati. Zinātnes un 
ražošanas apvienība ‘Silava’, Rīga: LRZTIPI. 24 pp. 

Danusevicius, D. 1999. Major influence of latitude and longitude on frost hardiness of the Baltic 
Picea abies (L.) Karst. provenances. In: Early genetic evaluation of growth rhythm and 

tolerance to frost in Picea abies (L.) Karst. Doctoral thesis, Swedish University of 
Agricultural Sciences, Uppsala, Silvestria, 103 pp. 

Ekberg, I. Eriksson, G. & Nilsson, C. 1991. Consistency of phenology and growth of intra- and 
inter provenance families of Picea abies. Scandinavian Journal of Forest Research, DOI: 
10.1080/02827589109382671. 

Ekberg, I. Eriksson, G. Namkoong, G. Nilsson, C. & Norell, L. 1994. Genetic correlations for 
growth rhythm and growth capacity at ages 3–8 years for provenance hybrids of Picea 

abies. Scandinavian Journal of Forest Research, DOI: 10.1080/02827589409382809. 
Eriksson, G. 2008. Picea abies. Recent genetic research. Uppsala, Department of Plant Biology 

and Forest Genetics, Swedish University of Agricultural Sciences, Sweden, 197p. 
Fekedulegn, D., Mac Siurtain, M.P. & Colbert, J.J. 1999. Parameter estimation of nonlinear 

growth models in forestry. Silva Fennica 33, 327–336. 
Giagli, K., Gričar, J., Vavrčik, H. & Gryc, V. 2016. Nine-year monitoring of cambial seasonality 

and cell production in Norway spruce. iForest (early view). – doi: 10.3832/ifor1771-008 
[online 2016-01-16] 8 p. 

Hannerz, M. 1999. Early testing of growth rhythm in Picea abies for prediction of frost damage 

and growth in the field. Doctoral thesis, Swedish University of Agricultural Sciences, 
Uppsala, Silvestria, 85 pp. 

Irbe, I., Sable, I., Nold, G., Grinfelds, U., Jansons, A., Treimanis, A. & Koch, G. 2015. Wood and 

tracheid properties of Norway spruce (Picea abies [L] Karst.) clones grown on former 
agricultural land in Latvia. Baltic Forestry 21(1), 114–123.  

Jansons, A., Donis, J., Danusevičius, D. & Baumanis, I. 2015a. Differential analysis for next 
breeding cycle for Norway spruce in Latvia. Baltic Forestry 21(2), 285–297. 

Jansons, A., Matisons, R., Baumanis, I. & Purina, L. 2013a. Effect of climatic factors on height 

increment of Scots pine in experimental plantation in Kalsnava, Latvia. Forest Ecology and 

Management 306, 185–191. 

Jansons, Ā., Matisons, R., Krišāns, O., Džeriņa, B. & Zeps, M. 2016. Effect of initial fertilization 
on 34-year increment and wood properties of Norway spruce in Latvia. Silva Fennica 50(1), 
id 1346, 8 p. 

Jansons, A., Matisons, R., Libiete-Zālīte, Z., Baders, E. & Rieksts-Riekstiņš, J. 2013b. 
Relationships of height growth of lodgepole pine (Pinus contorta var. latifolia) and Scots 
pine (Pinus sylvestris) with climatic factors in Zvirgzde, Latvia. Baltic Forestry 19(2), 236–244. 

Jansons, Ā., Matisons, R., Zadiņa, M., Sisenis, L. & Jansons, J. 2015b. The effect of climatic 
factors on height increment of Scots pine in sites differing by continentality in Latvia. Silva 

Fennica 49(3), id 1262, 14 p. 
Jansons, Ā., Zeps, M., Rieksts-Riekstiņš, J., Matisons, R. & Krišāns, O. 2014. Height increment 

of hybrid aspen Populus tremuloides × P. tremula as a function of weather conditions in 
south-western part of Latvia. Silva Fennica 48(5), id 1124, 13 p. 

Jansson, G. Danusevicius, D. Grotehusman, H. Kowalczyk, J. Krajmerova, D. Skrøppa, T. & 
Wolf, H. 2013. Norway spruce (Picea abies (L.) H. Karst.). In: Pâques L.E, editor. Forest 
tree breeding in Europe: current state-of-the-art and perspectives. Managing forest 

ecosystems 25. Dordrecht: Springer Science+Business Media; p. 123–176. 



861 

Kaleja, S., Grinfelds, A. & Lazdins, A. 2013. Economic value of wood chips prepared from 
young stand tending. In Gaile, Z. (ed): Proceedings of the 19th international scientific 

conference Research for Rural Development, LLU, Jelgava, Latvia, pp. 66–72. 
Körner, C. 2003. Carbon limitation in trees. Journal of Ecology 91, 4–17. 

Kroon, J., Ericsson, T., Jansson, G. & Andersson, B. 2011. Patterns of genetic parameters for 
height in field genetic tests of Picea abies and Pinus sylvestris in Sweden. Tree Genetics & 

Genomes 7(6), 1099–1111. 
Krutzsch, P. 1974. The IUFRO 1964/68 provenance test with Norway spruce (Picea abies (L.) 

Karst.). Silvae Genetica 23, 58–62. 
Lazdins, A. & Zimelis, A. 2012. System analysis of productivity and cost of stump extraction for 

biofuel using MCR 500 excavat or head. In Gaile, Z. (ed): Proceedings of the 18th 

international scientific conference Research for Rural Development, LLU, Jelgava, Latvia, 
pp. 62–68. 

Libiete-Zalite, Z. & Jansons, A. 2011. Influence of genetic factors on Norway spruce (Picea abies 
(L.) Karst.) aboveground biomass and its distribution. In Gaile, Z. (ed): Proceedings of the 

17th international scientific conference Research for Rural Development, LLU, Jelgava, 
Latvia, pp. 39–45. 

Libiete-Zalite, Z., Matisons, R., Rieksts-Riekstins, J., Prieditis, A., Jansons, J., Smilga, J., 
Aizupiete, G. & Jansons, A. 2016. Aboveground biomass equations of 40 year old Norway 
spruce in Latvia. Baltic Forestry (accepted). 

Mäkinen, H., Nojd, P. & Saranpaa, P. 2003. Seasonal changes in stem radius and production of 

new tracheids in Norway spruce. Tree Physiology 23, 959–968. 

Neimane, U., Zadina, M., Jansons, J. & Jansons, A. 2016. Environmental factors affecting 
formation of lammas shoots in young stands of Norway spruce in Latvia. Baltic Forestry 
(accepted). 

Neimane, U., Zadina, M., Sisenis, L., Dzerina, B. & Pobiarzens, A. 2015. Influence of lammas 
shoots on productivity of Norway spruce in Latvia. Agronomy Research 13, 354–360. 

Nikodemus, O. Kasparinskis, R. & Tabors, G. 2008. Soil mapping in Latvia according to the 
international FAO WRB 2006 soil classification. Problems and solutions. Vagos, 80, 68–74. 

Odin, H. 1972. Studies of increment rhythm of Scots pine and Norway spruce. Studia Forestalia 

Suecica 97, 32 p. 
Persson, B. & Persson, A. 1992. Survival and quality of Norway spruce (Picea abies (L.) Karst.) 

provenances at the three Swedish sites of the IUFRO 1964/68 Picea abies provenance 
experiment. Report, 29, Dept For Yield Research, SLU, Sweden. 67 p. 

Pollard, D.F.W. & Logan, K.T. 1974. The role of free growth in the differentiation of provenances 
of black spruce Picea mariana (Mill.) B.S.P. Canadian Journal of Forest Research 4(3), 
308–311. 

R Core Team. 2013. R: A language and environment for statistical computing. R Foundation for 
Statistical Computing, Vienna, Austria. URL http://www.R-project.org/. 

Rossi, S., Deslauriers, A., Anfodillo, T., Morin, H., Saracino, A., Motta, R. & Borghetti, M. 

2006. Conifers in cold environments synchronize maximum growth rate of tree-ring 

formation with day length. New Phytologist 170, 301–310. 

Skrøppa, T. & Magnussen, S. 1993. Provenance variation in shoot growth components of Norway 

spruce. Silvae Genetica 42, 111–120. 

Skrøppa, T. & Steffenrem, A. 2015. Selection in a provenance trial of Norway spruce (Picea abies 

L. Karst) produced a land race with desirable properties. Scandinavian Journal of Forest 

Research, DOI: 10.1080/02827581.2015.1081983. 

Zimelis, A., Lazdans, V. & Lazdiņa, D. 2012. Evaluation of forest regeneration results after 

stump extraction in joint stock company 'Latvian state forests'. In Gaile, Z. (ed): 

Proceedings of the 18th international scientific conference Research for Rural Development, 

LLU, Jelgava, Latvia, pp. 69–72. 


