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Abstract 

The xylem growth and cambium activity of European larch (Larix decidua) and Scots pine 
(Pinus sylvestris) from the Călimani Mountains were studied during the 2013 growth season.  Wood 
microcores were collected weekly from April to October and prepared to describe and to determine 
the number of cells. Phases of tree ring development were described and discussed, in number of cells 
and phase duration: cambial phase, cells enlargement, cell wall thickening and mature cells. The 
start of the cell division occurred in April 15 for larch, while for Scots pine about a week earlier 
when occurred when the first cell division. Tree ring formation ended in late September-early 
October. The highest numbers of cells and maximum phase duration was observed in Scots pine, 
whereas a reduced cell number was observed in larch.  
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INTRODUCTION  
 

The formation of annual tree rings in coniferous species with 
qualitative and quantitative evaluation of xylem cells, represent an interest 
for researchers. The xylem formation is an important process that takes 
place in four successive phases during the growing season. (Rossi S. et al, 
2006). In most cases, the process of xylem growth varies from one year to 
another (Deslauriers A. et al, 2008). Climatic fluctuations during the 
growing season are the most important factor in growth (Rossi S. et al, 
2006). For understanding of the dynamics of cell production and maturation 
repeated investigations are needed on forming cells during xylem 
developing (Rossi S. et al, 2006; Wimmer R., 2002). Other studies show the 
problem of intra-annual variation of the xylem, even more the dynamics of 
radial growth phases (Schmitt U. et al, 2004, Oberhuber W. et al, 1998). 
Most studies on monitoring the processes of xylem formation are 
considering coniferous species (Deslauriers A. et al, 2008, Gricar J. et al, 
2009, Moser L. et al, 2010, Rossi S. et al, 2006b, Vaganov EA., 2004). In 
growth radial onset and duration in during growing season, is remarked an 
variability because of intra-annual differences in weather (Deslauriers A. 
and Morin JA. 2005, Rossi S. et al, 2006). The onset of cambial activity in 
Scots pine was analyzed between altitudinal levels in northern Finland (Seo 
WJ. 2007 et al, 2007). Radial growth in Scots pine was reduced by limiting 
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water comparing with larch growth which is increased by higher 
temperature (Keller et al. 1997). The earlier onset of phenological phases in 
spring influences the radial growth (Studer et al. 2005). The object of this 
research is to analyse the dynamics of the cambial activity and different 
stages of the annual tree ring formation during the period 2013 for larch and 
Scots pine from Calimani Mts.. 
 
MATERIAL AND METHOD  
 

The study is located on the northern slope (47° 06' N 25°15'E) of the 
Călimani Mountains in the North of the Eastern Carpathians. The altitude of 
the research plot is 1400 meters a.s.l.. Five trees of larch and similar five of 
Scots pine were chosen to take samples weekly from April to October 2013. 
Wood microcores were collected with a Trephor tool (Rossi S. et al, 2006a), 
samples were taken with a thickness of 2.5 mm and a length of 3-5 cm and 
collected at the height of 1.30 m at a distance of 5 cm one from another to 
avoid tissue injury. Immediately after sampling, microcores were placed in a 
solution of 1:1 ethanol-water in Eppendorf microtubes, in order to avoid 
their drying. The microcores were processed in the laboratory according to 
methodology by Rossi S. et al (2006b). The first procedure consisted in 
dehydration of microcores in ethanol with various concentrations immersed 
in RotiClear and paraffin using STP 120 Microm tissue processor. The 
samples mounted in paraffin blocks have been processed with Microm 
HM335 microtome to give sections of 7-8μm thickness. The samples were 
stained with 0.32% solution of cresyl violet acetate. The microsections were 
analysed at microscope in polarized visible light at X50-400 magnification 
to identify the cells in different stages of development. The microscopic 
observations of the growing xylem were done for each phases of tree ring 
development: cambial phase, cells enlargement, cell wall thickening 
(lignification phase) and mature cells (Rossi S. et al, 2006b, Cufar K. et al, 
2008,). Observations were made on the onset and cessation of each phase. 
The radial number of cells in each phase of development was counted along 
3 files for each sample (Antonova GF. et al, 1995; Deslauriers A. et al, 
2003). Number of cells varies along tree circumference and standardization 
methods were applied using the precedent tree ring cells number as 
reference (Rossi S. et al, 2003, 2006b).  

 
RESULTS AND DISSCUSIONS  
 

The dynamics of xylem formation have been studied in order to 
assess the radial growth, including onset and ending of growing season. In 
tree ring development were analysed more successive phases during the 
growing season: cambial cell activity, development of cells, thickening of 
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cell walls, respectively completely lignified cells. Detailed analysis of 
xylem cells shows that start of the growing season occurred in April 15 for 
larch, when cambial cell division occurred. A significant increase of 
cambial cells number was observed for Scots pine about a week earlier than 
larch. The duration of cambial cell production was lower for larch 
comparing with Scots pine (Fig. 1). More studies show that high spring 
temperatures influence positively radial growth (Deslauriers A. et al, 2008) 
and summer temperature is the important controller of radial growth (Fritts  
H. et al, 1976). Significant differences among species were noticed in 
research (Schmitt U. et al, 2004; Deslauriers A. et al, 2008). The differences 
in onset of cell enlargement were observed between the two species, with an 
onset earlier of cell development in Scots pine. Comparing number of cells 
enlargement of both species, can be observed a reduced number of cells 
enlargement in larch (Fig.1). 

 

 
 

 
Fig. 1 Number of xylem cells observed in the cambial zone and enlargement phase, in larch 

and Scots pine during 2013. 
 

 The onset of lignification phase occurs in middle May to early June, 
when in the polarized light, the first cells undergoing lignification were 
observed.  The differences among species are of 7-19 days, reported on 
phase debut of lignification. The duration of the lignification phase is of 
100-110 days in Scots pine and of 86-100 days in larch. The lignification 
process occurred until late September for both species. The first mature 
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cells, fully lignified was observed around June 16 in Scots pine, with about 
one week earlier than larch (Fig.2) The differences of radial growth on 
number of cell and times spent in cell differences, were observed in study 
carried out at three species in Italia (Rossi S. et al, 2003b). The complete 
formation of the xylem was noticed in late September-early October, when 
the last mature cells are registered. The duration of all xylem development 
phases varies between species.  

 

 
 

 
Fig. 2 Number of xylem cells observed in wall thickening phase and number of mature 

xylem cells in larch and Scots pine during 2013. 
 
CONCLUSIONS 
 
 Xylem growth is a complex process and to evaluation the dynamics 
of phase formation of the annual ring are necessary repeated xylem analysis. 
The research on the study of annual xylem formation on cell number, can 
offer essential information during the growing season in relationships with 
environmental factors. According by (Fritts  H. et al, 1976), radial tracheid 
growth depends by the climatic conditions  and induce differences in the 
cell rate production of the annual tree-ring. The onset and duration of each 
xylem development phase (division cambial, radial enlargement and 
secondary cell wall thickening) showed differences between larch and Scots 
pine from Calimani Mts..  
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