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Forests have a pulsing growth. From the tropics to the northern tree limits, alternative growth and rest periods follow the succession of favourable and adverse climatic conditions. In temperate and boreal regions, the regularly changing seasons outline a precise period for cambial activity so irreversibly marking the wood with tree rings. What happens during this pulsing? How and when is the inexorable rhythmic increase in tree size produced? Investigations at short time scale have been recently developed in order to understand the intra-annual dynamic of xylem production, from the first cambial division to the last cell forming its secondary wall.

Histological analyses are used to describe cambial activity and xylem cell differentiation in conifers of cold environments as Larix decidua, Pinus cembra, Pinus leucodermis, Pinus uncinata and Picea abies at high-altitude timberlines. Wood microcores are collected weekly from spring to autumn by using specifically designed tools and cross-sections prepared to distinguish xylem cells of the growing tree-ring and to count the number of cells in the cambial zone, radial cell enlargement, secondary wall thickening and lignification and the number of mature tracheids. The anatomical changes characterizing the phases of xylem cell production and differentiation during the year are assessed to describe stem radial growth during the year. All species show the same trend of xylem formation with three delayed bell-shaped curves and an s-shaped curve observed for cambium, enlarging and wall thickening cells and mature cells, respectively. Cells divide in the cambial zones from April to August, depending on species. In the Italian treelines, from 100 to 130 days are required to complete cell differentiation. Tree-ring formation is observed to be complete during September.
The anatomical analyses of xylem production during the growing season have been used to study forest ecology of timberline species and to evaluate the growth-climate relationships. In cold environments, trees synchronise annual growth rate with maximum day length. Temperature thresholds affecting cambial activity and xylogenesis have been assessed. At the Alpine timberline, an age-related phenology of cell production and differentiation has been observed. The Italian projects concerning intra-annual tree-ring formation as well as the most recent applications of analyses of xylogenesis for studying radial growth of cold climate forest ecosystems will be described.

 

