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ABSTRACT

The ability to quantify the amount of carbon plants allocate to fine roots (and their mycorrhizas)
and its below-ground C residence time is a major missing link in efforts to quantify and describe
forest C cycles (Joslin et al. 2006). Quantification of the role of roots in carbon cycling requires
estimating root biomass, turnover rate, and C concentrations. More data is available on fine root
biomass (e.g. Finér et al. 2007, Helmisaari et al. 2008), whereas the estimation of root turnover
rates and their relationship to environmental factors still remains poorly known. Total C
concentrations in roots are relatively well known, but the composition of different C compounds
need to be studied more as they have important roles, and affect soil processes through root
exudates and litter.

Since the belowground and aboveground parts of plants are closely linked, a whole-tree and
ecosystem approach is necessary for estimating and understanding the role of fine roots and their
mycorrhizas in carbon cycling. The rate of growth, as well as the longevity of fine roots and
mycorrhizal mycelia, are affected by the availability of carbohydrates and nutrients (e.g. Nilsson
et al. 2005, Withington et al. 2006), and by environmental factors such as soil temperature and
moisture (e.g. Majdi & Ohrvik 2004). The relationships between these factors and fine root
dynamics are poorly known for most species and sites.

Recently, there has been an active debate on the accuracy of different methods for investigating
fine root longevity (e.g. Strand et al. 2008). Estimates of root turnover and longevity have been
obtained through sequential coring and measuring root growth into root-free ingrowth cores,
minirhizotrones allowing in situ observations of root growth and mortality, or isotopic methods.
Despite the variability in field methods, mean ages of fine roots in ecosystem models have
reflected a consensus that the majority of tree fine roots grow and die within a few years, though
some studies report turnover times of several years. The age of rhizomes of clonal dwarf shrubs
(e.g. Vaccinium genera) can be tens of years, but their fine root turnover may be rapid, and the
ericoid mycorrhizal fungi significantly contribute to soil C stores (Olsrud & Christensen 2004).

Measurements of mean age of fine root C using radiocarbon isotopic methods (Gaudinski et al.
2001, Matamala et al. 2003) indicated that *“C-values measured in live, dead, and mixed fine
roots from temperate forests corresponded to a longer time elapsed since C was fixed from the
atmosphere than estimates of root lifetime previously reported using other methods. Part of this
discrepancy was caused by root sorting problems, and careful sampling and sorting yielded more
comparable root age results with other methods (Tierney & Fahey 2002). Later studies (Luo
2003, Vargas et al. 2009) also showed that the assumption of isotopic methods that root growth
only uses recently fixed photosynthetic carbon may not hold in all situations, as stored, non-
structural C can be retranslocated, and used for new root growth.
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There exists no single method that has proved to be best in all situations for root longevity
determinations, as most of the methods have their strengths and error sources. Studies involving
several methods for turnover determination on the same sites are valuable. All empirical studies,
as well as any literature-based regional or global analyses of fine root turnover, should report not
only which methods were used but also how and under which environmental conditions the
studies were performed, and exactly which species, and components were analysed.

Nobody is demanding an aboveground researcher to point out a single value for needle/leaf
turnover. Modellers have, however, asked this for fine root turnover, but root researchers should
point out that there exists no single value, since many factors affect root turnover time, e.g. plant
species, climate and weather, soil nutrient status, the root component in question and the
mychorrhizal status. Answers to these questions can best be found through continuing empirical
and experimental research.
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