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Irreconcilable Differences: Fine-Root
Life Spans and Soil Carbon Persistence
Allan E. Strand,1 Seth G. Pritchard,1* M. Luke McCormack,2 Micheal A. Davis,3 Ram Oren4

The residence time of fine-root carbon in soil is one of the least understood aspects of the global
carbon cycle, and fine-root dynamics are one of the least understood aspects of plant function.
Most recent studies of these belowground dynamics have used one of two methodological
strategies. In one approach, based on analysis of carbon isotopes, the persistence of carbon is
inferred; in the other, based on direct observations of roots with cameras, the longevity of
individual roots is measured. We show that the contribution of fine roots to the global carbon cycle
has been overstated because observations of root lifetimes systematically overestimate the turnover
of fine-root biomass. On the other hand, isotopic techniques systematically underestimate the
turnover of individual roots. These differences, by virtue of the separate processes or pools
measured, are irreconcilable.

Fine roots (those with diameters <2.0 mm)
serve at least two roles of global impor-
tance: They act as conduits transporting

carbon (C) into belowground C pools, and they
acquire soil resources. Consequently, predictive
models of plant function, forest nutrition, and
global C cycling depend on accurate quantifica-
tion of fine-root longevity and turnover rate.

Considerable effort has been expended to
quantify the potential for fine roots to absorb C
from the growing pool of atmospheric CO2 and
to sequester it in mineral soil. Globally, soil C
pools are particularly important because they
contain approximately 3.3 times more C than
the atmospheric pool and 4.0 times more C than

the aboveground terrestrial biomass pool (1–4).
Much of the C present in soil is probably de-
rived from fine roots (5).

Understanding fine-root dynamics is also
critical for understanding how plants acquire
water and nutrients from soil. Because most
uptake occurs in roots <1 mm in diameter, fine-
root pool size may limit forest productivity by
limiting plant absorptive capacity. Fine roots are
also the primary site of infection by mycorrhizal
fungi, which influence a wide range of eco-
system properties, including productivity, bio-
diversity, and soil structure.

There is currently an ongoing debate on the
efficacy of methods that measure C residence
time in fine roots using 13C-depleted atmo-
spheric enrichment (6) versus methods that
observe roots directly by means of microvideo
cameras (minirhizotrons) (6–8). This debate has
been fueled by the observation that isotope-
based estimates of C residence times in fine
roots are much longer (>4 years) than estimates
of root longevity determined by repeated ob-
servation with minirhizotrons (<1 year) (9, 10).

Several sources of discrepancy between these
approaches have been identified: (i) differences
in the pool of roots sampled with isotope versus
minirhizotron methods (8, 11), (ii) the con-
founding effects of carbohydrate storage on
depletion rates of C isotopes (12), (iii) the ap-
propriateness of underlying survival functions
assumed by isotope methods (10, 13), (iv) over-
estimation of turnover rate because of using
median longevity as a surrogate for mean lon-
gevity in minirhizotron studies (11), and (v) slow
return to equilibrium root dynamics after the
installation of minirhizotron access tubes (14).

Although technical issues inherent to isotopic
and minirhizotron methods have led to disparate
conclusions about fine-root dynamics, arguments
regarding the validity of these methods skirt the
issue that multiple belowground processes require
characterization and, although related, may best
be measured with different approaches. In this
study, we set out to reconcile measures of fine-
root C pool dynamics derived with isotopic
methods and fine-root dynamics obtained from
minirhizotrons. First, we assess the relative mag-
nitudes of several sources of measurement error
associated with isotope and minirhizotron ap-
proaches; second, we attempt to quantify the
differences between C residence and individual
root-dynamic–focused studies. We used survival
analysis to examine the root dynamics in the
CO2-enriched plots at the Duke University free-
air CO2 enrichment (FACE) facility (15). The
longevity of 2181 individual roots, with diameters
<2 mm, was recorded over 8 years from repeated
video images; 64% of these roots were followed
until senescence and death. The remainder were
alive at the end of the experiment andwere treated
as right-censored in survival analyses. We then
compared our results to estimates of root turnover
derived using isotopic techniques from the same
forest plots, published by Matamala et al. (6).

Previously published isotopic estimates of
turnover for this forest (6) have been criticized on
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