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Typically, soil respiration accounts for most of the
ecosystem respiration. According to recent studies on
ecosystem respiration, stem respiration could be even
larger than leaf respiration, which is generally known to
be the second largest component (e.g., Bolstad et al.,
2004; McGuire and Teskey, 2004; Guan et al., 2006;
Tang et al., 2008). For example, in terms of cumulative
annual soil respiration, Tang et al. (2008) reported that
the stem respiration (per unit ground area in m?) in the
old-growth hardwood-dominated and hemlock-domi-
nated stands in northern Michigan, USA accounted for
13 and 22% of the total ecosystem respiration, respec-
tively. Despite its relative importance, few studies have
dealt with stem respiration. Therefore, the recent contri-
bution of Kim et al. (2007a) is opportune and important.
The authors measured stem respiration (per unit surface
area of the enclosed stem in m?) of red pine (Pinus den-
siflora) using an open flow system, which ranged from
0.25 to 0.55 pmol m~ s7! in the winter and from 1.25 to
1.63 umol m™ s™" in the summer. Although the authors
have used the term, “total respiration” in a vague man-
ner, they concluded that the woody tissue respiration in
the stems of red pines during the summer amounted for
~50% of the total respiration rates. We agree with the
authors that stem respiration could be an important
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component of the carbon cycle in a red pine forest eco-
system, but we disagree on the authors’ method of cal-
culating the stem respiration rate, and their analysis and
interpretation of the results.

I. REPRESENTATIVENESS OF
THE SAMPLED DATA

The authors have used only three and a half consecu-
tive days of measurements in the summer and 18 days in
the winter to represent the seasonal stem respiration,
which is hardly justified particularly for the summer sea-
son. Such a limited dataset was further analyzed to quan-
tify the temperature response function such as the Qy
factor for each season. A year-long dataset seems to be
available for the same site according to Kim et al.
(2007b) which may provide data with a wide range of
temperature and from different growth stages. Then, the
similar analyses based on the whole year’s measure-
ments would better demonstrate the authors’ conclusion.

II. EVALUATION OF Q,, BY
REGRESSION ANALYSIS

We note that there is a sizable offset between the two
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Fig. 1. Comparison of the relationships between hourly
mean stem temperature and woody tissue respiration rate in
summer (@) and winter (O). Adapted from Fig. 3, Kim ez
al. (2007a).

temperature response curves of the summer (@) and
winter (O) stem respirations (Fig. 1). Based on the
assumptions that stem respiration consists of mainte-
nance and growth components, and that the stem res-
piration in the winter is used only for maintenance,
the authors calculated the growth respiration from the
difference between the stem respiration in the sum-
mer and the winter. However, such an extrapolation
is not acceptable because the two datasets do not
overlap. In fact, the regression lines in Fig. 1 should
be applied only to the range of temperatures encoun-
tered during the period of field measurement. Fur-
thermore, such a large and consistent offset between
summer and winter seasons has not been reported in
other studies (e.g., Bolstad er al., 2004), and a
smooth transition (without an offset) of stem respira-
tion should be expected from low temperatures (win-
ter) to high temperatures (summer) (Naishen Liang,
personal communication). Again, we suggest the
authors to draw one regression line (shown as the
shaded line in Fig. 1) using both summer and winter
data together to evaluate the Q,, factor. If at all pos-
sible, an analysis based on a whole year-long dataset
including spring and fall season measurements would
be more convincing.

III. MASS BALANCE APPROACH

The authors’ estimates of stem respiration by measur-
ing only CO, efflux to the atmosphere are based on the
assumptions that (1) all CO, efflux detected by the
measurement system is originated from stem tissues
and (2) there is no escape of CO, except to the atmo-
sphere. These assumptions should be clearly mentioned
by the authors prior to any further analysis and discus-
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Fig. 2. Conceptual schematic of CO, flux within and from a
stem segment enclosed with a chamber system. E, is efflux
to atmosphere; /; and E; are dissolved CO, entering and
leaving the segment in flowing sap; AS is change in internal
CO; concentration in sap flow over time; A[CO,] is the dif-
ference between concentrations of CO, of air flowing into
and out of the chamber; [CO;]T and [CO;]B are top and
bottom concentrations of CO, in the stem segment, respec-
tively.

sion. According to McGuire and Teskey (2004), dis-
solved CO, can be transported into and out of the stem
through the xylem. They suggested a mass balance
approach that accounts for CO, efflux from the stem to
the atmosphere, transport efflux and influx of CO,
through xylem and storage flux as (McGuire and Tes-
key, 2004):

Ry=E, +(E;—I;)+AS @)

where R; is respiration rate of a segment of stem (umol
CO, m™ sapwood s™'); E, is efflux to atmosphere (i.e.,
CO, leaving the segment by diffusion through bark);
transport influx (Et) and transport efflux (/1) are dis-
solved CO, entering and leaving the segment in flow-
ing sap; and storage flux (AS) is the increase or
decrease in mean CO, concentration in sap flow over
time. Below, for completeness, we provided a concep-
tual schematic of CO, flux from and within a stem seg-
ment of a tree (Fig. 2) and defined all three terms on
the right hand side of Eq. (1). Following McGuire and
Teskey (2004),

E; = (f1/v)A[CO,] @

where E, is in units of pmol CO, m™ sapwood s™'; f; is
rate of the air flow through a chamber surrounding the
stem segment (mol s™'); v is the sapwood volume of the
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stem segment (m®); and A[CO,] is the difference
between concentrations of CO, of air flowing into and
out of the chamber (umol mol™).

Er—1Ir = (fs/V)([CO4]—[CO315) 3)

where fs is the rate of sap flow through the segment (1
sy [CO;] is [CO,] in xylem sap, which is measured
at the top and bottom of the chamber (umol CO, I');
and thus Er and /It are also in units of umol CO, m>
sapwood s™'. Finally,

AS = ([CO3]7,~ [COLr)LAT,—T,) (4)

where [CO;]T1 and [CO;]T2 are means of top and bot-
tom [CO;] in the stem segment at time 7 and 7, in
seconds, respectively, and AS is in units of umol CO,
m~ sapwood s

The authors considered only the first term, £, on the
right hand side of Eq. (1). However, McGuire and Tes-
key (2004) argue that measurements of CO, efflux
alone do not account for all the CO, produced by stem
respiration. They showed that the contribution of other
terms (i.e., (E;—1;) and AS) can be much greater than
that of E,. Furthermore, their relative contribution dem-
onstrates not only diurnal variation but also possibly
seasonal variation (because bark permeability may
change seasonally with environmental conditions and
with tree size and height). Significant differences in rel-
ative contributions of individual components in Eq. (1)
between daytime and nighttime may cause an artifact in
fitting a regression curve for a Q;, estimation particu-
larly when daytime and nighttime data are combined
and used for analysis.

IV. CONVERSION OF UNITS
BETWEEN AREA AND
VOLUME BASIS

As clearly indicated in Egs. (1)-(4), it should be also
noted that the authors estimated £, per unit stem sur-
face area and not per sapwood volume basis. This leads
to our final comment on the computation of stem respi-
ration by Kim ef al. (2007a). In recent studies on eco-
system respiration, measured stem respiration rates per
unit stem surface area are converted to rates per unit
sapwood volume based on tree diameter at breast height
(DBH) and sapwood depth. And then, the converted

stem respiration rates per unit sapwood volume is con-
verted to rates per unit ground area by multiplying unit
sapwood volume per unit ground area (e.g., Bolstad et
al., 2004; Tang et al., 2008). Such conversion of the
rates to per unit ground area would be particularly use-
ful when the components of the carbon budget of the
whole forest ecosystem are considered on a longer term
basis.
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