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ABSTRACT
I. Natural variability in soil and detrital carbon sampling is
typically large enough that it hinders accurate assessment of
standing stock and changes that may occur following
disturbances and experimental treatments. We are developing
carbon budgets in forests of Northern California and wish to
see how experimental canopy thinning may affect carbon
cycling in these forests.
II. In the pre-treatment phase, we have sought methods to
quantify detrital carbon pools in an accurate and efficient
manner. We have found that small soil excavations 15 cm
diameter to a depth of 10 cm work very well to reduce
variation an avoid introducing sampling biases. We excavate a
pit carefully of uniform dimensions using cutting chisels and
scoops. We fill the void created using small pebbles contained
in a small net and then weigh the pebbles to obtain a volume
estimate of the soil collected.
III. The samples are sorted moist through a series of sieves
of 6, 4, and 2 mm into rocks, live roots, dead roots, woody
debris, and remaining soil and its organic matter. From a
single sample, we estimate proportional rock volume, fine soil
bulk density (soil bulk density of the 2 mm fraction), live
roots, dead roots, woody debris, and proportion of organic
matter in the 2 mm fraction.
IV. The standard deviations of soil measures (soil carbon,
loss on ignition, bulk density, rock volume, live and dead root
mass) were universally reduced over similar measures by soil
corers, in some instances by up to 5-fold. Coefficient of
variation using excavation pits are typically 5 to 10 %,
whereas cores were 20 to 30 %.
V. We have observed that variation in soil organic matter is
more a function of variation in soil bulk density than with
variation in percent soil organic matter content. As a result,
we often see increased soil organic matter stores at depths
below 10 cm.
VI. Soils beneath highly decayed logs show increases in soil
carbon in the mineral soil suggesting woody debris is a source
of soil carbon. Below-ground carbon contents to a depth of 30
cm range from 90 to over 150 Mg ha -1. It is composed of
approximately 3% live roots, 3% dead roots, 9% woody
debris, and the remainder soil organic matter.
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I. Site

VI. Woody debris inputs

Results

A mixed conifer stand at 5,000 foot elevation
(right). The white dotted line is a buried log and
is a source of soil organic matter. Total organic
carbon at the log was double that of nearby soil.

IV. Variation within methods
We compared the excavated pit method (15 cm diameter) to the two cores (5.6
and 3.5 cm diameters) and to a standard double-walled, hammer-driven, bulk
density sampler (5.34 cm diameter). Each method was used to collect six soil
samples over a 6 m2 rectangle. The two soil cores tended to lose soil out the
bottom and compress soils inside the core producing coefficients of variation
(CV) of 20 to 40% for bulk density. We resampled the cores and prevented
bottom loss by excavating and lifting the core from the bottom with a trowel. We
measured compression inside the core and adjusted sample volumes. These
corrections reduced the CVs of the small cores which had severe compression.
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Three forest stands in the Northern
Sierra Nevada Range are being
sampled for soil carbon stocks.
Canopy thinning is planned.
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II. Soil Excavations
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1Bulk

density of soil with rocks, roots or wood sieved out. Corrected for loss out the bottom and for compression of soil
in the core. 2Corrected for soil loss out the bottom but not for compression. Significant differences indicated by letters
(ANOVA, Bonferroni test p<0.07.

Chisel shapes a uniform soil pit; an ice
cream scoop excavates the soil nicely.

III. Separating roots, rocks, and soil

Soil samples are run through a series of
sieves (6, 4, and 2 mm), without drying,
allowing separation of live from dead
roots.

Pebbles in a net fill the excavated pit (15
cm wide by 10 cm deep). Weight of
pebbles are converted to volume.

Gently blowing on sievings while shaking
in a tray separates roots, woody debris and
rocks.

Cores are driven into pit to excavate
deeper layers (10-20 cm and 20-30 cm).

Bulk density, live and dead roots, rocks,
wood, and soil organic matter are
collected on the same sample to aid
accurate summations of carbon stocks.

Equation for soil carbon standing stock Mg C ha-1 to 10 cm depth: Ci = fbdi ∙ loii ∙  − prop ns voli ∙
Where: Ci represents the carbon standing stock of the ith sample; fbd = fine soil bulk density (g/cm-3, dry mass of the 2-mm sieved soil divided by the
volume of the 2-mm sieved soil [total sample vol – non-soil vol]); loi = loss on ignition (g loss/g dry wt , 450°C, 6 hours); prop ns vol = proportion of
non-soil volume (vol of rocks, roots, and woody debris/total sample vol); 500 is a unit conversion factor to produce Mg C ha-1 (10 cm depth ∙ 10-6 Mg/g
∙ 108 cm 2/ha ∙ 0.5 gC/gOM).

V. Estimates of carbon stocks
Higher soil carbon estimates from the hammer-driven and excavated pit methods
are mostly the result of higher soil bulk densities as loss on ignition was not very
different among the four methods. The soil carbon are the means of individual
pit or core calculations via our equation (as opposed to first calculating means
then using the means in the equation). This allows measures that were correlated
spatially to be multiplied together.. The loss on ignition and bulk density were
positively correlated (r = 0.7 to 0.8) for the hammer-driven and excavated pit
methods and negatively correlated (r = -0.6 to -0.8) for the two cores. (We don’t
know why.) Multiplying pairs of variables that are positively correlated and
then averaging produces larger means (and larger CVs) Note the higher CVs for
cores for loss on ignition, and bulk density, but lower CVs for the calculated soil
carbon. Whereas the CVs for soil carbon for excavated pits and hammer-driven
sampler remained low as a result of the relatively low CVs of the input variables.
The mean soil carbon estimate for the excavated pits was higher than the
hammer-driven sampler as there tended to be higher bulk density and loss on
ignition values from the excavated pits. Higher non-soil volume in the
excavated pits acted to reduce estimates of soil carbon (i.e., less soil = less soil
carbon). We believe that while soil bulk density or loss on ignition should not be
very different between these two methods, non-soil volume may be more
accurate in pits as rocks can be more easily excavated and measured. Whereas
often sample sites were rejected for cores when buried rocks prevented the core
from being driven to the 10 cm depth. This likely led to a negative bias in nonsoil volumes and overestimates of soil carbon. The reason the hammer-driven
sampler produced lower values of bulk density and loss on ignition may be
related to the diameter and the spatial distribution of organic matter and mineral
soil. The larger diameter samplers and especially the pits reduced variation of
woody debris pieces. However, live roots and dead roots estimates of standing
stocks and variation were no different among the four methods.

