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Abstract We compared lignocellulose (the second most
abundant component of plant material) degradation over 8
months in contrasting soils from each of five sites across
the United States with the aim of assessing which soils are
likely to store more C. The soils were collected from a
tallgrass prairie restoration (farmland, and plots restored in
1993 and 1979), the semiarid shrub-steppe (cool, moist
upper slope and warm, dry lower slope soils), long-term
farmland (no-till and conventional-till), and from two for-
est soils (loblolly pine and Douglas fir; fertilized and non-
fertilized). Soils that rapidly metabolized freshly added C
exploited endogenous and newly transformed C to a lesser
degree over the course of the incubation (lower slope
shrub-steppe, nonfertilized Douglas fir, and tallgrass prairie
farmed and 1993 restorations). We also pooled the data to
find a strong relationship between sand content and lig-
nocellulose C remaining in the soil after 8 months (R=0.68)
and also between short-term storage of lignocellulose C
(at 7 days) and lignocellulose C remaining after 8 months
(R=0.94). To predict C storage, models of C and soil prop-
erties must be modified to reflect the structure and function
of microbial communities. Communities in richer soils
may be more competent to use native C following fresh C
additions when compared with communities in poorer
soils.
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Introduction

Lignocellulose is a major structural component of vascular
plants and the second most abundant biopolymer on the
planet, a complex substrate composed of aromatic lignitic
and cellulosic components. Even though cellulose can be
protected from decomposition by clays and lignins, cellu-
losic components tend to be decomposed much more read-
ily than the lignitic components, making the lignin the most
biologically recalcitrant part of the substrate (Crawford
et al. 1977). The slower decomposition rate of lignin and
possibly physically protected cellulose may be associated
with a more efficient storage of C, as soil microorganisms
may respire less of the substrate as CO, (Smith 1994). To
investigate C storage in complex C systems, it is advan-
tageous to use '*C lignin to follow decomposition products
into various C fractions to estimate the ultimate fate of re-
calcitrant material.

Lignocellulose degradation is primarily, but not always,
mediated by fungi (Cox et al. 2001). Fungal inoculation
can accelerate this process, but may be unsuccessful when
introduced to natural soils (Lang et al. 1998). It is possible
that indigenous species of fungi may be best adapted to
partition lignin efficiently into more recalcitrant fractions
of the organic matter pool than introduced species; there-
fore, the study and stimulation of native organisms may
lead to best practices to enhance C sequestration. Fungi that
were associated with the lignitic substrate were able to use
the solubilized organic C and released less of it to the
surrounding bulk soil for other organisms (fungi and bac-
teria) to use (Lang et al. 2000). This provides further in-
centive to identify soils that are actively storing C and to
study the processes by which this occurs.

Land management practices will affect C dynamics and
storage; practices that are best for traditional agricultural
may not be best for C sequestration (Paul et al. 2004).
Much effort has been invested in identifying practices that
favor C sequestration. Agricultural soils managed with no,
or minimum tillage, are more likely to sequester C than
conventionally tilled soils (Saber and Mrabet 2002; Six
et al. 1998; Yang and Kay 2001). This is also true for soils



in which tillage ceased and the land had reverted back to
native systems (Jastrow 1996). There is a strong associ-
ation of N with C cycling. However, N additions do not
always increase C storage (Paul et al. 2004), because it
has been found to stimulate mineralization of labile C
pools, such as those found in the litter layers of some
Swiss forest soils, thus decreasing the total C contained in
the soil profile (Jandl et al. 2003).

In addition to identifying soils that actively store C,
identifying simple, or short-term, measurements or pre-
dictors that may provide information about the long-term
disposition of C in a soil is a paramount challenge. The
range of characteristics that can be used to organize soils is
vast, and the suite of predictive traits almost endless. How-
ever, some features are more promising than others. For
example, much effort has been spent on using soil textures
as indicators of various biochemical rates and processes
(Coté et al. 2000; Hook and Burke 2000). Other char-
acteristics that have been found to be associated with C
dynamics include microbial activity (Bailey et al. 2002),
particulate organic C (Franzluebbers and Arshad 1997), and
mineralizable N and C contents (Chantigny et al. 2002). In
other studies, substrate preference may govern the differ-
ential decomposition of newly added materials compared
with endogenous C sources (Girisha et al. 2003). Most of
these studies have focused on a single soil or a single
contrasting pair of soils, making broad inferences from
these relationships difficult.

The purpose of this research was twofold: (1) to search
for differences in lignocellulose metabolism in forest,
grassland, prairie and agricultural soils, differing in man-
agement or state, and (2) to identify short-term indicators
of long-term C distribution. Specifically, we hypothesized
that N fertilized soils, restored prairie, and grassland soils
and soils under no-tillage mediated would be most likely
to retain more freshly added C.

Materials and methods
Soils

Soils were collected from the five locations across the
United States in the spring of 2001, using a uniform depth
increment of 0—5 cm. The five different ecosystems are:

Semiarid shrub-steppe. Two locations were sampled:
an upper (840 m ASL) and a lower (313 m ASL)
position on Rattlesnake Mountain at the Arid Lands
Ecology Reserve (Richland, WA). These locations
differ in that the lower site has a hotter, drier climate
than the upper site, with a mean annual temperature
~6°C (5°C) warmer and ~90 mm (50 mm) less precip-
itation annually than the upper site (Link et al. 2003;
Smith et al. 2002). The soils at this site are Xerollic
Camborthids.

Tall grass prairie. Three locations within the tallgrass
prairie restoration chronosequence at the Fermi Na-
tional Laboratory (Batavia, IL) were sampled: plots
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reverted to tallgrass prairie in 1979 and 1993, and
farmland that has been in long-term rotation with row
crops (J. Jastrow, personal communication). All soils
were Typic Endoaquolls.

Douglas fir forest. Two locations of a previously
established research program (1980) in a Douglas fir
forest near Buckley, WA, were sampled: control (no
fertilizer) and N-fertilized plots (200 kg N ha™', previ-
ously applied in 1997). These soils are of volcanic
origin and classified as Typic Hapludands.

Loblolly pine plantation. Similar to the Douglas fir
forest, two established research plots (1990) were
sampled in a loblolly pine plantation near Atmore, AL:
control (no fertilizer) and N-fertilized plots (diammo-
nium phosphate in 1990). These soils are classed as
Rhodic Kandiudults.

Agricultural land. Two farmed fields near Palouse,
WA, that have been managed with contrasting tillage
practices were sampled: conventional tillage (CT) and
25 years of no tillage (NT). The soils are in fields
adjacent to each other on the same soil series (Palouse
silt loam). The typical crop rotation is winter wheat and
dry peas. Conventional tillage consisted of plowing
(moldboard) and harrowing, either in the spring or the
fall, but at least once a year. The no-till field is planted
with a one-pass drill with no cultivation. The soils are
classified as Pachic Haploxerolls.

Selected characteristics of the 11 soils are presented in
Table 1. All soils were sieved (2 mm), with removal of
visible plant material, and subsequently stored at 4°C until
conditioning or analysis. Total C and N were determined by
combustion (Leco Corp., St. Joseph, MI), pH by analysis in
a 1:2 (w:w) soil/water slurry, and particle size by the
hydrometer method (Bouyoucos 1962). The F:B ratio was
determined using the selective inhibition method in pre-
viously published research (Bailey et al. 2002).

Incubation and respiration

“C-labeled lignocellulose with a specific activity of 478
dpm mg ' lignocellulose (1,541 dpm mg ' C; D. Crawford,
University of Moscow, Idaho, USA) was used in all soil
incubations. This material was ground to >53 pum, making
it part of the particulate organic matter (POM) C fraction.
Soils (10 g, oven-dry equivalent) were weighed into 50-ml
tubes and conditioned at 21°C at a water content of —0.03
MPa for 1 week before lignocellulose was added (Bailey
et al. 2002). The incubation with lignin was maintained at
the same temperature (21°C) and moisture content (—0.03
MPa). '*C-labeled lignocellulose was added to soils from
each site such that the amount of C added as lignocel-
lulose approximated the amount of C that, when added as
glucose, stimulated the maximum respiratory response as
reported by Bailey et al. (2002). Therefore, the soils from
the semiarid shrub-steppe received 3 mg lignocellulose

g ! soil, the soils from the tallgrass prairie received 4 mg
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Table 1 Selected characteristics

- X Site Soil Total C Total N POM-C Texture pH F:B*
of the studied soils . . 9.
(mg g soil) (mg g soil) (mg g soil) gand % Clay % Silt %

Tallgrass prairie Ag  36.0 34 ND 21 35 44 5.6 0.85
R93 50.2 3.9 7.3 39 29 32 6.6 10.7°

R79 499 4.6 6.7 17 19 64 7.3 135
Douglas fir forest FC ~ 88.8 53 19.3 71 4 24 49 097
FN 1304 6.8 452 77 6 16 54 245
Shrub-steppe DL 8.5 0.8 1.9 41 17 42 6.9 1.64
DU 16.1 1.6 5.5 39 11 50 6.8 1.97
Palouse AT 244 2.0 52 23 22 54 6.2 2.61
POM-C Particulate organic AN  46.6 3.7 12.5 37 12 50 6.0 1.26
matter—carbon, ND no data Loblolly pine LC 183 0.6 6.0 63 17 20 51 1.09
pData from Bailey et al. (2002) LN 173 0.5 6.6 67 17 16 48 106

®Unpublished data

lignocellulose g~ ' soil, the soils from the Douglas fir forest
and the farm soils from Washington received 8 mg lig-
nocellulose g~ soil, and the soils from the loblolly pine
plantation received 2 mg lignocellulose g~ soil. Incubation
units were replicated to allow triplicate destructive analy-
sis of particulate organic matter C (POM-C) of each soil at
selected times (7 days, 2 months, 8 months) during the
incubation.

Prior to the tubes being sealed, a vial containing 1 ml of
1 M KOH was added to each tube to trap CO,. The traps
were replaced at days 1, 3, and 7, and thereafter approx-
imately weekly. A 0.25-ml aliquot from each collected trap
was added to 10 ml of Optifluor scintillation cocktail
(Packard Scientific, USA) and counted on a Packard Scin-
tillation System for "*C activity. The remaining 0.75 ml was
titrated according to the method described by Zibilske
(1994) to quantify total CO, evolved. The traps were only
counted for the first 193 days of the incubation. After that,
the activities evolved did not exceed background levels for
counting. Titrations were conducted on traps collected for
the duration of the incubation (230 days).

Particulate organic matter

POM-C and POM-'*C were determined on 3-g subsamples
from each replicate for each treatment. The soils were
weighed into small bottles and 9 ml of sodium hexame-
taphosphate (0.5%) were added. The bottles were sealed
and laid flat on a reciprocating shaker and agitated for 24 h.
The POM was collected by filtering the soil suspension
through a 53-pm screen positioned above a large funnel. A
spray bottle of distilled water was used to rinse all of the
non-POM (NPOM) material through the screen. The
NPOM fraction was collected in a preweighed collection
beaker under the funnel. As soon as the rinse water ran
clear into the NPOM collection beaker, the beaker was set
aside. The POM materials collected on the surface of the
sieve were then quantitatively rinsed with distilled water
into another preweighed beaker.

The beakers containing POM and NPOM were oven-
dried in a forced-air oven set to 70°C for several days until
a constant weight was reached, to calculate the size of
the POM and NPOM fractions. The dried fractions were
ground and 0.1-g subsamples were combusted at 900°C in
a stream of oxygen in an RJ Harvey Biological Oxidizer
(New Jersey, USA), and the resulting '*CO, was trapped
in the RJ Harvey Scintillation cocktail. The trapped '“CO,
was counted to determine the quantity of '*C in each
fraction.

Soil microbial biomass

Soil microbial biomass was measured using the chloroform
fumigation—extraction procedure (Vance et al. 1987) as
described by Voroney et al. (1993). Samples (3 g) of each
soil were divided into nonfumigated and fumigated sam-
ples, and the nonfumigated subsamples were immediately
extracted with 0.5 M K,SO,. The fumigated samples were
incubated overnight in an atmosphere of chloroform which
was then removed through several exchanges of air in the
incubation apparatus. After the complete removal of chlo-
roform, these samples were extracted with 0.5 M K,SO,.
The increased amount of '*C released by fumigation (e.g.,
fumigated C— nonfumigated C) is attributed to the lysis of
soil microbial biomass and reported here as the increased
flush of '*C.

Statistical analyses

All statistics were conducted in Systat 10 (SPSS, Inc.,
Chicago, IL). Means separation was done for all POM and
biomass data using a one-way ANOVA with Bonferroni
pairwise comparisons to detect significant differences.
Comparisons were conducted within sites, across all three
sampling times. Carbon dioxide evolution curves were
compared within sites using the General Linear Models
procedure with repeated measures analyses.



Results and discussion
Total "C respired

The specific activity of the CO, evolved is a way to assess
the degree to which the microbial community in a soil
metabolizes the newly added '*C relative to the endoge-
nous soil organic 'C. High specific activities reflect a
preferential exploitation of the new, labeled C, while lower
specific activities indicate an increased exploitation of the
endogenous C. In this study, these specific activities cor-
responded to the mineralization of 22-38% of the added
C from all soils. The prairie restoration chronosequence
soils mineralized 33% (Ag), 36% (R93), and 34% (R79) of
the applied '*C during the experiment (Fig. 1). The forest
soils mineralized 31% (FC), 26% (FN), 28% (LC), and
22% (LN) of the added '*C (Fig. 1). Finally, the shrub-
steppe and agricultural soils respired 32% (DL), 37% (DU),
32% (AT), and 38% (AN) (Fig. 1). These numbers are in
good agreement with the proportion of a model lignocellu-
lose compound (1,4-DHP) that was degraded by single
strains of white rot fungi in soil after 56 days: Pseudomo-
nas sordida respired 44%, Trametes versicolor (23%), and
pure cultures of Trametes hirsuta (30%) of the added
substrate (Tuomela et al. 2002).

We had hypothesized that one of the soils collected from
each location would be more likely to enhance C storage
than the other, based on its long-term management history.
Specifically, we speculated that the older restored prairie
(R79), the N-fertilized forest soils (FN and LN), the shrub-
steppe upper slope position (DU), and the no-till agri-
cultural soil (AN) would be likely to retain more added C
than the other same-site soil over the duration of the
incubation. What we observed was that soils that were not
predicted to favor C storage (DL, FC, Ag and R93; Fig. 1)
evolved CO, with a higher specific activity than soils
speculated to retain added C. This indicates that higher C
retention in the soils likely to retain C (R79, DU, AN,
FN, LN) is attributable to the greater metabolic efficiency
in incorporating added C into secondary metabolites and
SOM.

The addition of substrates (plant material or C com-
pounds) to soil may cause an increase or decrease in C
respired from native SOM, the so-called priming effect
(Jenkinson 1966; Sauerbeck 1966). Compounds such as
glucose can cause a negative priming effect (Bingeman
et al. 1953), but most plant material additions cause a pos-
itive priming effect (Sorensen 1963) likely due to microbial
stimulation and enzyme production. In this study, the soils
with the higher retention of added C had lower amounts of
primed "2C from native SOM. Thus the results discussed
above, that the soils predicted to store C had lower specific
activity of respired C, was not attributable to dilution by
primed SOM C, but was due to greater use efficiency.

The total CO, respired showed interesting differences
between ecosystems and treatments, which delineates the
complex interactions between microbial biomass and SOM.
For the grassland systems (Fig. 1a—c), the soils hypothe-
sized to retain more added C evolved the same or greater
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amounts of CO, than the soils thought to be less retentive.
In the case of the prairie soils (Ag, R93, R79), the greater
CO, respired by the R79 soil was not simply attributable to
higher SOM-C (Table 1), but was possibly confounded by
the increasing fungal to bacterial ratios (F:B) of 0.85, 10.7,
and 13.5 for Ag, R93, and R79, respectively, as reported
elsewhere for these soils (Bailey et al. 2002). However, for
the desert soils (Fig. 1b) with similar microbial biomass
concentrations, the twofold difference in total soil C prob-
ably did account for the difference in total CO, evolved. For
the tilled (AT) and no-tilled (AN) soils, there was less '*C
decomposition in the no-till soil but higher priming of
native SOM, thus showing equal amounts of total CO,
evolved. This similarity of CO, production occurs in spite
of the fact that the AN soil has twice the total soil C as the
AT soil; again, as with the prairie soil, there is a large
difference in the F:B ratios of these two soils.

The two forest soils showed opposite patterns of total
CO, evolved in the control versus the N fertilized soils
(Fig. 1d, e). The Douglas fir fertilized soil (FN) had sig-
nificantly greater total CO, production than the control soil
(FC) even though it decomposed less added '*C ligno-
cellulose. The explanation is complicated by the fact that
the FN soil has an F:B ratio of 2.45 compared to the FC F:B
ratio of 0.97, but there is also a large disparity in total soil C
(Table 1). In contrast, the N-fertilized loblolly pine plan-
tation soil (LN) respired less C than the corresponding non-
fertilized soil (LC) which can mostly be attributed to the
priming of SOM C, since both soils have a similar F:B ratio
of 1.1.

The soils identified as having a greater potential for C
sequestration had lower CO,-specific activity, but general-
ly higher total CO, than the comparison soils. The greater-
potential soils also had less primed '*CO, from the addition
of lignocellulose. These measurements point to the con-
clusion that community structure, such as the F:B ratio, in
the soil is important when comparing treatments, manage-
ment, and ecosystems, because the interaction of these
parameters can make simple comparisons invalid.

Particulate organic matter-C

All of the lignocellulose used in this study was ground
to >53 um and initially classified as POM-C. The *C
enrichment of the POM fraction decreases through the
duration of this experiment (Fig. 2) and accounted for 80—
90% loss after 7 days. This is a reasonable trajectory, as no
new '*C or POM was added through the experiment. It
does, however, indicate that there was little to no recycling
of freshly added C or its metabolites into the POM fraction.
The rapid loss can be expected from material that is ground
to less than 100 um. As suggested by the C dynamics in
Fig. 1, the soils speculated to store more C rapidly me-
tabolized C out of the POM fraction with little change over
time. Across all soils, 10-25% of the *C loss from the POM
fraction was evolved as "*CO,. The most dynamic C cy-
cling was seen in the AT and NT soils, where there was an
exponential decline in the '%C POM in the AT soil and faster
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Fig. 1 Specific activity (—) of CO, evolved during incubation.
Total CO, evolved during incubation (- - -). Soils from each site are
presented together. Within each site, specific activity curves differ
significantly from one another (P<0.05), except for the shrub-steppe

initial decomposition in the NT soil. This is consistent with
Fig. 1 and with the explanation of greater priming in the NT
soil. The size of the total POM-C fractions did not change
during the course of the experiment (data not shown).
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soils (DL, DU), for which no significant difference was detected.
Within each site, CO, evolution curves differ significantly from one
another (P<0.05), except for the agricultural soils (AN, AT) for
which no significant difference was detected

Soil microbial biomass

At the three time points analyzed, '*C enrichment of the
biomass never exceeded 3% of the amount of '*C applied
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Fig. 2 Enrlchment of the POM 35.0
fraction with *C at 7 days, 2 m7do2mom8mo
months, and 8 months during 30.0
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same letter are not significantly
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to a soil (Fig. 3), and confirmed what has been observed in
other studies concerning the degradation of complex ‘C
substrates (Bailey and McGill 2002). What is intriguing
is the stability of the newly added '*C in the microbial
biomass of some of the soils, particularly R79, DU, AT,
AN, and LC; the enrichment of the biomass does not change
significantly over the times measured (Fig. 3). The R79,
DU, and LC soils all respired more total C than their cor-
responding site-pair soil, and AT and AN resplred the same
amount of C. The low and consistent amount of **C in the
microbial biomass coupled with the evidence of greater
efficiency suggest that soils with more potential for C
storage are cycling the lignocellulose substrate into more
recalcitrant forms of SOM.

Predictors of C storage

We sought to identify predictors of the long-term fate of
this freshly added C from two perspectives. The first was to
take advantage of this diverse suite of soils and associate
the amount of C remaining in the soils after 8 months with
an easily measured soil characteristic. The second per-

Fig. 3 Enrichment of the soil 3.5

microbial biomass with *C at 7 m7d 02 mo

FC FN DL DU AT AN LC LN

Douglas fir Shrub steppe Agricultural Loblolly pine

spective was to examine the short-term C dynamics for
insights into the long-term C fate.

We attempted to relate a number of characteristics to
the amount of C remaining in the soils after 8 months of
incubation. Soil texture was strongly associated with C
remaining in the soils at all three dates (only day 7 and
month 8 are shown; Fig. 4). The '*C remaining in the soil at
8 months showed a strong positive association with the
amount of sand in the soil (P=0.006), whereas no s1gn1ﬁcant
relatlonshlp was detected between clay content and soil '“C.
It is interesting that the clay component, which is widely
regarded as being the most active soil texture component
with respect to stabilization and protection of soil C (Ladd
et al. 1996), had no significant relationship with C storage
at any time that we sampled—which is contrary to much of
the literature relating soil texture and C dynamics (Amato
and Ladd 1992; Franzluebbers and Arshad 1997).

The main body of literature would indicate that the
residual C added should correlate with clay content. How-
ever, Gregorich et al. (1991) (glucose), Sorensen et al.
(1996) (clover), and Saggar et al. (1996) (ryegrass) found
no relationship between residual C and clay content. The
conclusion of these studies was that clay had a far more

08 mo

days, 2 months, and 8 months
during the incubation. Bars
topped by the same letter are

not significantly different ? ko
(Bonferroni, P<0.05). Compar- § &
isons are only valid within sites < &
g9
E%
@ &

Ag R93 R79
Tallgrass prairie

AT AN
Agricultural

FC FN
Douglas fir

DL DU
Shrub steppe

LC LN
Loblolly pine



204

100.0
— Lq *LN
5 900 FN
"
£ Ag bL «FC
= R79% ;
g i
£ o 800 AT AN RO
£ 3
E T
e ™~ 70.0
(]
p y = 0.2005x + 75.951
2 6007 R=0.76
P =0.021*
500 T T T T
0.0 20.0 40.0 60.0 80.0 100.0
% sand
100.0
= FN $LN
3 900 : Le
£ FC Ag
DL »
2 » 800 - o4, R79 . .
_% E AN AT R93
§~ 700
QU
T 600 = -0.1886x + 88.26
ES R = -0.307
P =0.358
500 T T T
0.0 10.0 20.0 30.0 40.0
% clay

100.0
y = 0.1528x + 61.226
= R=0.68
& 9007 P = 0.006*
£
D 0
80.0
- *LN
@ O
EE 500 DL LG FN
o R797 9 AT *
o ,+DU FC
2 60.0 - AN R93
50.0 T T T T
0.0 20.0 40.0 60.0 80.0 100.0
% sand
100.0
y =-0.1161x + 70.13
= R =-0.220
H 90.0 4 P =0515
£
o n i
IE £ 80.0 "N
© O * LC.
§ £ 700 FC.FN\\MQ
S DY , DL Rro .
e 6001 AN R93
50.0 ; ; .
0.0 10.0 20.0 30.0 40.0
% clay

Fig. 4 Prediction of C storage at 7 days and 8 months using soil clay and sand contents

stabilizing effect on microbial biomass C rather than non-
biomass residual C. In addition, Ladd et al. (1992) found
that the decay of microbial biomass '*C was 2-3 times
faster in a sandy loam soil compared to a clay soil, but that
the nonbiomass C decayed only 1-1.2 times faster in the
sandy loam soil; similar results are discussed in Ladd et al.
(1996). A difficulty in these studies is the use of soluble to
very soluble substrates such as glucose and plant material
that contains water-soluble compounds. In a comparable
study, Stott et al. (1983) found similar residual lignin
residues in soils of 9 and 20% clay contents incubated for 6
to 12 months.

In this study the incubation conditions of all soils were
the same and we suggest that the substrate and its proximity
to decomposer populations is the reason for more residual
'4C in the sandy soils. The rapid mineralization of lignin in
the finer textured soils was followed by diffusion of de-
composition products throughout the soil matrix enhancing
secondary mineralization. This process was retarded in the
sandier soils due to microbial population distribution and
diffusional constraints. The four soils from the two forest
sites (LC, LN, FC, FN) had the highest sand contents, and
these four soils retained the greatest portion of the '*C
applied in the soil matrix after 8 months of incubation. For
the ecosystems included in this study, the soil clay contents
ranged from 4 to 35%.

We also found a strong (R=0.94), significant (P<0.001)
positive relationship between the short-term retention of

C (7 days) and the long-term storage of C at 8 months
(Fig. 5). This is encouraging, because it indicates that
short-term metabolic rates are predictive of long-term rates
for complex substrates such as lignocellulose. This rela-
tionship would not, perhaps, be true for simpler substrates
such as glucose, for which metabolism is rapid, and once
complete, the ensuing '*C dynamics are predicated on the
more complex forms of assimilated '*C, causing later dy-
namics to be much slower.
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Fig. 5 Prediction of longer-term storage of new C (8 months) using
short-term (7 days) storage of newly added C



Conclusions

All of the soil-site pairs we studied showed a marked dif-
ference in either, or both, the total amount of C mineralized
over 8 months, or in the specific activity of the evolved
CO; in the first 2 months. These differences clearly in-
dicate that the soils of these pairs are differentially using
either endogenous soil C or the freshly added C. The soils
that rapidly metabolized freshly added C exploited endog-
enous and newly transformed C to a lesser degree over the
course of the incubation. These also tended to be the soils
that had been hypothesized to not favor C storage, and in
fact, had lower amounts of soil C compared to their con-
trasting paired soil from the same site. The microbial com-
munities of these soils may be less able to metabolize the
recalcitrant endogenous C remaining in the soil, whereas
those communities in the richer soils at the same site may
be more diverse or competent to use the native C following
stimulation of the biomass by the freshly added C.

We identified two possible predictors of longer-term C
storage. Soil sand content was correlated with the amount
of freshly added C remaining in the soils after 8 months.
The short-term mineralization of lignocellulose C (mea-
sured as C remaining in the soil) was also found to be
predictive of the longer-term storage of C, after 8 months.
Both of these predictors may be valuable tools in C man-
agement systems. Predicting 8-month C storage with the 7-
day metric was a strong, significant function; however, the
association of sand with C storage is a rapid assessment
that can be made based on standard soil characterization
analyses.
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