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Soil carbon pools in central Texas: Prairies,
restored grasslands, and croplands

K.MN. Potter and ).D. Derner
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ABSTRACT: E 8 g soils has been suggested as a
means to improve soil quality and sequester carbon in the soil. Particulate organic carbon may
be an important component in the increased soil carbon content. We measured particulate
organic carbon [defined as organic carbon in the 53 to 2000 ym (0.002 to 0.08 in) size fraction]
and mineral associated organic carbon (defined as the less than 53 pm (0.002 in) size fraction) at
three locations in central Texas. Each location had a never-tilled native grassland site, a long-
term agricultural site and a restored land on a previously tilled site. Organic carbon pool
sizes varied in the surface 4o em (16 in) of native land, 1 i lands and agricultural
solls. The native grasslands contained the largest amounts of total organic carbon, while the
restored grasslands and agricultural soils contained similar amounts of total organic carbon.
Both particulate organic carbon and mineral associated carbon pools were reduced beyond the
depth of tillage in the restored grass and agricultural soils compared to the native grassland
soils. The restored grassland soils had a larger particulate organic carbon content than the
agricultural soils, but the increase in particulate organic carbon was limited to the surface 5 cm
(2 in) of soil. Trends in particulate organic carbon accumulation over time from nine to 30 years
were not significant in this study.

Keywords: Particulate organic carbon (POC), native grassland, soil quality, mineral associated
carbon (MAC), total organic carbon (TOC)

Soil organic matter is a heterogeneous
mixture of organic substances that has an
Iimportant role in determining soil produc-
tivity. For modeling purposes, it has been
beneficial to separate soil organic matter into
separate pools that have different functions
and degradation rates in the soil. However,in
practice, it has been difficult to separate soil
organic matter into pools similar to the con-
ceptual pools proposed by the modeling
e« ity Techniq ! ped to solate
soil organic matter pook include chemical, den-
siometry, and size fractionation methods.
Cambardella and Elliott (1992) developed a
technique based upon size fractiomation that
isolates the organic size fraction berween
52 to 2000 pm (0.002 to 0.08 i), which they
called particulate organic marter. The particu-
late organic matter pool has been related to
nutrient mineralization (N, Parry et al., 2000;
and P, Salas et al., 2003), vegetation type (forest,
Barrios et al., 1997; and crop, Bremer et al,
1995), soil carbon content under various tllage

practices (Needelman et al., 1999; Wander and
Bidart, 2000), and soil quality changes
(Franzluebbers and Arshad, 1997; Wander et al,,
1998; Chan, 1997).

The particulate organic matter fraction, of
which the carbon content is referred to as
the particulate organic carbon, appears to be
more sensitive to changes in management
practices than total organic  carbon
(Cambardella and Elliott, 1992; Needelman et
al., 1999; Wander and Bidart, 2000; Bowman
et al., 1999). Particulate organic carbon
content often changes more rapidly than the
total organic carbon content with a change in
management. This difference may be a result
of differential decomposition rates under
various management and climatic conditions
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(Hassink, 1995; Alvarez and Alvarez, 2000),
which would agree well with the mechanism
proposed in several simulation models. Chan
(1997) i that for an A lian Vertisol,
soil organic matter decreased when convert-
ing from pasture to cropping, with 70 percent
of the loss of organic carbon coming from
the particulate organic carbon. Particulate
organic carbon may also be an indictor of
improving soil quality. Bowman et al. (1999)
and Needelman et al. (1999) found in studies
where of ¢ i “, tilled
soil was converted to no-tillage, particulate
organic carbon content in no-till increased
twice as quickly as totl organic carbon
content increased.

The depth of particulate organic carbon
accumulation has been reported as being
limited to the surface 5 cm (2 in) in tillage
related research (Franzluebbers and Arshad,
1996; Wander et al., 1998; Needelman et al.,
1999) and is often related to a decrease in
particulate organic matter at depths of 5 to
15 am (2 to 6 in) (Needelman et al., 1999
Wander et al, 1998). This is similar o
reported changes in soil organic matter with
depth occurrmg with the change from
c | tillage practices to no-tillage in
Texas (Potter et al., 1998). However, Potter et
al. (1999) found that with reestablishment of
grass on previously tilled soils, the depth of
organic carbon sequestration was as deep as
60 em (24 in) after 60 years of continuous
management. Potter et al. (1999) did not
separate the organic carbon into separate
pools in this eardier study. Therefore, the
purpose of this study was to determine if par-
ticulate organic carbon increased in degraded
soils with gras reestablishment and, if so, to
what depth in the soil profile.

Methods and Materials

We collected soils samples from three areas
located in Central and North Texas located
near Temple, Riesel, and Commerce, Texas.
Each area had a native grassland site, a
longterm cultivated site, and at least one site
that had previously been tilled for an exten-
sive period of time and then returned to
mtive grases (restored gras) (Polley ct il

cent slope as this is where the restored prairies
were located. This had the added bcncﬁt,

for particulate organic carbon analysis was
dispersed with 150 ml of 5-g L sodium hexa-
hosphate and shaken for 18 hours on a

when combined with the grass vegy of
reducing the potential impact of erosion on
the soil properties.

The soils at all locations were Vertisols sim-
ilar to Houston Black (Udic Pellusterts) soil.
Mean annual precipitation is 878 mm (35 in)
at Temple, 908 mm (36 in) at Riesel, and 1042
mm (41 in) at Commerce. The native grass
sites have never been tilled, in contrast with
the longterm cultivation sites, which have
been in nearly constant agricultural produc-
tion for 120 years or more. The restored
grass sites had been previously in agricultural
production for more than 75 years before
being restored to native grss at some point in
time. The restored grass site at Temple had
been in grass for 30 years. At Riesel two sites
were sampled, one with nine years of gras
and the other with 17 vears of grass. The
Commerce restored grass site had been in

reciprocal shaker. The dispersed soil samples
were passed through a 500-pm (0.02 in) sieve
and then through a 53-pun (0.002 in) sieve and
rinsed thoroughly with water untl the rinsate
was clear. The material retained on the sieves
was backwashed into small aluminum pans and
dried at 70°C for (158'F) 24 hours. The
(silt-+clay) material which passed through the
53-um sieve was dried at 70°C (158°F) for
48 hours. The longer time was needed to
evaporate the water accumulated during
rinsing, The weight of each dried sample was
recorded to three decimal plices. The dried
whle soil and {silt+clay) fracion samples were
ground in a ball mill to pass through a 250-pm
(0.01 in) sieve and then stored at mom tem-
pmmmmglnbodcsﬂnmpleahquo:

place for 10 years. Size of the d and
native gras sites were (0.5 ha (1 ac; 9-year),
0.8 ha (2 ac; 17-year) and 1.6 ha (4 ac; native)
at Riesel, 9.8 and 4.6 ha (24 and 11 ac) at
Temple,and 10.8 and 21 ha (27 and 52 ac) at
Commerce, respectively. Most of lhe land
surrounding the prairies is culer

(app ly 1 g) was analyzed for organic
carbon weth a Leco CR412 Carbon
Determm (Leco Corp, Augusta, Georgia)

using the combustion method of Chichester
and Chaison, (1992). While carbonates were
present in the soils, this method of analysis
differentiates between organic and inorganic
n:admnbybunungth:nrpmc carbon at a
that leaves the 1 murg.\mc carbon

Soil cores were taken to a depth greater
than 40 cm (16 in) with a hydraulically driven
7.6-cm (3 in) diameter steel coring tube with
an acetate liner. Cores were obtained every
20 m (65 ft) along a transect, for a total of six
cores persite. The cores were frozen until we
could section and process the individual
samples. Cores were divided into sections of
0to 5,5 to 10, 10 to 15, 15 to 20, 20 to 30,
and 0 to40eam (0to 2,210 4,410 6,6 0
8,8 to 12,and 12 to 16 in) depth. Individual
core  seg were 1 with a
micrometer to determine true length, and total
segment wet weight determined. A subsa

:ehuvcly intact. Particulate organic carbon
was calculated as the difference between total
soil organic matter and the (silt+clay)—min-
enl associated organic carbon (Cambardella
and Elliott, 1992). The data were statistically
analyzed using a one-way analysis of varance
and Least Significant Differences to deter-
mine differences between means,

Results and Discussion

Total organic carbon, particulate organic
carbon, and mineral associated organic carbon
distribution in the surface 40 cm (16 in) of
native g d, agricultural, and restored

ple of the core segment was weighed, oven
dried at 105°C (221°F) for 48 hours, and the
dry weight determined to calculate the seg-
ment water content. The segment water con-
tent, segment volume and bulk weight were
wsed to determine the segment bulk density.
The remainder of the segment was gently

bled through a 2 mm (0.08 in)

2005). Ar each site, prairie was
applying ‘seed-hay' collected from the rem-
nant prairie to a previoudy cultivated field.

sieve and air-dried. Plant stem and mot
wete picked from the soil segment.

Prairies at each site were managed similardy
(hayed or burned), but were not grazed by
domestic livestock. Sample transects were
located on upland areas with about one per-

Thm:y— and 10-g (0.066 and 0.022 Ib)
amples were removed from each core seg-
ment for particulate organic carbon and soil
organic carbon analysis, respectively. The soil

grassland soils are presented in Figure 1. The
native grasshind total organic carbon concen-
tration near the surface ranged from 3.97 to
5.63 percent with a decrease in concentration
with depth. The agricultural soil in contrast
has a nearly constant torl organic carbon
concentration from the surface to depth of
sampling, in this case 40 cm (16 in).
Particulate organic carbon distribution was
similar to the total organic carbon distribu-
tion in the native grasdand soils. In the agni-
cultural soils, particulate organic carbon was
reduced the most near the surface, although
reductions occurred throughout the profile to
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Figure 1

Total organic carbon, particulate organic carbon (POC), and mineral associated organic carbon distribution for three native grasslands, restored

grasslands, and agricultural soils in Texas.
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contined 13.7 to 184t C ha' (bl to 820 C
ac Yin the surface 5 am (2 in), while the agri-
cultural soils ranged from 7.3 to 8.6 ¢ C ha '(3.3
to 3.6t Cac')in the surface 5 cm (2in). There
particulate organic carbon concentrations  was a 40 to 60 percent reduction in total organ-
were similar to those of the agricultural soils.  ic cartbon in the agricultural soils compared to
Mineral associated organic  carbon  was  the naove grsdand soils. The agricultural 5 w
reduced throughout the soil profile in both 40 an (2 w 16 in) soil carbon content was akso
the restored grassind and the agriculural  reduced, containing 40 o 70 percent as much
soils, and retained the same relative distribu-  carbon as the native grashinds.
tion throughout the profile, Particulate organic carhon comprised 35 to
At all three sites, significandy different 44 percent of the total organic carbon in the
amounts of total organic carbon were found  surface 5 am (2 in) of the native grasdand
among the soils with different management  sites, but only 20 to 24 percent of the roml
histories (Table 1). The native grasland soils  organic carbon content of the culivated sites

the 40 cm (16 in) depth. Particulate organic
carbon concentration in the restored grass-
lands had an increase in the surfice 5 cm
(2 in) of the profile. Below 5 cm (2 in), the
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(Table 1), Particulate organic carbon content
in the mative grassland soils, as a fraction of the
total organic carbon, decreased rapidly with
depth manging from 24 to 30 percent of the
total organic carbon in the 5 to 10 cm (2 to
4 in) depth increment. Particulate organic

catbon as a fraction of total onganic carbon
stayed about the same in the agricultural soils
inthe 5 to 10 cm (2 to 4 in) depth increment,
ranging from 21 to 28 percent. Particulate
organic carbon comprised 15 to 18 percent of
total organic carbon in the 10 to 40 an (4 to
16 in) depth increment in the natve grassdand
soils and 7 to 16 percent of total organic
carbon found in the agricultural soils. As the



[ Table 1. Total organic carbon (TOC), particulate organic carbon (POC), and mineral associated organic carbon (MAC) for three depth ‘
increments

| 0-5 0-5 0-5 5-10 5-10 5-10 10-40 10-40 10- 40
(em) (em) (em) (em) (em) (em) (em) {em) (ecm)
ToC POC MAC ToC POC ToC POC MAC
| tC ha' |
: Temple |
Native grass 13.7°A 4.80 8.9A 13.5A 328 10.3A 63.6A 10.7A 52.9A |
| Restored grass 9.88 3.98 5.98 8,38 218 6.1C 37.98 498 34.88
Agricultural 8.38 2.08 6.38 8.98 1.98 748 44,78 5.9AB 3s8e |
Colarsn i
Native grass 18.4A 7.6A 10.7A 16.3A 4.6A 11.7A 71.4A 13.3A 58.1A
Restored grass 11.6B 418 7.5A 848 1.78 6.78 52.0A 7.1B 44.9A |
Agricultural 7.3C 1.7¢ 5.68 6.4B 1.88 468 25.08B 488 24.2B
| Riesel |
| Mative grass 17.6A 7.8A 9.8A 17.3A 5.2A 12.0A 73.3A 11.3A 6194 |
Restored 1747 grass  11.7B 448 7.58 9.88 2.78 7.0B 40.2B 4,08 36.26C
Restored 947 grass 9.4c 3.48 5.9C 838 1.6B 6.68 35.1B 4.78 30.5C
Agricultural 8.6C 1.7C 6.5BC 8.48 1.98 6.48 43.58 3.28 40.38

| * Mean (n = 6), and LSD. For a column within a site, different letters Imply significant differences (P = 0.10).

amount of carbon was significandy reduced
in the agricultural soils relative to the paired
native grasslaind, this represents a decrease in
the amount of particulate organic carbon
present in the agricultural soils,

Minenal associated orgamic carbon was also
reduced in the agriculturl sitss compared to
the native grassdand soils, with 70, 52, and
66 percent as much minenl associated carbon
in the swfice 5 an (2 in) at the Temple,
Commerce, and Riesel sites, respectively. At
deeper depths minenl asociated  organic
carbon was reduced compared to the paired
native grasslands. However, a5 a fraction of the
total organic carbon present with a given pro-
file, mineral associated organic  carbon
increased in the agricultural soils as the amount
of particulate onganic carbon decreased.

The soils which had been previously tilled
and then seeded to grases, did not always
retain more carbon in the surface 40 cm
(161 in) of the profile than the agriculoural soils
which were under cultivation (Fgure 1), The
total soil profile carbon contents were similar
between the restored grass and agricultural
soils at two of the three sites, but the restored
grass soil had much higher total organic car-
bon than the agricultural soil at the
Comunerce location. In the surface 5 cm (2
i), total organic carbon was similar i the
agricultural and restored grass sves at the
Temple and Riesel-nine year sites. Total
organic carbon was greater in the surface 5 em
(2 i) of the Commerce and Riesel-17 year
restored grass sites than in the agriculoural sites.

The particulate organic carbon content
was significantly altered by conversion to
grass. The restored grass soils contained
significantly more particulate organic carbon
in the surface 5 em (2 in) than the agricul-
tural soils at the Temple and Riesel-9 and
Riesel-17 year grassland sites. The mean par-
ticulate organic carbon content was greater in
the surface 5 em (2 i) of the Temple restored
grass site compared to the agricultural site,
but differences were not statistically signifi-
cant. At the Riesel-17 year grassland and the
Commerce grasdand sites in which total
organic carbon was significantly increased, the
restored grass soil contained 80 and 68 per-
cent more particulate organic catbon than the
agricultural soils, respectively. Interestingly,
the particulate organic carbon  increased
regardless of the effect on torl organic car-
bon, although the larger increases in particu-
late organic carbon did occur in sites that
ncreased in totl organic carbon content.
Particulate organic carbon content was simi-
lar in the restored grass and agricultural sites
at the 5 to 10 cm (2 to 4 in) depth increment.
The particulate organic carbon content in the
10 to 400 em (4 to 16 in) depth increment of
the restored grass soils ranged from 94 to 143
percent of that occurring in the agriculoml
soils, Regresion analysis relating particulate
organic carbon content to length of time in
grass was not significant.

The mative grasland and agricultural soil
total organic carbon profiles are typical of
those found in Vertisols in central Texas

(Potter et al., 1998). Loss of carbon in the
surface layers of soil is common with conven-
tional wllage practices (Poer et al., 1998).
Often the explanation is given that mixing
the surface layers has diluted the organic
carbon concentmted in the surface layers with
soil from deeper in the profile that has a lower
carbon concentration. However, in this study
the organic carbon content was also reduced
in the lower portions of the profile below
tillage depth.

Cultivation reduced the size of both
the particulate organic carbon and mineral
associated carbon pools, but the particulate
organic carbon pool was reduced more than
the mineral associated carbon pool, especially
near the sorfice. A growing body of evi-
dence indicates that much of the particulate
organic carbon s retained in the anaerobic
portion  of larger  soil  aggregates
(Franzluebbers and Arshad, 1996; Aoyumna et
al,, 199% Wander and Bidart, 20000). With
tillage the aggregates are distupted and the
particulate organic carbon exposed to acrobic
conditions, leading 1o oxidation of the arganic
carbon. As the partculate organic carbon
decomposed, it enters the mineral associated
organic carbon pool. This, combined with
the slower degradation rate of the mineral
associated carbon (Franzluebbers and Arshad,
1997; Alvarez and Alvarez, 2000), may be
why the particulate organic carbon was more
impacted by tillage than the mineral associated
organic carbon pool,

Changes in particulate organic carbon can

[ gecase
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happen quite rapidly initially after tillage but
also continue at a dower rate for long
periods of time. Chan (1997) reported that
particulate organic carbon was lost more
rapidly than other carbon fractions when
pasture was converted to cropping. The
fastest change in particulate organic carbon
occurred within the first four years with sub-
sequent losses occurring at a slower rate.
One of the soils in a study reported by Chan
(1997) was a Vertisol with similar clay content
as the soils in the current study. After 50
years of conventional tillage and burning of
the stubble in the Australian study, the pamc

ulate organic carbon (POC) concentration in
the soil was 42 percent of the total organic
carbon concentration in the surfice 10 cm
(4 in). This is similar to the Temple agricul-
tural site (49 percent POC) but more than

Arshad, 1996;Wander et al., 1998; Needelman
et al., 1999). The particulate organic carbon
accumulation is thought to be derived
from recent root and residue additions.
Cambardella and Elliott (1992) found partic-
ulate organic carbon from a grassland-derived
agricultural soil planted to winter wheat rota-
tions was composed mostly of root fragments,
with a large portion derived from plant mate-
rial added within the past 20 years. Chan
(1997) found that 75 percent of the soil
carbon increase four years after converting
from cropping to pasture was in the particu-
late organic carbon size fraction. The rapid
increase in particulate organic carbon and the
relatively young age of carbon mpuummm

Barrios, E., E Kwesiga, R.J. Buresh, and ]I, Sprent. 1957,
Light fraction soil organic matter and availible nitmgen
Jourmal 61:826-831,

Bremer. E., B.H. Ellers, and H.H. Janzen. 1995. Total and
light-fraction carbon dynamics during four decades
after cropping changes. Soil Science Society Amenca
Journal 59:1398-1403.

Bowman, RLA., M.EVigil, DC. Nieben, and R.L. Andenon.
1999, Soil arganic matter changes in intensively cropped
63186-191.

Cambardelb, CA. and ET. Elliott. 1992. Pamiculate organic
matter changes seross 3 grslind cultvation sequence.
Soil Science Society America Journal 56:777-783.

Chan, K.Y. 1997, Consequences of changes in particulate
organic catbon in Vertisols under pasture and cropping.
Soil Science Society America Journal 61:1376-1382.

Chichester, FW. and R_E Chavon, Jr. 1992, Amlyis of
cuhun in caleareous soils using 3 ¥ w&y

that particulate organic carbon ac
in soil may apprmach a new plateau level
rcl.auvely qtur.kly This may explain why

that found in the Riesel and C ¢ agri-
cultural sites (28 percent POC). For several
other Australian soils, after many years of
intensive cultivation, the particulate organic
carbon pool mnged from 42 to 74 percent of
the total organic carbon in the surface 10 cm
(4 in) (Dalal and Chan, 2001). In the current
study, particulate organic carbon was also
reduced in the 10 to 40 cm (4 to 16 in) depth
increment in the agricultural sites with 28 o
55 percent as much particulate organic car-
bon as was found in the native grassland sites.

ysis of particulate organic
mrbuncnmrd:uwmmw—m—gnssm

not significant in this study.

Summary and Conclusion
Organic carbon pool sizes varied in the
surface 40 cm (16 in) of native grassland,
restored grasslands and agricultural soils. The
mative grsslands contained the largest
of total ic carbon, while the
nestmtd gmsbnds “and agricultural soils
@ d similar of total organic

Thenﬁnenimchnedorguﬁccarb()n
poolw:s luced in the cropland soils and

carbon. Both particulate organic carbon and
ineral associated organic carbon pools were

dand soils ¢ 1 to the native
gnashnd‘mh. 'I'hel!umralmwdurgnn-
wmbonpoolw:lsosn:llermr.hemnd

reduced in the restored grass and agricultural
soils compared to the native grassland soils,
even bcyond the depth of tillage. The

ds compared to the cropland soils. It

that the minerl asociated orgar
arbon pool was originally depleted by many
yearsofcu]wanonmndmupmdmﬂaggm—
gates and increased organic carbon oxidation.
When the soils were returned to grass, and
without the disturbance of tllage, a portion
of the added carbon was retained as particu-
late organic carbon instead of quickly decom-
posing into mineral associated organic carbon
sized material.

The particulate organic carbon pools in
restored grasslands were smaller than that of
the native grassland soil, even after 30 years
without tillage. Particulate organic carbon
was greater in the restored grasslands than in
the cropland sites. Most of the particulate
organic carbon accumulation after restoring
grass is in the surface 5 cm (2 in). This i sim-
ilar to the particulate organic carbon increases
reported in other studies (Franduebbers and
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grassland soils had a larger particulate
organic carbon content than the agricultural
soils, but the increase in particulate organic
carbon was limited to the surface 5 cm (2 in)
of soil. Trends in particulate organic carbon
accumulation over time from nine to 30 years
were not significant in this study.
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