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Carbon and Nitrogen Pools of Southern High Plains Cropland and Grassland Soils

Kevin F. Bronson,* Ted M. Zobeck, Teresita T. Chua, Veronica Acosta-Martinez,
R. Scott van Pelt, and J. D. Booker

ABSTRACT

Soil C and N have long been recognized as important indicators
of soil productivity. The current low levels of soil C and N of cropland
soils have led to interest in sequestering C with reduced tillage crop-
ping systems and the Conservation Reserve Program (CRP). Our
objective was to assess agroecosystem effects on soil C and N pools in
the Southern High Plains. The agroecosystems included three cotton
(Gossypium hirsutum L.) cropping systems, CRP land, and native
rangeland (NR). We sampled 0- to 5-, 5- to 10-, 10- to 15-, and 15-
to 30-cm soil depths at 12 farm sites in five counties in West Texas.
Total soil C and N, particulate organic matter (POM) C and N, natural
abundance of carbon-13 isotope (5°C) of POM and of whole soil,
potentially mineralizable C and N, water-extractable carbon (WEC),
and extractable ammonium (NH;) and nitrate (NO;) were deter-
mined. Total C and N in the 0- to 30-cm soil profile were 34 Mg C
ha ' and 2.5 Mg N ha! for NR, and 23 Mg C ha ' and 1.9 Mg N
ha ! for cropland systems, respectively. Total soil C and N in CRP
land were greater in cropland soils only in the 0- to 5-cm layer, and
were 24 Mg C ha ! and 2.1 Mg N ha !in 0 to 30 cm. Labile C and
N pools were positively correlated with each other and with total soil
C and N. Low soil test P may have limited C and N sequestration in
CRP land and NR. Improved management practices are needed to
sequester C and N in CRP and conservation-tillage cotton systems
in the Southern High Plains.

NTEREST IN sequestering C in cropland soils with re-

duced tillage (Bauer and Black, 1981; Lamb et al.,
1985; Salinas-Garcia et al., 1997; Halvorson et al., 2002;
Zibilske et al., 2002), by increasing cropping intensity
(Bowman et al., 1999; Halvorson et al., 2002; Ortega et
al., 2002), and/or use of N inputs (Potter et al., 1997,
Salinas-Garcia et al., 1997; Halvorson et al., 2002) has
been increasing in North America and worldwide. The
Food Security Act of 1985 authorized the voluntary
CRP to provide cover to sensitive lands to control soil
erosion, protect water quality, and to provide wildlife
habitat (Council for Agricultural Science and Technol-
ogy, 1990). The CRP land and native rangelands have
likewise been subjects of C sequestration research in
the last decade (Woods and Schuman, 1988; DelLuca
and Keeney, 1994; Gebhart et al., 1994; Zobeck et al.,
1995; Huggins et al., 1997; Staben et al., 1997; Reeder
et al., 1998; Follett et al., 2001). Many of these C seques-
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tration studies also examined total soil N (Bauer and
Black, 1981; Lamb et al., 1985; Follett and Schimel, 1989;
Unger, 1991; Staben et al., 1997; Reeder et al., 1998;
Ortega et al., 2002; Zibilske et al., 2002), labile soil C
pools (Follett and Schimel, 1989; Huggins et al., 1997;
Reeder et al., 1998; Zibilske et al., 2002), or labile N
pools (Follett and Schimel, 1989; Doran et al., 1998;
Reeder et al., 1998).

Nitrogen has been recognized as playing an important
role in C sequestration in CRP land (Robles and Burke,
1997; Reeder et al., 1998) because legumes or N fertilizer
additions can minimize N limitations, resulting in faster
recovery of soil C levels. Nitrogen mineralization has
been reported to be positively related to soil C levels
in grassland and cropland soils (Follett and Schimel,
1989; Salinas-Garcia et al., 1997; Doran et al., 1998).
Franzluebbers et al. (1996) and Haney et al. (2001) have
recently suggested that potential C mineralization mea-
sured by 24-h incubation at —0.03 MPa can estimate
potential N mineralization, and possibly serve as a N
soil test. Doran et al. (1998) stated that most of the
differences in microbial biomass and potential N min-
eralization between no-till and tilled soils were in the
0- to 7.5-cm surface soil. However, the stratification of
soil C in the upper layer of no-till systems can also result
in enhanced immobilization of N (Doran et al., 1998;
Zibilske et al., 2002). Bronson et al. (2001) reported that
greater N fertilizer requirement in terminated-wheat
conservation tillage compared with conventional tillage
was likely due to immobilization of N in wheat residue.
Other researchers have reported net immobilization of
N in soils in the year CRP land is converted to other
uses (Dao et al., 2002).

Carbon and N pools or fractions in soil are important
to study to understand the processes of soil C sequestra-
tion. Particulate organic matter is plant material in vari-
ous stages of decomposition that represents active C
and N fractions of soil (Cambardella and Elliott, 1992;
Cambardella, 1998; Wander and Bidhart, 2000). Native
prairie and CRP land have significant fractions of total
soil C as POM-C and total soil N as POM-N (Cambar-
della and Elliott, 1992; Huggins et al., 1997). The POM-C
can be greater in the 0- to 5-cm layer of no-tillage soils
than in plowed soils (Hussain et al., 1999; Wander and
Bidhart, 2000). Below 5 cm, POM-C levels are often
similar. The role of POM in N cycling in soils is notable,
as potentially mineralizable N has been correlated with
POM-N (Wander and Bidhart, 2000) or POM-C (Chan
etal., 2002). Laboratory studies have shown that macro-
organic matter or POM additions to soil can result in

Abbreviations: 3°C, natural abundance of carbon-13 isotope; CRP,
Conservation Reserve Program; NR, native rangeland; NRCS, Natu-
ral Resource Conservation Service; POM, particulate organic matter;
WEC, water-extractable carbon.
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N immobilization (Whalen et al., 2000) or in slight in-
creases in N mineralization (Yakovchenko et al., 1998).
The sources of plant C (C; or C, photosynthetic path-
way) that make up POM-C can be determined with *C
natural abundance techniques (Cambardella and Elliott,
1992; Six et al., 1998; Garten and Wullschleger, 2000).
Warm-season grasses of the Southern High Plains are
dominated by C, photosynthetic pathways, while the
dominant row crop of the region is cotton, which is C;
(Kelly et al., 1991; Follett et al., 1997; Boutton et al.,
1998). Therefore, it should be possible to quantify the
amount of soil C derived from cotton cropping in South-
ern High Plains soils that have soil C derived mostly
from C, native grasses.

Data on soil C and N pools are lacking for the com-
mon agroecosystems of Southern High Plains. The CRP
land and rangeland occupy 0.84 and 3.8 million ha, re-
spectively in the Southern High Plains of New Mexico
and Texas (USDA Economic Research Service, 1996).
The economically most important cropping systems in
the Southern High Plains are dryland and irrigated cot-
ton systems, which are planted to about 1.3 million annu-
ally (USDA Economic Research Service, 1996). Conser-
vation tillage cotton with a chemically terminated winter
wheat (Triticum aestivum L.) cover crop is a growing
practice that allows producers to meet conservation
compliance. Both conservation tillage systems and CRP
lands have potential to sequester soil C in West Texas.
The objective of this study was to determine the effect
of cotton, CRP, and native range (NR) agroecosystems
on soil C and N pools in the Southern High Plains of
West Texas.

MATERIALS AND METHODS
Soil Sampling and Site Descriptions

Soil cores were collected in fall of 2000 and spring 2001 from
Crosby, Cochran, Hockley, Howard, and Lubbock counties in
the Southern High Plains of West Texas. Five agroecosystems
were sampled: conventional tillage irrigated cotton (noted as
“irrigated cotton” from here on), conventional tillage dryland
cotton (noted as “dryland cotton” from here on), conservation
tillage irrigated cotton, CRP, and NR.

In irrigated, conservation-tilled sites, cotton was planted
into rye (Secale cereale L.) or wheat winter cover crops that
were terminated chemically with glyphosate [isoprophylamine
salt of N-(phosphomonomethyl) glycine] application. We shall
refer to the conservation tillage cotton sites as “terminated-
wheat cotton.” The CRP sites were in place from 1985 to 1991,
with the average inception date being 1989.

The main species in CRP sites were Blue grama (Bouteloua
gracilis, C,), Old World Bluestem, [Bothriochloa ischaemum
(L.) Keng, C,], sand dropseed [Sporobolus cryptandrus (Torr.)
A. Gray, C,], sideoats grama [ Bouteloua curtipendula (Michx.)
Torr., C,], silverleaf nightshade (Solanum elaeagnifolium Cav.,
C;), and weeping lovegrass [ Eragrostis curvula (Schrad.) Nees,
C,]. Native rangeland was dominated by blue grama, sand
dropseed, sideoats grama, silverleaf nightshade, yucca (Yucca
spp.), and honey mesquite (Prosopis glandulosa Torr., C;).

Farm sites were selected, with the help of USDA-Natural
Resource Conservation Service (USDA-NRCS) personnel,
that had two, three, or four of the systems of interest within
the same soil series as mapped by the USDA-NRCS. The soil

series sampled included Amarillo sandy loam (fine-loamy,
mixed, superactive, thermic Aridic Paleustalfs) at six sites,
Acuff sandy clay loam (fine-loamy, mixed, superactive, ther-
mic Aridic Paleustolls) at two sites, Olton clay loam (fine,
mixed, superactive, thermic Aridic Paleustolls) at three sites,
and Patricia loamy sand (fine-loamy, mixed, superactive, ther-
mic Aridic Paleustalfs) at one site. Two, five, two, one, and
two sites were chosen in Cochran, Crosby, Hockley, Howard,
and Lubbock counties, respectively (Fig. 1). Twenty-eight sys-
tem-site combinations were sampled. Sites with surface soil
layers that tested positive for calcium carbonate (CaCOs) in
the presence of 1 M HCl were avoided to restrict soil C analysis
to organic C only.

The number of sites (replicates) sampled within each system
ranged from four to six. Within each system-site combination,
three sets of five 30-cm-deep, 4.5-cm-diam. cores were sampled
with a Giddings soil sampling machine (Giddings Machine
Co., Fort Collins, Co). The sets, or subsamples, of three were
separated by <100 m, and the sets of five were all within 1 m
of each other. Mean distance between systems within sites
was <500 m. The cores were sectioned into 0- to 5-, 5- to 10-,
10- to 15-, and 15- to 30-cm depths. Subsamples from the sets
of five were then composited by depth. Samples were air-
dried and then passed through a 2-mm sieve before all analyses
detailed below. Soil bulk density was calculated using dry
weights and the volumes of soil sampled. Some compaction
did occur when soil sampling, but the known volumes sampled
were used in the calculations. Bulk density values were used
to calculate soil content (mass per area) of C and N pools
from concentrations.

Particle Size and Chemical Analysis

Clay, sand, and silt concentrations were determined by the
hydrometer method (Gee and Bauder, 1986). Olsen-extract-
able-P (Olsen et al., 1954) and ammonium acetate-extractable
K* (Knudson et al., 1982) were determined by colorimetry
and atomic absorption, respectively. Soil and water mixtures
of 1:1 (McLean, 1982) were used for pH determinations with
a pH electrode (Table 1).

Total Carbon, 3°C, and Total Nitrogen

Samples were analyzed for total C, 8"°C, and total N using an
automated Carlo-Erba CN analyzer (CE Instruments, Milan,
Italy) that was interfaced to a VG Isomass mass spectrometer
(VG Isogas, Middlewich, UK). Soil was first ground to 0.25 mm
in an ultracentrifugal mill (ZM 100, Retsch GmbH & Co.,
Haan, Germany) and 35-mg subsamples of milled soil were
weighed into Sn capsules for analysis.

Potentially Mineralizable Carbon

Potentially mineralizable C was determined as CO, produc-
tion during a 24-hr aerobic incubation (Haney et al., 2001).
Two grams of soil were weighed and spread on the bottom
of a 50-mL beaker. Water potential was adjusted to —0.03
MPa for each soil by depth and by system. The beakers and
soils were placed in 1-L canning jars and immediately covered
with the gasket-lined lid. Laboratory air in the jar was flushed
out with medical breathing air (360 uL CO, L") for 5 min
at 1000 mL min~! through inlet and outlet fittings installed
on the jar lids. The 24-h incubation was conducted in the dark
at 25°C in a controlled temperature room. Carbon dioxide
was analyzed in the headspace of the canning jar with an
infrared gas analyzer (model 6200, LI-COR Inc., Lincoln, NE)
after 24 h. Triplicate empty jars were similarly flushed with
breathing air, capped, incubated for 24 h, and then analyzed
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Fig. 1. Locations of farm sites sampled in the Southern High Plains of West Texas.

for background CO,. Net CO,~C production was calculated
as the difference in the amount of CO,~C in the sample jars
and the background CO,—C, and expressed as mg CO,—C kg
soil 1 d~L

Potentially Mineralizable Nitrogen

Potentially mineralizable N was determined on the same
soil units that were subjected to the potentially mineralizable
C assay. After the 24-h CO,~C production incubation and
analysis, the soil and beaker units were removed from the
canning jars and covered with plastic wrap, sealed with a
rubber band, and placed in styrofoam coolers. Before closing
the coolers, several additional 50-mL beakers filled with water
were placed in the cooler to further help prevent evaporation
of water from the soil units. The coolers were placed in a
controlled temperature room at 25°C. After 27 d, soil units
were equilibrated with 2 M KClI using a 1:10 soil-to-extractant
ratio for 1 hr. The supernatant was filtered through a Whatman
no. 2 filter paper that was previously washed with deionized
water. Soil extracts were analyzed for NH{-N and NO;-N
(Adamsen et al., 1985) on a Technicon Autoanalyzer 2 (Tech-
nicon Industrial Systems, Tarrytown, NY). Net N mineraliza-
tion was calculated as the difference of the [NO; + NH;-N]
before and after incubation. Gaseous losses of N such as NH;
were not accounted for.

Particulate Organic Matter Carbon and Nitrogen

Twenty five grams of soil were weighed into 125-mL poly-
ethylene bottles, and 100 mL of sodium hexametaphosphate
solution (5 g L™!) was added (Gregorich and Ellert, 1993).
The soil-solution mixture was shaken for 1 h at high speed
on an end-to-end shaker. With several deionized water rinses
and gentle strokes with a rubber spatula, the mixture was
poured over a 53-pum sieve. Sand and POM remaining on the
sieve were gently backwashed into a preweighed aluminum
dish that was later dried at 60°C for 24 h. Sand plus POM
was ground to 0.25 mm in an ultracentrifugal mill. Thirty-five
milligrams of milled soil were weighed into Sn capsules and
analyzed for total C, 8°C, and total N using an automated
Carlo-Erba CN analyzer interfaced to a VG Isomass mass
spectrometer. Values of 8°°C of soil C and POM-C are reported
as per thousand and were in reference to Pee Dee Belemnite
(PDB) limestone as

3"”C = [(Rympie/Repp) — 1] 1000%o, [1]

where R = BC/2C. Additionally, the proportion of C derived
from C, or C; plants was estimated as suggested by Boutton
et al. (1998):

813C = (813CC4)(X) + (813CC3)(1 - X), [2]
where 8"°C is the 3"*C value of the POM (and sand) or whole
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Table 1. Physical and chemical characteristics of cropland and grassland soils, West Texas.

System Bulk density Clay Silt Sand pH Py Ki
gem™ gkg mg kg™

0-5 cm
Dryland cotton 1.29 (0.03)$ 148 (24) 151 (25) 698 (38) 7.1 (0.2) 13.1 (2.8) 397 47)
Irrigated cotton 1.27 (0.03) 136 (25) 169 (26) 698 (41) 7.8 (0.2) 8.5 (3.6) 343 (61)
Terminated-wheat cotton 1.29 (0.03) 163 (24) 158 (25) 677 (39) 7.6 (0.2) 23.1 (2.6) 474 (44)
CRP{ 1.33 (0.03) 225 (23) 205 (24) 573 (37) 7.4 (0.2) 2.7 (2.7) 362 (45)
NR# 1.17 (0.04) 189 (28) 231 (28) 577 (44) 7.1 (0.2) 8.6 3.1) 439 (52)
LSD (P < 0.05) 0.09 57 nstt 85 ns 9.0 ns
CRP vs. cropland ns wE * ok ns * ns
NR vs. cropland ns ns * * ns ns ns

5-10 cm
Dryland cotton 1.34 (0.03) 159 (24) 125 (25) 715 (40) 6.9 (0.2) 11.5 3.5) 359 (29)
Irrigated cotton 1.39 (0.03) 145 (25) 145 (27) 711 (42) 7.9 (0.2) 7.7 4.7) 308 (38)
Terminated-wheat cotton 1.38 (0.03) 187 (25) 128 (25) 686 (40) 7.5 (0.2) 23.1 (3.3) 351 (28)
CRP 1.46 (0.03) 218 (24) 191 (24) 590 (38) 7.6 (0.2) 3.0 3.4) 349 (28)
NR 1.42 (0.04) 180 (26) 221 (29) 600 (45) 7.3 (0.2) 4.2 (4.0) 331 (33)
LSD (P < 0.05) ns 39 63 87 0.6 11.7 ns
CRP vs. cropland ok wE * ok ns * ns
NR vs. cropland ns ns *% * ns * ns

10-15 cm
Dryland cotton 1.51 (0.03) 170 (24) 155 (28) 676 (42) 6.9 (0.2) 9.7 (2.6) 304 (28)
Irrigated cotton 1.51 (0.04) 174 (25) 122 (30) 702 (45) 7.9 (0.3) 4.6 (3.6) 241 (39)
Terminated-wheat cotton 1.50 (0.03) 183 (25) 145 (28) 673 (43) 7.5 (0.2) 14.4 (2.5) 277 (28)
CRP 1.52 (0.03) 194 (24) 217 (27) 587 (40) 7.6 (0.2) 3.5 (2.6) 326 (29)
NR 1.43 (0.04) 164 (27) 163 (32) 675 (48) 7.3 (0.2) 3130 323 (34)
LSD (P < 0.05) ns 603 ns ns 8.9 ns
CRP vs. cropland ns ns o * ns ns ns
NR vs. cropland ns ns ns ns ns ns ns

15-30 ecm
Dryland cotton 1.60 (0.04) 219 (30) 161 (24) 630 (47) 7.3 (0.2) 5.7 (1.4) 256 (21)
Irrigated cotton 1.53 (0.05) 213 (32) 129 (24) 647 (50) 7.7 (0.2) 3.6 (2.0) 235 (30)
Terminated-wheat cotton 1.57 (0.04) 208 (31) 151 (24) 50 (48) 7.5 (0.2) 6.4 (1.4) 232 (21)
CRP 1.52 (0.04) 225 (30) 188 (23) 575 45) 7.5 (0.2) 3.1 (1.3) 276 (21)
NR 1.29 (0.05) 207 (33) 168 (25) 634 (54) 7.5 (0.2) 1.7 (1.7) 308 (25)
LSD (P < 0.05) 0.13 ns 40 ns ns ns ns
CRP vs. cropland ns ns o ns ns ns ns
NR vs. cropland ** ns ns ns ns ns *

* Significant at P < 0.05.

** Significant at P < 0.01.

T Olsen extract.

1 M NH,OAc extract.

§ Standard errors are in parentheses.

1l CRP, conservation reserve program land.
# NR, native rangeland.

T ns, not significant at P = 0.05.

soil sample, 8°Cg, is the 38C value of the C, parts of the
sample (—12.0%o, Smith and Epstein, 1971), x is the fraction
of C from C, plant sources, 8°Cg; is the 8°C value of the C;
plant parts (—26.0%0, Smith and Epstein, 1971) and 1 — x is
the fraction of C from C; plants.

Water-Extractable Carbon

Soil samples were analyzed for WEC by weighing 6 g into
50-mL polyethylene centrifuge tubes and 30 mL deionized
water (25°C) was added to each tube. The soil-water mixture
was equilibrated for 1 h using an end-to-end shaker set at
high speed. After shaking, tubes were centrifuged at 17 000
rpm for 15 min using an eight-place fixed angle rotor centrifuge
(Sorvall SL-50T, Kendro Laboratory Products, Newtown,
CT). The supernatant was filtered through a Whatman no. 42
filter paper (previously leached with deionized water) and the
resulting filtrate was stored at 4°C until analysis 3 to 7 d later.
Water-extractable C in the filtrate was analyzed with a total
organic carbon/N analyzer (Model TOC-V CPH/CPN, Shi-
madzu Corporation, Japan).

Statistical Analysis

The experimental design employed in this study was an
unbalanced incomplete block design. The lack of balance is

because of unequal numbers of replicates within each manage-
ment system (four to six) and the unequal block (farm sites)
sizes (two to four). Analysis of variance by soil depth was
performed for all C and N pools measured with PROC
MIXED (SAS Institute, 1999) with the five management sys-
tems as a fixed effect. Block and block X system were consid-
ered random. Sand concentration was included in the AN-
OVA models as a covariate because sand concentration had
a strong negative correlation with most of the soil C and N
pools. Least square means were estimated and LSDs (P =
0.05) were calculated if the system effect in the ANOVA was
significant at P < 0.05. Single degree of freedom contrasts
CRP vs. cropland soils, and NR vs. cropland soils were deter-
mined as well. Additionally, simple correlation analysis (PROC
CORR, SAS Institute, 1999) was performed among all C and
N pools with and without separation of depths.

RESULTS
Particle Size and Chemical Analysis

Bulk density was similar among the systems except
at 15 to 30 cm, where NR soils had lower bulk density
(Table 1). Sand concentration in the upper 10 cm (and
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Table 2. Carbon pools of cropland and grassland soils, West Texas.

Whole soil TPOM
Potentially
System Total C Total C d8CH mineralizable C WEC§ Total C 8°C
g kg™ Mg ha™! %0 mg CO~Ckg'd™! mg kg™’ Mg ha™! %0

0-5 cm
Dryland cotton 6.0 (0.71 3.8 (0.4) —18.2 (0.9) 4 (7) 68 (7) 0.9 (0.3) —19.9 (0.8)
Irrigated cotton 5.3 (0.7) 3.3 (0.5) —18.4 (1.0) 29 (7) 53 (7) 0.6 (0.3) —20.8 (0.8)
Terminated-wheat cotton 6.9 (0.7) 4.4 (0.3) —19.6 (0.9) 44 (6) 72 (7) 0.9 (0.3) —22.6 (0.8)
CRP# 7.8 (0.7) 5.3 (0.4) —19.2 (0.9) 49 (7) 72 (7) 1.5 (0.3) —18.4 (0.8)
NRif 12.2 (0.8) 7.0 (0.5) —19.8 (1.0) 69 (7) 104 (8) 3.3 (0.4) —18.3 (0.9)
LSD (P < 0.05) 21 1.3 nsfi 17 20 0.9 2.3
CRP vs. cropland * * ns ns ns ns *
NR vs. cropland ok ok ns ** *¥ ok *

5-10 cm
Dryland cotton 5.4 (0.6) 3.6 (0.4) —17.5 (0.7) 32 (4) 64 (11) 0.7 (0.1) —19.5 (0.8)
Irrigated cotton 5.0 (0.6) 3.4 (0.4) —18.2 (0.7) 27 (4) 54 (11) 0.5 (0.1) —21.3 (0.8)
Terminated-wheat cotton 5.7 (0.6) 4.0 (0.4) —19.4 (0.7) 30 (4) 70 (10) 0.5 (0.1) —21.5 (0.7)
CRP 5.3 (0.6) 3.9 (0.4) —19.4 (0.7) 31 (4) 80 (10) 0.8 (0.1) —18.3 (0.7)
NR 5.3 (0.7) 7.3 (0.5) —17.6 (0.8) 32 (5) 71 (12) 1.6 (0.1) —17.5 (0.9)
LSD (P < 0.05) 1.9 1.3 1.7 ns ns 0.4 2.3
CRP vs. cropland ns ns ns ns ns ns *
NR vs. cropland ok ok ns ns ns ok *%

10-15 cm
Dryland cotton 4.7 (0.5) 3.4 (0.6) —17.0 (0.6) 23 (4) 72 (7) 0.4 (0.1) —21.3 (1.1)
Irrigated cotton 5.3 (0.5) 4.1 (0.7) —18.4 (0.7) 20 (4) 58 (7) 0.6 (0.1) —20.0 (1.2)
Terminated-wheat cotton 5.3 (0.5) 3.9 (0.6) —18.5 (0.7) 23 (4) 61 (7) 0.4 (0.1) —21.5 (1.1)
CRP 4.7 (0.5) 4.6 (0.6) —18.7 (0.7) 32 (4) 75 (7) 0.6 (0.1) —18.2 (1.1)
NR 7.3 (0.6) 5.4 (0.7) —15.1 (0.7) 27 (5) 78 (8) 0.9 (0.1) -15.3 (1.3)
LSD (P < 0.05) 1.5 ns 1.7 ns ns 0.2 29
CRP vs. cropland ns ns ns ns ns ns *
NR vs. cropland o ns o ns ns * *%

15-30 cm
Dryland cotton 4.9 (0.5) 11.5 (1.2) —15.6 (0.8) 18 (4) 80 (8) 0.7 (0.2) —21.4 (1.1)
Irrigated cotton 5.1 (0.5) 11.6 (1.3) —16.6 (0.9) 28 (4) 68 (8) 0.8 (0.2) —20.7 (1.2)
Terminated-wheat cotton 5.4 (0.5) 12.6 (1.2) —17.4 (0.9) 20 (4) 63 (7) 1.0 (0.2) —19.5 (1.1)
CRP 5.1 (0.5) 11.8 (1.2) —15.8 (0.9) 29 4) 85 (7) 1.2 (0.2) -17.7 (1.1)
NR 6.9 (0.5) 13.7 (1.5) —14.7 (1.0) 23 (5) 101 (9) 1.7 (0.2) —16.3 (1.3)
LSD (P < 0.05) ns ns ns ns 23 0.6 2.8
CRP vs. cropland ns ns ns ns ns ns *
NR vs. cropland * ns ns ns *¥ ok *%

* Significant at P < 0.05.

** Significant at P < 0.01.

7 POM, particulate organic matter.

1 8BC, stable carbon-13 composition.

§ WEC, water-extractable carbon.

i Standard errors are in parentheses.

# CRP, conservation reserve program land.
71 NR, native rangeland.

F¥ ns, not significant at P = 0.05.

upper 15 cm for CRP land) in CRP and NR soils was
less than in cropland soils (Table 1). This was probably
because of greater wind erosion on the cropland soils,
and wind deposition of clay and silt into CRP and NR
soils (Nichols, 1984; Parton et al., 1987). Terminated-
wheat cotton had the highest Olsen-extractable P, prob-
ably because of greater P fertilization than the other
cotton cropping systems. Soil pH was similar among sys-
tems, except at 5 to 10 cm, where dryland cotton soils had
lower pH than the other systems. Olsen-extractable-P

Soil Carbon Pools

Total C concentration was greater in NR soils than in
CRP and cropland soils at all depths to 15 cm (Table 2).
However, total C concentration and content were greater
in CRP soils than in cropped soils in the 0- to 5-cm
surface layer only. Total soil C content in the 0- to 30-cm
profile was 22, 22, 25, 24, and 34 Mg C ha! for dryland
cotton, irrigated cotton, terminated-wheat cotton, CRP,
and NR, respectively. Total soil C content was signifi-
cantly greater in NR than in the other systems (LSD =
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was <5 mg kg ! in the 0 to 10 cm of CRP soils and in
the 5- to 10-cm layer of NR. Levels of Olsen-P <5 mg
kg~ ! are considered low and having a high probability
of a crop response if P fertilizer is applied (Thomas and
Peaslee, 1973; Havlin et al., 1999). All soils at all depths
had an alkaline pH (i.e., 6.9-7.9). Exchangeable K* was
similar among the systems except at 15 to 30 cm, where
NR soils had higher soil exchangeable K*.

5.9 Mg C ha™'). Water-extractable C, while sensitive to
management, only averaged about 1% of total C. Native
rangeland soils had greater WEC than cropland soils in
the 0- to 5- and 15- to 30-cm layers. The CRP soils had
similar WEC compared with cropped soils.

Delta BC of whole soil was generally not affected by
cropping system, but did increase with depth (Table 2).
Native rangeland had the greatest 3*C of soil in the 10-
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Table 3. Nitrogen pools of cropland and grassland soils, West Texas.

Potentially
System Total N Total N POM-N7¥ NH,-N + NO; -N mineralizable N
gkg ! kg ha™! kg ha 128 d!

0-5 cm
Dryland cotton 0.6 (0.07)% 392 (41) 51 (25) 9.6 (1.6) 8.8 (2.0)
Irrigated cotton 0.3 (0.08) 207 (43) 33 (25) 8.4 (1.7) 6.0 (1.9)
Terminated-wheat cotton 0.6 (0.07) 364 (40) 73 (24) 7.8 (1.6) 12 (1.8)
CRP§ 0.7 (0.07) 463 (41) 101 (25) 5.2 (1.6) 5.6 (1.8)
NRY 1.0 (0.09) 579 (48) 197 (28) 7.2 (1.9) 11 (2.1)
LSD (P < 0.05) 0.2 110 74 ns# ns
CRP vs. cropland ns o ns ns ns
NR vs. cropland ok ok wok ns ns

5-10 cm
Dryland cotton 0.5 (0.04) 333 (31) 35 (19) 10 (1.9) 4.9 (0.8)
Irrigated cotton 0.4 (0.04) 272 (32) 32 (20) 9.4 (2.0) 5.2 (0.7)
Terminated-wheat cotton 0.5 (0.04) 377 (30) 46 (19) 7.1 (1.8) 6.0 (0.7)
CRP 0.4 (0.04) 336 (36) 43 (19) 4.1 (1.9) 3.6 (0.7)
NR 0.6 (0.04) 428 (36) 161 (22) 5.2 (22) 6.6 (0.8)
LSD (P < 0.05) 0.1 83 57 ns ns
CRP vs. cropland ns ns ns * *
NR vs. cropland * * wok ns ns

10-15 cm
Dryland cotton 0.4 (0.04) 323 (39) 30 (10) 11 (2.1) 5.4 (0.8)
Irrigated cotton 0.3 (0.05) 238 (41) 36 (11) 7.4 (2.2) 6.7 (0.8)
Terminated-wheat cotton 0.5 (0.04) 354 (38) 38 (10) 8.5 (2.0) 6.7 (0.8)
CRP 0.4 (0.04) 368 (39) 44 (10) 4.7 (2.1) 3.6 (0.8)
NR 0.5 (0.05) 404 (47) 62 (12) 5.2 (2.5) 6.2 (0.9)
LSD (P < 0.05) 0.1 ns ns ns ns
CRP vs. cropland ns ns ns ns *
NR vs. cropland * ns * ns ns

15-30 cm
Dryland cotton 0.5 (0.03) 1087 (87) 52 (16) 22 (4.8) 26 (2.9)
Irrigated cotton 0.5 (0.03) 1014 (94) 78 (17) 28 (5.1) 20 (2.8)
Terminated-wheat cotton 0.5 (0.03) 1002 (88) 58 (16) 25 4.7) 22 (2.6)
CRP 0.4 (0.03) 964 (86) 83 (15) 12 (4.7) 12 (2.6)
NR 0.6 (0.04) 1110 (103) 107 (19) 12 (5.8) 22 (3.3)
LSD (P < 0.05) ns ns ns ns 8.3
CRP vs. cropland ns ns ns * **
NR vs. cropland * ns * * ns

* Significant at P < 0.05.

** Significant at P < 0.01.

T POM, particulate organic matter.

i+ Standard errors are in parentheses.

§ CRP, conservation reserve program land.
1l NR, native rangeland.

# ns, not significant at P = 0.05.

to 15-cm layer only. Potentially mineralizable C was
greater in NR than cropped soils and CRP in the 0- to
5-cm layer only.

Particulate organic matter C was greater in NR than
in cropped soils in the entire 0- to 30-cm profile (Table
2). The CRP soils had similar POM-C levels compared
with the cropped soils. Delta BC of POM was greater
in CRP and NR soils than in cropped soils in the entire
30-cm profile sampled. The fraction of POM-C to total
soil C in the 0- to 5-cm layer was 0.45 for NR soils and
0.20 for cropped soils (data not shown). These propor-
tions agree well with Cambardella and Elliott (1992)
who reported that 39, 19, and 25% of total organic C
was POM-C in the 0 to 20 cm soil of native grassland
of the Nebraska panhandle, stubble-mulch wheat, and
no-tillage wheat, respectively. Below 5 cm, there was
no difference in the POM-C/total soil C fractions among
systems in our study, and this proportion declined to
0.10 in the 15- to 30-cm soil layer. Fifty-four percent of
whole soil C in all systems was derived from C, plants
in the 0- to 5-cm soil, and this increased to 69% in the
15- to 30-cm layer (data not shown). The percentage of

POM-C that was derived from C, plants did not differ
with soil depth and averaged 59% in CRP and NR and
35% in cropland soils.

Soil Nitrogen Pools

Total soil N concentration was greater in NR than in
cropped soils in the entire 30-cm profile (Table 3). Total
soil N content was greater in NR than cropland to 10
cm. Total soil N content was greater in CRP soils than
in cropped soils in the top 5 cm only. In the 0- to 30-cm
profile, total soil N was 2.1, 1.7, 2.2, 2.1, and 2.5 Mg N
ha™! for dryland cotton, irrigated cotton, terminated-
wheat cotton, CRP, and NR, respectively. Total soil N
was significantly greater in the NR than in cropped soils,
except for conservation-tillage cotton (LSD = 0.45 Mg
N ha™!). Total soil N was less in irrigated cotton than
dryland cotton or terminated-wheat cotton. Particulate
organic matter-N was greater in NR soils than in cropped
soils in all layers sampled, except the 10- to 15-cm layer
(Table 3). The C:N ratio of POM averaged 17 and was
not affected by system or soil depth. Extractable
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Table 4. Correlation among carbon and nitrogen pools (units are all concentration in soil) of cropland and grassland soils, West Texas

(n = 112).

POM-N7f C mineral.: N mineral. WECS§ Total C Total N Sand Silt Clay
POM-C 074 0.64°* 0.59%* 0.397 0.69%* 0.69%* —0.23* 034 ns#
POM-N 0,52 0.43* 0.30° 0.62%* 0.56%* ns 033 ns
C mineral. 0.56%* 0.54 0.70%* 0.75%# —0.57%* 0.58* 0.46°*
N mineral. 0,327 0.58%* 073 —0.38** 0.56+* 0.59%*
WEC 054 0.55%# —0.55%* 0527 0.47%
Total C 0.867* —0.74% 074 0.60%*
Total N —0.69°* 0.68* 0.57:
Sand —0.91%* —0.97%*
Silt 0.66°*

* Significant at P < 0.05.

** Significant at P < 0.01.

T POM, particulate organic matter.
% mineral., mineralization.

il WEC, water-extractable carbon.
# ns, not significant at P < 0.05.

NH/{ plus NO; (>90% NO;) was significantly less in
CRP and NR soils than in the cropped systems in the
15- to 30-cm layer (and in the 5-10 cm layer for CRP).
In the 0- to 30-cm profile, total extractable N was 55,
52, 48, 27, and 30 kg N ha™! (LSD = 26 kg N ha™!,
data not shown) for dryland cotton, irrigated cotton,
terminated-wheat cotton, CRP, and NR, respectively.
Potentially mineralizable N was the lowest in CRP soils
in the 5- to 30-cm depths.

Correlations between Carbon and Nitrogen Pools

Correlations between soil C and N pools were similar
between soil depths, therefore only the correlations with
depths pooled will be presented. Total soil C and N
concentrations were highly correlated among all treat-
ments (r = 0.86, Table 4). Correlations of total or
POM-C and -N with each of the other C and N pools
were greater when expressed as concentrations than as
contents. This may have been because of variation in
bulk density. Correlations between soil C concentration
and sand, silt, and clay were —0.74, 0.74, and 0.60, re-
spectively. Water-extractable C, potentially mineraliz-
able C, and POM-C were correlated with total soil C
concentration with r = 0.54, 0.70, and 0.69, respectively.
Correlations of total soil N concentration with sand, silt,
clay, WEC, and POM-C were similar to the correlations
with total soil C concentration. Potentially mineralizable
N concentration was correlated with total soil N concen-
tration (r = 0.73) to a similar degree as potentially
mineralizable C was correlated with total soil C concen-
tration (r = 0.70). Potentially mineralizable N concen-
tration was moderately correlated with potentially min-
eralizable C (r = 0.56).

Particulate organic matter C concentration was corre-
lated with potentially mineralizable C (r = 0.64), but
POM-N concentration was only weakly correlated with
potentially mineralizable N (r = 0.43). Correlation of
POM-C concentration with potentially mineralizable N
was 0.59. The C:N ratio of POM was only weakly related
to potentially mineralizable C and N (r = 0.20 and 0.23,
respectively, significant at P < 0.05, data not shown).

DISCUSSION

The lower total soil C and N observed in cultivated
cropland soils compared with NR soils have been well

documented (Haas et al., 1957; Bauer and Black, 1981;
Lamb et al., 1985; Woods and Schuman, 1988). In our
study, however, the 0 to 30 cm total soil C in CRP land
was not as high as in the NR system. Additionally, total
soil C and N in 0- to 30-cm CRP soils were not greater
than in cropland systems. Reeder et al. (1998) reported
that soil C and N in CRP soils were statistically similar
to that of an adjacent native prairie after 5 yr in a sandy
loam, but not in a clay loam. Huggins et al. (1997)
reported after 7 yr in the CRP, soil C and N in a loam
were still less than that of a tall grass native prairie. Potter
et al. (1999) reported that soil C and N on 60-yr restored
grassland on a clay were still less than on native prairie,
but greater than in adjacent cropland. In our study in
the Southern High Plains, the relatively short time of 9
to 15 yr that the CRP was in place may have limited C
and N sequestration. The warm climate of the Southern
High Plains, and its associated rapid organic matter oxi-
dation rates, may also explain lack of C sequestration
in CRP soils compared with other studies in cooler sites.

Absence of P fertilization apparently resulted in low
soil test P levels in CRP and NR soils, which may have
limited plant biomass production and C sequestration.
Although soil test P in the 0- to 5-cm layer of NR
soils was greater than the critical level of 5 mg P kg™!
(Thomas and Peaslee, 1973; Havlin et al., 1999), this
topsoil layer is usually dry and therefore not as impor-
tant in nutrient acquisition. The 5- to 10-cm layer of
NR, however, had only 4 mg P kg~!, and was therefore
P deficient. The high soil test P levels observed in the
terminated-wheat cotton may have been because wheat
is one of the most P-sensitive crops (Fixen and Grove,
1990). Visual P deficiency in wheat such as stunting may
have led producers to apply additional P fertilizer.

In contrast to our findings, Brejda et al. (2000) re-
ported similar soil test P (Mehlich 3) among cropland,
CRP, and NR sites. The lack of grazing in the CRP sites
is probably also an important factor in C sequestration,
but recent studies report that grazing can result in either
increases or decreases in soil C (Milchunas and Lauen-
roth, 1993; Schuman et al., 2001). Cattle grazing in NR,
however, would have added some N and P into the
system from supplemental feeds.

Low extractable-N and mineralizable-N suggests that
N may have limited C sequestration in CRP and NR
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soils. However, low [NO; + NH;-N] in grassland soils
may also be because of rapid N cycling. Legumes play
an important role in N soil fertility and soil C levels
(Robles and Burke, 1997). Although not exceedingly
abundant, there were N,-fixing legumes observed in
both CRP and NR sites. The most common N,—fixing
legumes in NR were honey mesquite and catclaw acacia
(Acacia greggii A. Gray). Purple prairie clover (Dalea
purpurea Vent.) and yellow blossom sweetclover [Meli-
lotus officinalis (L.) Lam.] were observed in many CRP
sites. However, it is not clear how much N, was fixed
in the grassland systems in this study. The levels of
extractable inorganic N in the cotton systems were rela-
tively high and similar to that reported for farmers’ fields
in the Southern High Plains (Bronson, 2003). Since soil
sampling was conducted after cotton harvest, high levels
of residual NOj™ are probably the result of overfertiliza-
tion and/or not achieving yield goals.

None of the soil C pools measured differed between
terminated-wheat cotton and irrigated or dryland cot-
ton. Conservation tillage systems are usually associated
with high amounts of crop residue. However, the amounts
of small grain residue in the terminated-wheat cotton
system are usually <1200 kg ha~!, because the winter
cover crop is not irrigated and the winters in West Texas
are dry (Bronson et al., 2001). The low amounts of small
grain residue therefore were apparently not enough to
impact any of the soil C pools measured in this study.
There was more tillage in conventional irrigated and
dryland cotton than in terminated-wheat cotton, but
apparently this did not result in additional soil organic
C loss.

The magnitude of the total C and N concentrations
and contents of the grassland and cropland soils in our
study are not unexpected considering the warm, dry
climate where the average annual temperature of Lub-
bock, TX, is 16°C, the average annual rainfall is 47 cm,
and the relatively high sand concentration of our South-
ern High Plains sample sites. Decreasing soil organic
C from the Northern to Southern High Plains is well
documented (Burke et al., 1989; Follett et al., 1997;
Brejda et al., 2000). Potter et al. (1999) reported greater
C and N contents of cropland, restored grassland, and
prairie in clay soils in the higher-rainfall area of Central
Texas. Soil C and N contents in native shortgrass prairie
and adjacent cropland in a loam soil in the Northern
Plains of Western Nebraska were much greater than we
report (Cambardella and Elliott, 1992). On the other
hand, soil C and N in NR in our study sites were similar
to a sandy loam native shortgrass prairie site in Wyo-
ming (Reeder et al., 1998), and greater than NR sites
of sandy loam to sandy clay texture in Colorado (Burke
et al., 1995). However, in our study, soil C and N were
less than in cropland sites in the Wyoming study, and
greater than cropland sites in the Colorado study. The
soil C and N concentrations reported for cropland, CRP,
and NR sites in the Southern High Plains of Texas, New
Mexico, and Oklahoma by Brejda et al. (2000) were all
less than the concentrations we report for these systems.
This may be because the soils in that study had on

average, less clay and silt, and greater sand concentra-
tions than the soils in our study.

Clay and silt concentrations were positively corre-
lated with total soil C and N, and sand was negatively
correlated with the same. This relationship has been
reported previously (Nichols, 1984; Parton et al., 1987;
Burke et al., 1989). Sand concentration was a significant
covariate in nearly all of the ANOVAs at all depths
that were performed on soil C and N pools.

The POM fractions of soil C or N have been reported
to be active fractions or labile pools of C and N (Cam-
bardella and Elliott, 1992). Correlation between poten-
tial C mineralization and total soil C concentration minus
POM-C was 0.56 (data not shown), and the correlation
improved to 0.69 when POM was not subtracted (Table
4). This suggests that a significant amount of POM-C
was mineralized in the potential C mineralization assay.
Correlation between potential N mineralization and to-
tal soil N concentration minus POM-N was 0.67 (data
not shown), and only improved to 0.73 when POM was
not subtracted. This suggests that POM-N makes a con-
tribution to potential N mineralization, but that its rela-
tive importance may not be as great as POM-C is to C
mineralization. Our results are similar to Janzen et al.
(1992), who reported that macroorganic matter (C:N of
16) N content did not relate to potential N mineraliza-
tion as well as macroorganic matter C content related
to respiration. Curtin and Wen (1999), however, re-
ported that macroorganic matter N was highly corre-
lated (R? = 0.83) with potential N mineralization. The
C:N ratios we reported for POM are similar to other
studies (Cambardella and Elliott, 1992; Wander and Bid-
hart, 2000). Although C:N ratios <20 to 25 are well
known to result in net N mineralization (Parr and Pa-
pendick, 1978; Paul and Clark, 1989), our results suggest
a marginal role of POM-N in N mineralization.

In our study, WEC correlated moderately with poten-
tial C mineralization (r = 0.54), but WEC was only
about 1% of total soil C. Similar to our results, Dao et
al. (2002) reported that mineralizable C and WEC were
greater in grasslands than cultivated soil in a Southern
High Plains site in Oklahoma.

Potential C mineralization measured by 24-h incuba-
tion at —(0.03 MPa has been suggested as an estimator
of potential N mineralization (Franzluebbers et al., 1996;
Haney et al., 2001). Our results, however, showed only
a moderate correlation (r = 0.59) between these two
measures. Total soil N estimated potentially mineraliz-
able N to a greater degree (r = 0.73) than any of the
soil C or N pools. However, the top soil layers, where
total soil N was highest in CRP and NR, did not show
greater potential N mineralization than cropland soils
(Table 3). In fact, in the 5- to 30-cm layers, where total
soil N was similar among systems, CRP soils had less
potential N mineralization than the cropped soils. This
may have implications for N fertilization practices when
CRP contracts end, when CRP soils need N fertilization
to be productive.

Carbon-13 levels in the whole soil were generally not
affected by system at any depth, indicating that C; cotton
cropping was not impacting total soil C. The decrease
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with depth that we observed in C, percentage of total
soil C (or increase of 8"C in soil with depth) has been
previously reported (Boutton et al., 1998; Follett et al.,
1997). This trend has been attributed to greater rooting
depths of C, plants compared with C; plants (Kelly et
al., 1991; Follett et al., 1997), and is most apparent in
the 10- to 15-cm layer of NR. Also contributing to the
d"C trend with soil depth is the discrimination that
heterotrophic bacteria exhibit against BC as organic
matter decomposes, and this effect is more apparent in
the older soil C at depth (Blair et al., 1985; Agren et
al., 1996).

Carbon-13 in POM was in approximate equilibrium
(i.e., within 1.1%o) with C in whole soil from 0 to 15 cm
in CRP and NR soils only. Carbon-13 was significantly
affected by system in the POM-C fraction, which was
not unexpected, since POM is made up of recent C
additions. The majority of POM-C in cropped soils ap-
parently came from cotton roots and residues. It is possi-
ble that the 35% of POM-C from C, plants is from the
occasional sorghum (Sorghum bicolor L.) catch crops
that are grown in the Southern High Plains when cotton
is destroyed by hail. However, the overall levels of
POM-C had declined drastically since the cropped sites
were in native prairie. The 60% of POM-C in CRP and
NR soils that was derived from C, plants was consistent
with our observations of the plant species at these sites.
The BC levels observed in whole soil were similar to
the levels for Southern Plains soils reported by Follett
et al. (1997).

In general, soil N pools reflected soil C pools across
systems. One exception to the strong soil C and N corre-
lation was the observation of lower total N in the 0- to
15-cm soil of irrigated cotton than in the other cropped
systems. The reason for this is not clear, as in the 15-
to 30-cm layer, total soil N in irrigated cotton was similar
to the other cotton croplands.

CONCLUSIONS

Total soil C and N concentration was greater in NR
than for cropped soils from 0 to 30 cm. Native rangeland
also had greater total C and N content than cropland
soils for the entire 30-cm soil profile studied. The CRP
soils had greater total soil C and N concentration and
content than cropland soils in the top 5 cm only. Poten-
tially mineralizable C was greatest in NR in the 0- to
5-cm layer. Potentially mineralizable N was less in CRP
soils than in cropland in the 5- to 30-cm depths, and
may have implications for N fertilization following CRP
contracts. Particulate organic matter C was greater in
NR soils than cropland soils in 0 to 30 cm, and POM-N
had this trend in all depths to 30 cm except the 10- to
15-cm layer. Low soil test P may have been a limitation
to plant biomass production and C sequestration in CRP
and NR soils. It is less clear how limiting N was in these
soils, as N,—fixing legumes were present in both CRP
and NR soils. In general, all C and N pools were posi-
tively correlated, regardless of system or soil depth. Im-
proved management is needed to sequester C and N in
conservation-tillage cotton in the Southern High Plains.

One possibility is to irrigate the winter cover crop to
increase rye or winter wheat aboveground biomass be-
fore termination with herbicides. The economic benefit,
however, of cover crop irrigations needs to be examined
before producers would adopt this practice. Research
is needed to identify management practices that result
in C and N sequestration in CRP and conservation-
tillage terminated-wheat cotton soils in the Southern
High Plains.

ACKNOWLEDGMENTS

The authors are indebted to Dean Holder (USDA-ARS)
for technical assistance with fieldwork and laboratory analysis,
Willie Crenwelge (USDA-NRCS) for soil series identification,
and to Jim Crownover (Retired USDA-NRCS) for plant iden-
tification.

REFERENCES

Adamsen, F.J., D.S. Bigelow, and G.R. Scott. 1985. Automated meth-
ods for ammonium, nitrate, and nitrite in 2 M KCl-phenylmercuric
acetate extracts of soil. Commun. Soil Sci. Plant Anal. 16:883-898.

Agren, G.I., E. Bosatta, and J. Balesdent. 1996. Isotope discrimination
during decomposition of organic matter. A theoretical analysis.
Soil Sci. Soc. Am. J. 60:1121-1126.

Bauer, A., and A.L. Black. 1981. Soil carbon, nitrogen, and bulk
density comparisons in two cropland tillage systems after 25 years
and in virgin grassland. Soil Sci. Soc. Am. J. 45:1166-1170.

Blair, N., A. Leu, E. Muiios, J. Olsen, E. Kwong, and D. Des Marais.
1985. Carbon isotopic fractionation in heterotrophic microbial me-
tabolism. Appl. Environ. Microbiol. 50:996-1001.

Boutton, T.W., S.R. Archer, A.J. Midwood, S.F. Zitzer, and R. Bol.
1998. 8C values of soil organic carbon and their use in document-
ing vegetation change in a subtropical savanna ecosystem. Geo-
derma 82:5-41.

Bowman, R.A., M.F. Vigil, D.C. Nielsen, and R.L. Anderson. 1999.
Soil organic matter changes in intensively cropped dryland systems.
Soil Sci. Soc. Am. J. 63:186-191.

Brejda, J.J., T.B. Moorman, D.L. Karlen, and T.H. Dao. 2000. Identifi-
cation of regional soil quality factors and indicators: I. Central and
Southern High Plains. Soil Sci. Soc. Am. J. 64:2115-2124.

Bronson, K. 2003. Improving the way you soil sample [Online]. Avail-
able at: http://lubbock.tamu.edu/soilfertility/pdfs/improvesoilsamp.
pdf [revised March 2004; verified 23 Apr. 2004] The Agricultural
Program, Texas A&M University System, Lubbock.

Bronson, K.F., A.B. Onken, J.W. Keeling, J.D. Booker, and H.A.
Torbert. 2001. Nitrogen response in cotton as affected by tillage
system and irrigation level. Soil Sci. Soc. Am. J. 65:1153-1163.

Burke, I.C., W.K. Laurenroth, and D.R. Coffin. 1995. Soil organic
matter recovery in semiarid grasslands: Implications for the conser-
vation reserve program. Ecol. Appl. 5:793-801.

Burke, I.C., CM. Yonker, W.J. Parton, C.V. Cole, K. Flach, and
D.S. Schimel. 1989. Texture, climate, and cultivation effects of soil
organic matter content in U.S. grassland soils. Soil Sci. Soc. Am.
J. 53:800-805.

Cambardella, C.A. 1998. Experimental verification of simulated soil
organic matter pools. p. 519-526. In R. Lal et al. (ed.) Soil processes
and the carbon cycle. CRC Press, Boca Raton, FL.

Cambardella, C.A., and E.T. Elliott. 1992. Particulate soil organic
matter changes across a grassland cultivation sequence. Soil Sci.
Soc. Am. J. 56:777-783.

Council for Agricultural Science and Technology. 1990. Ecological
impacts of Federal conservation and cropland reduction programs.
Task Force Rep. No. 117. CAST, Washington, DC.

Chan, K.Y., D.P. Heenan, and A. Oates. 2002. Soil carbon fractions
and relationship to soil quality under different tillage and stubble
management. Soil Tillage Res. 63:133-139.

Curtin, D., and G. Wen. 1999. Organic matter fractions contributing
to soil nitrogen mineralization potential. Soil Sci. Soc. Am. J.
63:410-415.

Dao, T.H., J.H. Stiegler, J.C. Banks, L.B. Boerngen, and B. Adams.



e
()
S
j
()]
(D]
()
pust
(2]
—

L=

2
=
>
(o8
o
(&]

<
@

O
=
()]
(S

<

N—
o
>
=

.0
o
o

w
()
(&)
c

.0
(@]

w

ke)

w
>

o]

e
[}

<

2

o)
>

o

©
c
=
>
o

)
1]

.0
pum
Q
(S

<

Y—
o
>

=

.0
(&
)

w
[0}
o
C

.0
O

w

©

w
(S
o
pust

y“—

e
[0}
(S}
=}

©
o
pust
o
()

o

1704 SOIL SCI. SOC. AM. J., VOL. 68, SEPTEMBER-OCTOBER 2004

2002. Post-contract land use effects on soil carbon and nitrogen in
conservation reserve grasslands. Agron. J. 94:146-152.

DeLuca, T.H., and D.R. Keeney. 1994. Soluble carbon and nitrogen
pools of prairie and cultivated soils. Soil Sci. Soc. Am. J. 58:835-840.

Doran,J.W., E.T. Elliott, and K. Paustian. 1998. Soil microbial activity,
nitrogen, cycling, and long-term changes in organic carbon pools
as related to fallow tillage management. Soil Tillage Res. 49:3-18.

Fixen, P.E., and J.H. Grove. 1990. Testing soils for phosphorus. p.
141-180. In R.L. Westerman et al. (ed.) Soil testing and plant
analysis. 3rd ed. SSSA Book Ser. No. 3. SSSA, Madison, WI.

Follett, R.F., J.M. Kimble, and R. Lal. 2001. The potential of U.S.
grazing lands to sequester carbon and mitigate the greenhouse
effect. CRC Press, Boca Raton.

Follett, R.F., E.A. Paul, S.W. Leavitt, A.D. Halvorson, D. Lyon, and
G.A. Peterson. 1997. Carbon isotope ratios of Great Plains soils
and in wheat-fallow systems. Soil Sci. Soc. Am. J. 61:1068-1077.

Follett, R.F., and D.S. Schimel. 1989. Effect of tillage practices on
microbial biomass dynamics. Soil Sci. Soc. Am. J. 53:1091-1096.

Franzluebbers, A.J., R.L. Haney, F.M. Hons, and D.A. Zuberer. 1996.
Determination of microbial biomass and nitrogen mineralization
following rewetting of dried soil. Soil Sci. Soc. Am. J. 60:1133-1139.

Garten, C.T., Jr., and S.D. Wullschleger. 2000. Soil carbon dynamics
beneath switchgrass as indicated by stable isotope analysis. J. Envi-
ron. Qual. 29:645-653.

Gebhart, D.L., H.B. Johnson, H.S. Mayeux, and H.-W. Polley. 1994.
The CRP increases soil organic carbon. J. Soil Water Conserv. 49:
488-492.

Gee, G.W., and J.W. Bauder. 1986. Particle size analysis. p. 383—412.
In A. Klute (ed.) Methods of soil analysis: Part 1—Physical and
mineralogical methods. SSSA and ASA, Madison, WI.

Gregorich, E.G., and B.H. Ellert. 1993. Light fraction and macroor-
ganic matter in mineral soils. p. 397-407. In M.R. Carter (ed.) Soil
sampling and methods of analysis. Lewis Publ., Boca Raton, FL.

Haas, H.J., C.E. Evans, and E.F. Miles. 1957. Nitrogen and carbon
changes in Great Plains soils as influenced by cropping and soil
treatments. USDA Tech. Bull. 1164. U.S. Gov. Print. Office, Wash-
ington, DC.

Halvorson, A.D., B.J. Wienhold, and A.L. Black. 2002. Tillage, nitro-
gen, and cropping system effects on soil carbon sequestration. Soil
Sci. Soc. Am. J. 66:906-912.

Haney, R.L., FM. Hons, M.A. Sanderson, and A.J. Franzluebbers.
2001. A rapid procedure for estimating nitrogen mineralization in
manured soil. Biol. Fertil. Soils 33:100-104.

Havlin, J.L., J.D. Beaton, S.L. Tisdale, and W.L. Nelson. 1999. Soil
fertility and fertilizers— An introduction to nutrient management.
6th ed. Prentice Hall, Upper Saddle River, NJ.

Huggins, D.R., D.L. Allen, J.C. Gardner, D.L. Karlen, D.F. Bezdicek,
M.J. Rosek, M.J. Alms, M. Flock, B.S. Miller, and M.L. Staben.
1997. Enhancing carbon sequestration in CRP-managed land. p.
323-334. In R. Lal et al. (ed.) Management of carbon sequestration
in soil. CRC Press, Boca Raton, FL.

Hussain, I., K.R. Olson, and S.A. Ebelhar. 1999. Long-term tillage
effects on soil chemical properties and organic matter fractions.
Soil Sci. Soc. Am. J. 63:1335-1341.

Janzen, H.H., C.A. Campbell, S.A. Brandt, G.P. Lafond, and L. Town-
ley-Smith. 1992. Light-fraction organic matter in soils from long-
term crop rotations. Soil Sci. Soc. Am. J. 56:1799-1806.

Kelly, E.F., R.G. Amundson, B.D. Marino, and M.J. DeNiro. 1991.
Stable carbon isotopic composition of carbonate in Holocene grass-
land soils. Soil Sci. Soc. Am. J. 55:1651-1658.

Knudson, D., G.A. Peterson, and P.F. Pratt. 1982. Lithium, sodium,
and potassium. p. 225-246. In A.L. Page et al. (ed.) Methods of
soil analysis. Part 2. 2nd ed. Agronomy Monogr. 9. ASA and SSSA,
Madison, WI.

Lamb, J.A., G.A. Peterson, and C.R. Fenster. 1985. Wheat fallow
tillage systems’ effect on a newly cultivated grassland soils’ nitrogen
budget. Soil Sci. Soc. Am. J. 49:352-356.

McLean, E.O. 1982. Soil pH and lime requirement. p. 199-224. In
A.L. Page et al. (ed.) Methods of soil analysis. Part 2. 2nd ed.
Agronomy Monogr. 9. ASA and SSSA, Madison, WI.

Milchunas, D.G., and W.K. Lauenroth. 1993. Quantitative effects of
grazing on vegetation and soils over a global range of environments.
Ecol. Monogr. 63:327-366.

Nichols, J.D. 1984. Relation of organic carbon to soil properties and

climate in the Southern Great Plains. Soil Sci. Soc. Am. J. 48:
1382-1384.

Olsen, S.R., F.S. Watanabe, H.R. Cosper, W.E. Larson, and L.B.
Nelson. 1954. Residual phosphorus availability in long-term rota-
tions on calcareous soils. Soil Sci. 78:141-151.

Ortega, R.A., G.A. Peterson, and D.G. Westfall. 2002. Residue accu-
mulation and changes in soil organic matter as affected by cropping
intensity in no-till dryland agroecosystems. Agron. J. 94:944-954.

Parr, J.F., and R.I. Papendick. 1978. Factors affecting the decomposi-
tion of crop residues by microorganisms. p. 101-129. /n W.R. Osch-
wald (ed.) Crop residue management systems. Special Publ. 31.
ASA, CSSA, and SSSA, Madison, WI.

Parton, W.J., D.S. Schimel, C.V. Cole, and D.S. Ojima. 1987. Analysis
of factors controlling soil organic matter levels in Great Plains
grasslands. Soil Sci. Soc. Am. J. 51:1173-1179.

Paul, E.A., and F.E. Clark. 1989. Soil microbiology and biochemistry.
Academic Press, San Diego, CA.

Potter, K.N., O.R. Jones, H.A. Torbert, and P.W. Unger. 1997. Crop
rotation and tillage effects on organic carbon sequestration in the
semiarid Southern Great Plains. Soil Sci. 162:140-147.

Potter, K.N., H.A. Torbert, H.B. Johnson, and C.R. Tischler. 1999.
Carbon storage after long-term grass establishment on degraded
soils. Soil Sci. 164:718-724.

Reeder, J.D., G.E. Schuman, and R.A. Bowman. 1998. Soil C and N
changes on conservation reserve program lands in the Central
Great Plains. Soil Tillage Res. 47:339-349.

Robles, M.D., and I.C. Burke. 1997. Legume, grass, and conservation
reserve program effects on soil organic matter recovery. Ecol.
Appl. 7:345-357.

Salinas-Garcia, J.R., F.M. Hons, J.E. Matocha, and D.A. Zuberer.
1997. Soil carbon dynamics as affected by long-term tillage and
nitrogen fertiliation. Biol. Fertil. Soil. 25:182-188.

SAS Institute. 1999. The SAS system for Windows version 8.0. SAS
Inst., Cary, NC.

Schuman, G.E., J.E. Herrick, and H.H. Janzen. 2001. The dynamics
of soil carbon in rangelands. p. 267-290. In R.F. Follett, J.M. Kim-
ble, and R. Lal (ed.) The potential of U.S. grazing lands to sequester
carbon and mitigate the greenhouse effect. CRC Press, Boca Ra-
ton, FL.

Six, J., E.T. Elliott, K. Paustian, and J.W. Doran. 1998. Aggregate and
soil organic matter accumulation in cultivated and native grassland
soils. Soil Sci. Soc. Am. J. 62:1367-1377.

Smith, B.N., and S. Epstein. 1971. Two categories of *C/*>C ratios for
higher plants. Plant Physiol. 47:380-384.

Staben, M.L., D.F. Bezdiciek, J.L. Smith, and M.F. Fauci. 1997. Assess-
ment of soil quality in conservation reserve program and wheat-
fallow soils. Soil Sci. Soc. Am. J. 61:124-130.

Thomas, G.W., and D.E. Peaslee. 1973. Testing soils for phosphorus.
p. 115-132. In LM. Walsh and J.D. Beaton (ed.) Soil testing and
plant analysis. SSSA, Madison, WI.

Unger, P.W. 1991. Organic matter, nutrient, and pH distribution in
no- and conventional-tillage semiarid soils. Agron. J. 83:186-189.

USDA Economic Research Service. 1996. Agricultural and conserva-
tion practices in the Southern High Plains. Updates on agricultural
resources and environmental indicators. No. 16. USDA-ERS, Wash-
ington, DC.

Wander, M.M., and M.G. Bidhart. 2000. Tillage practice influences
on the physical protection, bioavailability and composition of par-
ticulate organic matter. Biol. Fertil. Soils 32:360-367.

Whalen, J.K., P.J. Bottomley, and D.D. Myrold. 2000. Carbon and
nitrogen mineralization from light- and heavy-fraction additions
to soil. Soil Biol. Biochem. 32:1345-1352.

Woods, L.E., and G.E. Schuman. 1988. Cultivation and slope position
effects on soil organic matter. Soil Sci. Soc. Am. J. 52:1371-1376.

Yakovchenko, V.P., L.J. Sikora, and P.D. Milner. 1998. Carbon and
nitrogen mineralization of added particulate and macroorganic
matter. Soil Biol. Biochem. 30:2139-2146.

Zibilske, L.M., J.M. Bradford, and J.R. Smart. 2002. Conservation
tillage induced changes in organic carbon, total nitrogen and avail-
able phosphorus in a semi-arid alkaline subtropical soil. Soil Tillage
Res. 66:153-163.

Zobeck, T.M., N.A. Rolong, D.W. Fryrear, J.D. Bilbro, and B.L.
Allen. 1995. Properties and productivity of recently tilled grass sod
and 70-year cultivated soil. J. Soil Water Conserv. 50:210-215.



