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The predominant cropping system in the Central Great Plains is conventional ultage (CT) winter wheat { Treticum
aestinm L3-summer fallow. We investigated the effect of 13 yr of cropping intensities, fallow frequencies, and
tillage {CT and no-tl INTY) practices on soif organic C {SOC sequesteation, pasticulace arganic matter (POM},
and wet aggregate-size distribution. A crop rotation study was initiaed in 1990 ac Akson, CO, on 1 silt loam. In
2005, woif samples were collected from the §- 0 $- and 5- to 15-cm depths in permancne grass, native praitic, and
cropping intensities {Cl} that included winter wheat, corn {Zea maps L), proso millet { Pemcum miliaewm L),
dry pea (Piswm sativion L), and summer fallow. The native praitie was sampled to provide a reference point for
changes in soil parameters. The most intensive crop rotation significanly increased C sequestration compared with
the other Cls where fallow accurred once every 2o 3 yr. Legume presence in the rotation did not improve SOC
sequestration relative to summer fallow. Significant amounts of macroaggregates were associated wich grass and
intenisive cropping compared with dhe rotations that included falfow. Reduced fallow frequency and continuous
cropping sigaibicantly increased soil POM near the surface compared with NT wheat-fallow, Macroaggregates
exhibited a significant posiive relationship with SOC and POM. A significant negative vorrelation was observed
between microaggregates and POM, especially at 0- 1o S-em depeh. Overall, 2 positive cffect of continuous
cropping and NT was observed on macroaggregate formarion and stabilization as well as SOC and POM.

Abbreviations: ACR, alrernative crop rotation; Cl, cropping intensity; CT, conventional tillage;
NT, no-till; POM, pasticulare organic matter; SOC. soit organic carsbon; WCF, wheat-com-fallow;
WM, wheat~cotn-millet; WCMF, wheat—corn-millee-fallow; WCMP, wheat—corn-millet—pea;
WE, wheat—fallow; WSA, water-stable aggregates.

osses of SOC in the Grear Plains have been associated with tillage and summer

fallow management (Bowman et al,, 1999; Halvorson et al,, 2002a,b). In chis
region, water is the most limiting factor for crop production. Fallow periods are
included in cropping systems to improve soil water storage for subsequent crops.
Peterson et al. (1998) pointed out that a fallow period improves the chance of hav-
ing some available water during grain fll, thereby increasing crop yield; however,
a loss of SOC during fallow is likely to occur. Fallow, in any cropping sequence,
is a period of microbial activity and residue decomposition with no crop residue
input. Consequently, the soil becomes susceptible to wind erosion and SOC loss
(Halvorson et al., 2002a).

The combination of wheat-fallow with CT further promotes SOC losses
because cillage (i) increases residue mixing with soil and soil acration, which en-
hances residue decomposition, (i) destroys soil aggregates and exposes previously
protected SOC o soil fauna, and (iii) increases losses due to soil erosion (Blevins
and Frye, 1993; Beare et al,, 1994; Paustian et al., 1997). Adopring NT improves

the conservation of soil warer during the fallow period compared witha CT system
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(Nielsen et al., 2005), In addition to increasing soil water con-

servation, N'T increases surface SOC as a resule of increased
residue aceumulation, less residue mixing, less oxidation, less
soil disturbance, reduced soil temperature, proliferation of root
growth and biological activity, and decreased risks of soil erosion
{Blevins and Frye, 1993: Six er al., 1999).

It has been documented thae NT soils have improved soil
aggregation, C sequestration, and aggregare stability (Mikha and
Rice, 2004; McVay et al., 2006; Zhang e al.,, 2007), which results
in increased water infleracion and resistance to wind and water
crosion (Zhang et al., 2007). Soil aggregation is one of the im-
portanc characreristics that mediates many soil chemical, physi-
cal, and biological properties and improves soil quality and sus-
tainability. The stability of macroaggregates (>250-pm diam.) is
particularly responsive to changes in management practices  Jiao
et al,, 2006; Zibilske and Bradford, 2007). The loss of macroag-
gregate-occluded organic marter is a primary source of C and
nutrients lost as a result of cultivation (Six et al,, 2002; Mikha
and Rice 2004; Jiao eral., 2006; Zibilske and Bradford, 2007).

Smika and Wicks (1968) documented that the use of
NT in the Ceneral Grear Plains improved soil water conserva-
tion, which allows decreasing fallow frequency (two crops in
3 yr). Niclsen et al. (2005) also recognized that intensifying a
cropping system is possible with N'T management in the Great
Plains region. Intensive cropping systems with reduced tillage
and fewer fallows provide more residues, increase SOC content,
and reduced potential for soil erosion (Halvorson et al., 2002a).
Reduced fallow frequency with less soil disturbance in an NT
system, relative to CT wheat-fallow, can produce more grain per
unit of soil water (Nielsen et al,, 2005) and leave more residues
on the soil surface (Cantero-Martinez et al,, 2006). Therefore
the possibility for sequestering C in soil increases with intensive
cropping systems (Peterson eval,, 1998) and NT management.

Previous rescarch in the Grear Plains emphasized the of-
fece of ditferenc tillage practices and reduced fallow frequency
on SOC content (Peterson et al, 1998; Bowman et al., 1999;
Halvorson et al, 2002a,b; McVay et al. 2006), crop yield
{Halvorson et al., 2002b), and soil chemical properties (Mikha
et al., 2006). Recently Benjamin et al. (2008) evaluated the ef-
tect of SOC and soil aggregation on soil physical and hydraulic
properties, but they were limited to two rotations and grass plots.
Very lictle documentation from long-term studics exists that

compares the combined effects of reduced fallow trequency and

Table 1. Description of cropping intensity and crop sequence.
The phases of each rotation were combined for analysis.

Cropping Cropping sequencet
intensity+
.5 WF o, WF
0.67 WOCF, CFW, FWC
0.75 WOME, CMEW, MFWC, FWCM
1.0 WM, CMW, MWC, WCMP, CMPW, MPWC, PWCM

t The cropping intensity indicates the frequency of fallow in the rotation.
+ All rotations were in no-tifl except wheat-fallow, which was studied
under no-tif CWF iy and conventional tillage (WF, 11 W, winter
wheat; ¥, 1allow; C, corm; M. millet; P, pea.

NT on soil aggregation, aggregate size distribution, and POM,
Furthermore, few studics have been reported that have examined
the relationship between aggregate size distribution and increas-
ing SOC and POM. Thus, the objectives of this study were to:
(i} assess changes in aggregace size distribution, SOC, and POM
caused by N'T management and by reducing fallow frequencics;
and (i} correlate changes in aggregate size distribucions with
changes in SOC and POM. This study is different from previous
studies because it evaluates che long-term influence of cropping
incensity in combination wich NT management on soil quality
parameters (e.g., soil aggregation, POM, and C sequestration) in
the upper 15 cm of the soil in the Central Greae Plains.

MATERIALS AND METHODS

Site Description
The research plots are located ar the USDA-ARS Central Grear

Plains Research Station (Akron, COJ on the Alternative Crop Rotation
{ACR] study site. The study lies at 40.15° N and 103.15° W. The eleva-
tion of the station is 1384 m above mean sea level. The research station
is within a semiarid climate with approximately 420 mm of annual pre-
cipitation. Long-term weather data show that normally about 80% of
the annual precipitation occurs between April and September. Abour
25% of the annual precipitation is received as snow and another 29% oc-
curs as rain in July and August, a critical period for annual summer crop
development. The average daily temperature is 9°C, ranging from —2°C
in January to 23°C in July. The soil is a Weld silt loam (a fine, smectitic, mesic
Aridic Paleustoll). The soil bulk density ranged from 1.30 to 150 gem™? in
the 0- to 1S-cm depth. Soil texture ranged from 37 o 39% sand. 39 to
41% silt, and 22 vo 23% clay in the 0- to 7.5-cm depth.

The ACR plots were initiated in 1990 under various degrees of CL
Rotacions of crops suited for dryland crop production in the Central
Great Plains are the experimental treatments. Each phase of cach ro-
tation was included in cach year of the study. The different cropping
sequences evaluated in chis study are specified in Table 1. The crop rota-
tions were comprised of winter wheat, corn, proso millet, and dry pea,
with or withoue fallow. The crop rotations were compared with peren-
nial grass plots, which were included within the experimental design.
A prairie site was also sampled to provide a benchmark reference of
soil properties. The experimental plots were under long-term cultiva-
tion before the experiment establishment in 1990, whereas the native
prairie, surrounding the research plots, has never been cultivated. The
experiment is organized as a randomized complete block design with
three replications. Because the native prairic was not replicated within
the experimental plots, it was excluded from the seatistical analysis. One
wrop was harvested from the whear-fallow (WF) rotation every 2 yr (0.5
CI): a crop was harvested from the wheat- corn -fallow { WCE) rotations
Zoutof 3yr (0.67 CI): a crop was harvested from the wheat—corn -mil-
let—fallow (WCMF) cotations 3 out of 4 yr (0.75 CI}: and a crop was
harvested from the wheat-corn-miller (WCM) and the wheat-corn-
millet-pea (WCMP) rotations every year (1.0 CI). The perennial grass
plots were originally seeded to 4 mixture of 45% smooth brome ( Bromus
inermis Leyss), 45% pubescent wheatgrass [ Afgropyron trichophorum
(Link) K. Richt.], and 10% alfalfa (Medicago saviva L.} at the start of

the experiment. The alfalfa quickly died, so by the time the samples were
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taken (2003), the plots were almost exclusively grass. The native prai-
rie site has a mixture of blue grama { Boutelona gracilis (Kunth) Lag, ex
Grithths| and butfalo grass [ Boutelona daceyloides (Nure.) Columbus].
Soil was sampled from the expecimental plots, including the grass plogs,
and from three focations in the prairie site. The three native prairic loca-
tions were cach within 100 m south, east, and west of the cdge of ACR
experiment plots. Native praitic samples were included o provide a
benchmark reference of soil propertics.

No-till management was used on all rotation plots except for the
WF rotation, which was managed with both NT {(WF ) and CT
(WEF ) The CT for WF rotation included tillage with three to six
sweep plow operations approximately 8 to 10 vm deep as needed for
weed control during the summer fallow. The plocsice (9.1 m by 30.5 m})
and machinery working widths were such that the wheel tracks for field
operations tollow a controlled wheel trathe pactern. The only soil distue-
bance in untracked arcas was from planting operations, In the NT plots,
chemical weed concrol was used during the fallow and cropping seasons.
A vypical herbicide application scheme consisted of a residual herbicide
application of atrazine {6-chloro. N-cchyl-V/( I-methylechyl)-1.3,5-
triazine-2,4-diamine] after wheat harvest. A burn-down application of
glyphosate [isopropylamine sale of N-(phosphonomethyl)glycine] was
applied shortly before planting che following crop. Several glyphosate
applications were made, as needed, during the fallow period tor weed
control. Wheat planting occurred in mid to late September of cach year
of the study. Corn planting occurred in mid to late May. Millet planting
occurred in late May or early June. Pea planting occurred in carly April.
Wheat, millet, and pea were planted with 0.19-m row spacing and corn
was planted with 4 0.76-m row spacing. Fertilizer N was applied to each
plot according to soil tests obrained each year and the projecred crop
yield. The N source was NH,NO;, broadeast before planting rhe crop
or as a dribble band 7.6 ¢m to the side of the seed row as a 32% N solu-
tion of urea-NH NO;. For wheat only, a starter fertilizer of 11-52-0
(N-P-K) was banded with the seed at plantingat a race of 28 kg P ha™ .

Soil samples were taken in March 2005, which was 15 yr after the
establishment of the ACR research plots. Samples were also taken from
the undisturbed native praiic site. Composite samples consisting of 10
2.5-cm-diam. cores were taken from the 0- t0 5- and 5- to 15-cm depths
of each treatment using an Qakficld soil probe (Forestry Supplies,
Jackson, MS). Sail samples were collected between the rows from each
plot. Wheel-tratficked areas were purposely avoided during sampling,
Soil samples weee placed in sterile polypropylene bags, kepe in coolers
during field sampling, and scored at 4°C afrer collection. The field-moist
soil samples were presieved (6-mm diam.) before wet sieving to remove
stones and coarse organic matter, to homogenize the sample, and to de-
fine the initial dimensions for the aggregate analysis. Soit bulk densicy
was determined concurrendy from core samples taken at the 0- 10 5- and

S-ta 15-cm depths of cach treatment (Grossman and Reinsch, 2002).

Aggregate Size Distributions

Warter-stable aggregates (WSA) were separated using an instru-
ment similar to the modified appararus used by Mikha et al. (2005). The
apparatus was modified and designed o handle scacked sieves (12.7-¢m
diam.) and to allow complete recovery of all pacricle fractions from the

individoal «amples. The aggregare size distribution and the sand-free

WSA were evaluated using the procedure reported by Mikha and Rice
{2004). Aggregates from cach treatments were separated into macro-
aggregate (> 1000, 5001000, and 250-500 m) and microaggregate
(53~250 and 20-53 jum} size fractions.

Particulate Organic Matter

Particulace organic marter was determined using the procedure of
Cambardedla et al (2001). Bricfly, 30 g of aie-dry soif was dispersed in 90 mL
of 5% sodium hexametaphosphate. The suspensions were shaken for 16 h
on a reciprocal shaker. The dispersed soil was passed through a set of
nested sieves having mesh sizes of 1000, 500, 250, and 53 pm. where
the material retained on cach sieve was rinsed unul all materials smaller
than the mesh size had been washed through. The material retained on
cach sieve was transferred into an duminum weighing pan and dried to
a constant weighe at S0°C, The dried muass was recorded to the nearese
milligram. Loss-on-ignition for POM was determined by the mass dif
ference after 4 hin a muffle furnace ar 450°C. The sum of different POM
size fractions (total POM) was used to evaluate the effect of different
CI and rillage on soil POM content. In addition the individual POM
size fractions were used to evaluate the relationship between WSA and
POM within the same size class. The POM was calculated as reported
by Mikha ct al. (2006):

ininal mass mtass of the fracton

of the fracrion afer ignition

oo 1]

inirial mass of the voil kg

g POM kg " votl=—

Soil Organic Carbon

Fifteen years after initiation of this study, the soil pH in the plots
ranged from 4.3 to 5.82 within the 0- to S-cm depth and from S.1 to
6.12 for the 5- to 15-cm depth. Low soil pH (<6) indicates the absence
of soil carbonates. Therefore, we considered all C present within the 0- to
I5-cm depth of the soils to be ()rguﬁic C. Soil organic C was measured
by direct combustion (950°C) using a LECO CHN-2000 (LECO
Corp., St Joseph, M1). Air-dry soils were ground ro a fine powder using

aroller mill, and abouc 0.2 g of ground soil was analyzed.

Statistical Analysis

Statistical analysis of cropping system cffects on SOC, water-
stable macroaggregates, and POM was conducted using ANQOVA, The
Feprotected r-test was used on pairwise comparisons to follow up any
significant findings for cach individual depth, 0 to Sor Sto 15 cm. The
PROC MIXED procedure of SAS Version 8 (SAS Insticute, 1999) was
used for ANOVA and mean separation differences. All resules were
considered significandy different ar 2 < 0.05 unless noted otherwise.
Simple regression models and correlations between SOC and WSA and
berween WSA and POM were performed across al cropping systems
for each individual depeh.

RESULTS AND DISCUSSION
Soil Organic Carbon

Cropping intensity significandy atfected SOC within the
0- 1o 5-cm (£ = 0.03) and 0- to 15-cm (P = 0.03) depths (Fig.
[). No significane differences in SOC were observed between
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B -5 cm
w4 70 5-15¢m
M -5 cm

Soil organic C(Mg € ha ')

WEOR WoFINT) WO P WaOME WeO M WaOMP Grass, Pratere

Fig. 1. Soil organic C as affected by different cropping intensities (W, wheat; F, fallow; C, corn; M, millet, P,
pea) and tillage (CT, conventional tillage; NT, no-till). Lowercase letters represent significant differences (P

previous studies {Halvorson ¢t al,,
* 2002a; Beare et al., 1994 McVay et
al, 2006; Paustian ¢t al,, 19973, the
tillage system here wasa sweep plow,
which minimizes che mixing of crop
residues with the soil. The limired
mixing appeared to reduce the dif-
f ferences in SOC berween the two
tillage treatments.

Within the $- to 15-cm depth,
SOC in cropped soil was not signifi-

cantly atfected by CI, grass, or eillage
practices (Fig. 1). The significant dif-
ferences in SOC (P = 0.03) among
the rotations of various Cls were

more pronounced tor the composite

< 0.05) among cropping intensities at the same depth. All phases of each rotation were sampled. The error (). ¢o 15-cm depeh than for the 5- 1o

bars represent standard errors. tPrairie data were not included in the statistical analysis.

the 1.0 Cl rotations (WCM and WCMP), the 0.75 CI rotation
(WCMF), and the grass plots at the 0- co S-cm and 0- to 15-¢cm
depchs. Similarly, Benjamin et al. (2008) observed no differences
in SOC between a WCM rotation and grass plots at the 2- ro
9.5-cm depth. Significantly greater amouncs of SOC were associ-
ated wich the fully cropped WCM rotation relative to the 0.5 CI
(WErand WF 1) and 0.67 CI (WCF) rotarions (Fig. 1). No
significant differences in SOC were observed between the rota-
tions chat included pea (1.0 CI, WCMP) vs. the summer fallow
rotations with N'T, We assumed chat the fase decomposition race
of pea relative to other crops in the rotations results in less SOC
accumulation after a pea crop.

The relative differences in SOC (Fig. 1) between the 1.0
Cl (WCM rotation), the 0.75 C1 (WCMF rotation), and the
0.67 C1 (WCF rotation) were similar to the results of Bowman
etal. (1999), who also sampled the ACR plots at an earlier date.
Bowman ecal. (1999) showed that the 1.0 Cl retained 17% great-
er SOC than the 0.75 Cl and abour 24% greater than the 0.67 Cl.
Qur data showed thar SOC in the 1.0 CI was 16% greater than
inthe 0.75 Cland 22% greater than in the 0.67 CL Continuous
cropping, WCM, retained significantly greater amounts of SOC
relative to 0.5 Cl, with the other Cls studied having intermedi-
ate values. Halvorson er al. (2002b) also reporred chae includ-
ing fallow in cropping systems, cven with N'T management, may
result in SOC loss. Similarly, Mikha ct al. (2006) reported an
increase in SOC within the 0- to 7.5-cm depth resulting from
decreased fallow frequency. In general, a loss of SOC is likely
to occur during the fallow period (Cihacek and Ulmer, 1995).
Fallow signifies a phase of continued microbial activity and resi-
due decomposition with no crop residue input. Also, soil may be
more susceptible to SOC loss by wind erosion during the fallow
period (Hass et al, 1974). The combination of CT and 0.5 Cl
(WF .t} retained the lower SOC, within the 0- co $-cm depeh,
compared with other Cl rorations except WF 1 and WCF
(Fig. 1). Within the same 0.5 CI rotation, the retention of SOC
with WEyr was not significantly different from WE . Unlike

15-cm depth. Treatment ditferences
in $OC for the composite 0- to 15-cm
depth were the same as those for the 0- to S-cm depeh, which in-
dicates that most of the treatment differences were probably as-
sociated with the 0- to 5-cm depth. Using che native prairie sites
only as a benchmark for comparing cropped plots to undisturbed
prairic, we found that ac any depth, SOC sampled from the na-
tive prairic sites was at least 39% greater than che highes values
measured in the crop rotation experiment. One might speculate
if che measured differences are statistically significant or not;
which we won't do here. The point is that our measurements of
SOC in these rotation and established grass plocs is still talling
short of what we have measured in the native prairie system just
adjacent to this experiment. Given the slow race of SOC seques-
tration in this region, cropping systems may never achieve the
precultivation conditions (Russell ex al., 2005).

Soil Aggregation and Particulate Organic Matter
The aggregare size distribution within the 0- to S-cm depth
was significancly (P < 0.0001) influenced by CI and tillage prac-
tices (Fig. 2). A similar pattern was observed within the 5- to
15-cm depth (data not shown). Depeh had no significane ef-
fect on the aggregare size discribucion with any CI rotations or
grass plots. For the 0.5 CI (WFp vs. WE ), the significancly
greater amount of soil macroaggregaces (> 1000-, 500 1000-,
and 250-500-pm diam.) associaced with WE ¢ was ateributed
to tillage climinacion. In a Ceneral Great Plains regional study,
Blanco-Canqui et al. {2009) also observed greater macroag-
gregate stability associated wich NT than CT. They related the
higher seability to reduced macroaggregate wereability and the
greater kinetic energy required to disintegrate macroaggregares
associated with NT than with CT. Including fallow in the rota-
tion (0.67 and 0.75 CI) significantly reduced the proportion of
macroaggregaces (250-500 jim) compared with the 1.0 Cl rota-
tions (Fig. 2). The fully cropped WCM and WCMP rotations
significantly increased the 250- ro 500-im macroaggregarcs by
32and 27%, respectively, compared with the 0.67 Cl and by 33
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and 32%, respectively, compared with
the 0.75 CL
Aggregates in the 53- to 250-um

O] -

e
class comprised che BICALLST propor- 450
tion of whole soil, followed by ag-
gregares in the 20- to $3- and 250- 200
S00-pim classes (Fig. 2). Relatively ,
more macroaggregates  (S00- 1000 5

(g aggregate kg soil '

and 250-300 pm) were associated [

Sand-tree water stable Aggregaie

with grass chan with the crop rota-

tions, with a corresponding decrease s

in the proportion of microaggregaces i
(20-53 jim) in grass plots relative to
crup roration ploes. John et al. (2008)
obscrved a greater proportion of mac-
roaggregaces in grassland soil com-
pared with a greacer proportion of

microaggregares in cropland.

YZZ3 1000 um
B 5001000 pm

i

Wb O Wal ENTY WeOF Wal MeF WM WOMP s Prarie

BB 250-300 jum
] 53-250 um

53 m

Fig. 2. Sand-free water-stable aggregates in different size fractions within the 0- to 5-cm depth as
affected by different cropping intensities (W, wheat; E fallow; C, corn; M, millet, P, pea) and tillage (CT,

Soil POM was significancly in- conventional tillage; NT, no-till). Lowercase letters represent significant differences (P < 0.05) among

Huenced (Fig. 3) by crop roations ([
< 0.0005), depech (£ < 0.0001), and  error bars
the IWO-way interaction Crop rotacion

* depeh (£ = 0.,0002). Across the rotations and grass treatments,
A greater concencration of POM was associated with the 0- to
S5-cm depth than with the $- to 15-cm depeh. The continuous
cropping rotation WCM significantly increased soil POM ar the
0-to S-cm depth compared with the ocher concinuous cropping
rotation (WCMP) by 17% and continuous grass by 21%. Soil
POM associated with 1.0 CI (WCM) was significantly grearer
than the rocations containing fallow, the 0,50 CI (W-F 1) 0.67
CI{WCF), and 0.75 CI (WCMF) by 53, 29, and 21%, respec-
tively. This indicates thac, in general, the differences in soil POM
among Cl increased as fallow frequency increased in rotations.
"This observacion is consistent with Mikha et al. {2006}, who ob-

served an increase in soil POM level

cropping intensities at the same aggregate size fraction. All phases of each rotation were sampled. The
represent standard errors. tPrairie data were not included in the statistical analysis.

5-15 em), similar o the resules of Six et al. (2002) and Jiao et al.
(2006). The smaller size macroaggregares (250-500 jum) exhib-
ired a different correlation and slope than the larger macroag-
gregates (>1000 and S00-1000 jum) ar both depehs (Fig. 44,
and 4A,). For 0- to 5-cm, the slope of the regression line was
significantly (P = 0.04) greater wich cthe smaller macroaggregates
than with the larger size macroaggregates (Fig. 4A ). Also, for
the same amounte of soil organic matter (SOM), the amoune and
stability of the smaller macroaggregaces were significancly greacer
than for che larger macroaggregates. The greater mass of small
macroaggregates (250-500 um) than larger macroaggregates
could party be due to the disinecgration of large macroaggregates
(> 1000 and 500-1000 pem) induced by slaking. It has been well

with a reduction in tillage incensity

43

and fallow frequency. Numerically, 10 «T; 0-5¢em
the POM measured in the adjacene —
reference native prairic sites were 5 4
2.4 dmes greater than the highese 3 = 0+
values measured in the continuously g_f .
cropped rotation plots. BT

3 E NG
Relation between Soil —3 5 a
Aggregates, Soil Organic § - . b
Matter, and Particulate . ed .
Organic Matter S l & L -

The correlation berween SOC g Lo ) wl_., L

and WSA was affecred by depth and
wggregate size class (Fig. 4). There

was a positive linear correlation (Fig.

Lllll

]

WoE(CF)Y WoF (NT) W oF WOMF o W wWaip Grass Praurie

Fig. 3. Total particulate organic matter (POM) content within the 0- to 5- and 5- to 15-cm depths as
affected by different cropping intensities (W, wheat; F, fallow; C, corn; M, millet, P, pea) and tillage

4“\1 and '*‘\2> between SOC and (CT, conventional tillage; NT, no-tilh). Soit total POM contents were caiculated by the sum of the POM
the quantity of soil macroaggregares  associated with different size classes. Lowercase letters represent significant differences (P < 0.05)

within both depehs seudied (0-5 and

among crapping intensities for the same depth. All phases of each rotation were sampled. The error hars
represent standard errors. tPrairie data were not included in the statistical analysis.
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Soil organic carbon (Mg C ha'')

Fig. 4, Relationship between sand-free water-stable aggregates (WSA) and whole-soif organic C (Mg C ha-
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") as affected by different cropping

intensities and tillage within the 0- to 5-cm depth for (A macroaggregates and (B,) microaggregates, and the 53- to 15-cm depth for Ay
macroaggregates and (B,) microaggregates. The regression lines for Ay and A, group large macroaggregates (>1600 and 500-1000 pm) fractions
together for analysis, where different symbols identify each aggregate size class. The symbols that are circled represent the relationship between
sand-free WSA and SOC from soils collected at the reference prairie site and are included for reference purposes only. The prairie data were not

included in the regression analysis.

documented that some large rmacroaggregates often consist of
clusters of small macroaggregates and microaggregates (Jastrow
and Miller, 1997; Six et al,, 2000). As the macroaggregates in-
crease in size, they become more susceptible to disintegration
due to land use managemenc (Jastrow and Miller, 1997; Six et
al., 1999, 2000) and slaking (Tisdall and Oades, 1982). Indeed,
as SOC increased, the stability of smaller macroaggregates in-
creased significantly and at a faster rate than the scability of the
larger macroaggregates (> 1000 and 500-1000 pm). In the 5- to
15-cm layer, the slope of the regression line for the smaller mac-
roaggregates was not significantly different chan for the larger
macroaggregates (Fig. 4A,).

Low coefficients of determination (0.05-0.3) and nonsig-
nificant relationships were observed between SOC and microag-
gregates (Fig. 4B, and 4B,) at both depths. This indicates chac
the amount of microaggregates measured was not related to the
SOC amount. Previously, Oades and Warters (1991), Jastrow
and Miller (1997), and Six et al. (2000) reported that macroag-
gregates are comprised of clusters of microaggregates. Thus, in-
creasing macroaggregate stability with increasing SOM leads o
reduced macroaggregate disintegration and increased microag-
gregate protection within macroaggregares (Oades and Waters,
1991 Jastrow and Miller, 1997; Six et al., 2000). The prairie
samples were not included in the regression analysis because the
prairie site was not replicated and because the higher SOC val-
ues of the prairie samples would have resuleed in a discontinuous
data set.

To further elucidate the effect of SOM on individual ag-
gregate size fractions as affected by different land management
(CI and grassland), the relationship between WSA and POM
within che same size class was evaluated (Fig, 5). The relation-
ship berween WSA and POM was affected by aggregate size class
and soil depth (Fig. 5). Similar to the relationship between SOC
and WSA, there appeared to be a positive linear correlation ( Fig.
5) berween POM and soil macroaggregates (> 1000, 500—1000,
and 250-500 (1m) within both depths studied (0-5 and 5-15 cm).
This indicates an increase in soil macroaggregates as the soil
POM of the same size class increases. The macroaggregate sta-
bility was significantly and highly correlated with POM at the
0- to 5-em depeh but not at the 5- to 15-cm depth. The 0- o
S-cm depth had a greacer concentration of POM than the 5- to
I5-em depth and chis may explain the stronger relationship. A
negative correlation was observed between POM and microag-
gregates (Fig. 5), which was significant for the 0- to 5-cm depth
but not for the - to 15-cm depth. The prairic data are included
as a reference point for how the relationship berween WSA and
POM changes with cultivation,

CONCLUSIONS

Fifteen years of continuous cropping significantly increased
SOC, soil macroaggregates, and POM rclative to the WEFpand
to WFNT rotations. The presence of pea in continuous cropping
systems did not improve SOC relative to cropping systems that
included a fallow period. The significantly greater amount of soil
macroaggregates (> 1000-, 500-1000-, and 25-500-yum diam.)
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Fig. 5. Refationships between sand-free water-stable aggregates (WSA) and particulate organic matter (POM) are compared within each individual
size fraction at {A) 0- to 5- and (B) 5- to 15-cm depths as affected by different cropping intensities and tillage. The circled symbols represent the
relationship between sand-free WSA and POM from soils collected at the reference prairie site and are included for reference purposes only. The

prairie data were not included in the regression analysis.

assoctated with WFy 4 compared wich WF - was a consequence
of tillage climination. Reduced fallow frequency significantly in-
creased soil POM ar 0 to S em compared with 0.5 CI (WFCT
and \WFNT}. The tully cropped WCM roration significantly in-
creased POM, especially within the 0- to S-cm depth, compared
with the other cropping systems and grass. Macroaggregates ex-
hibited a significant, positive relationship with SOC and POM,
whereas the microaggregares had a nonsignificant relationship
with SOC and POM. Changes in soil properties and SOC in the
Ceneral Great Plains appeared to be slow due to the dry condi-
tions and low biomass production. Crop rotations that include a
tallow period or tillage promoted SOC losses, thus slowing SOC
accumulation and aggregare formation. To improve soil produc-
tivity and sustainability, it would be beneficial o identify the
most suirtable rotations for N'T cropping systems in the Ceneral

Great Plains.
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