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Abstract

Conservation tillage has become a major soil management strategy to reduce soil erosion and improve soil quality, yet the
impacts of crop rotation on soil responses to conservation tillage remain poorly described. We investigated the effects of (i)
perennial grass cover versus annual cropping and (ii) type of break crop in a Wtigetifh aestivum L.)-based crop rotation
system on surface-soil (0—10 cm) structural and organic matter properties towards the end of a decade of continuous manage-
ment on an Albic Luvisol in the cold, semiarid region of northwestern Canada. Soil aggregation was at state to resist water
erosion more under perennial grass (i.e. bromegBssris inermis Leyss.) and red fescu&dstuca rubra L.)) than under
annual cropping systems (mean-weight diameter of 2.1 and 1.6 mm under perennial and annual systems, respectively). Soil or-
ganic C was higher éig C kg* soil versus 38 g C kgt soil), but total soil N was lower (3.5 g Nkg soil versus ® g N kg !
soil) under perennial compared with annual cropping systems. There were few significant differences in soil-structural prop-
erties among the various annual cropping systems. The largest effect was greater light-fraction C and N under continuous
wheat (40 g C kg! soil and 0.7 g N kg~ soil) compared with other rotations, especially wheat-wheat—fallow (2.4 g€ kg
soil and 0.16 g N kg’ soil), as a result of higher residue inputs. Relationships between mean-weight diameter of water-stable
aggregates and biochemical properties were strongest for soil microbial biomass C and soil organic C. Perennial grass cover
exhibited greater potential to preserve soil-structural properties than no-tillage annual cropping.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction and legume- or forage-based crop rotations. The ef-

fects of crop rotations and reduced tillage are often

Various crop management strategies are used tosite-specific Arshad et al., 2002 Factors that can be

increase and sustain crop production and enhanceinfluenced by crop selection and rotation include soil
soil quality. Effective strategies that meet production structure, aggregation, bulk density, water infiltration,
and conservation goals often include reduced tillage water retention, erodibility, and soil organic matter

(Karlen and Cambardella, 1996 he benefits of crop
"+ Corresponding author. Tek+1-780-492-6921; rotation on the quantity and qual.ity of soil organic
fax: +1-780-492-4323. matter are well documentedV€Gill et al., 1986;
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Changes in the quantity and quality of soil organic rilonitic, frigid Mollic Cryoboralf (Soil Survey Staff,
matter resulting from decomposition of crop residue 1996, Albic Luvisol (FAO)) near Beaverlodge, Alta.
inputs depend on the initial level of soil organic matter, (55°12N, 11923W). Soil characteristics (0—20cm)
a variety of soil physical and chemical components, in 1992 were 220gsandkd, 340gclaykg?,
previous cropping, tillage (depth and intensity) history, 38 gorganic Ckg?!, 28 cmokkg™t, and a pH (1:2,
production inputs, weather conditions, and a variety of soil:0.01M CaCj) of 5.1. Long-term mean annual
other factors Campbell et al., 1996 The type of crop temperature is 2C, annual precipitation is 452 mm,
and/or tillage practice also affects soil structure and and pan evaporation is >800 mm. During 11 years of
hydraulic properties. For example, many researchers this study, April through September precipitation was
have reported a significant increase in water-stable 290+ 90 mm.
aggregates within 2—3 years following conversion of
conventionally tilled soil to no-tillage management 2.2. Experimental design and management
(Arshad et al., 1998; Angers et al., 1992; Chan and
Mead, 198%. The experimental design was a randomized,

Loss of soil organic C following cultivation of  complete block design with four replications. Six
grassland has been attributed to the destruction of main-plot treatments included two perennial forages
macroaggregates and subsequent mineralization ofgrown continuously (smooth brom&rpmus inermis
labile organic C, largely from these macroaggregates Leyss.) and red fescud-gstuca rubra L.)), contin-
(Elliott, 1986). Fallow frequency in the semiarid uous wheat Triticum aestivum L.), and three wheat
prairie region has been reported to be the domi- rotations (wheat-wheat—fallow, wheat-wheat—canola
nant factor influencing labile organic matter such as (Brassica campestris L.), and wheat—wheat—pea
light-fraction organic C and N, mineralizable Cand N, (Pisum sativum L.)). Phases of the rotations appeared

and water-soluble QQampbell et al., 1999 Variable in each year resulting in three subplots within each
results in these responses have been a consequenceheat rotation. Plots measuredbdn x 30 m.
of differences in soil moisture, temperature, precipi-  Smooth brome and red fescue were established in

tation, and rhizodeposition among evaluation periods. 1993 by broadcast seeding 16.7 kg haf ‘Carleton’

In the far northern region of the North American smooth brome and 3.7 kg hhof ‘Boreal’ red fescue.
prairies, field experiments were established in the early Grass stands were cut for hay once or twice a year,
1990s to determine the impact of the type of crop pro- depending upon weather conditions. Grass stands
duction system on crop yield, with greater emphasis were unfertilized prior to 2001 and fertilized with
on conservation tillage and legume- and forage-based 150-44-0kg N-P-Kha in June 2001 and with
crop rotations as possible controlling factors. Limited 225-44—0kg N-P—K ha" in June 2002.
data are available on the influence of crop rotations on  All annual crops were sown in the first half of May
soil biochemical attributes and their interaction with at rates of 100 kg hd for wheat, 8 kg ha for canola,
soil physical properties. Our objective was to evalu- and 180 kg hal for pea with a double-disk seed drill
ate the medium-term (10-11 years) effect of several in 0.23m wide rows. Seeding depths were 4cm for
crop rotations managed under no-tillage on soil struc- wheat, 1.5cm for canola, and 6. cm for pea. Agro-
ture, soil organic C storage, and quality of organic nomic practices and production prior to 2000 were de-
C and N. scribed inArshad et al. (1998, 2002 ultivars planted

from 2000 to 2002 were ‘Rablin’ wheat, ‘Reward’
canola, and ‘Carneval’ and ‘Swing’ pea. Fertilization

2. Materials and methods was based on local recommendation and soil test re-
sults. During 2000-2002, fertilization averaged #02
2.1. Ste characteristics 55kgNhal per year and 25 7kgP ha? per year

to each crop. Pea and canola received 50 kg K=$ ha
The experimental site was established in 1992 per year. Crops were harvested during 20-22 Septem-
on an Albright silt loam (Dark Gray LuvisolSil ber in 2000, 20 August to 5 September in 2001, and
Classification Working Group, 19%8fine, montmor- 5-12 September in 2002.
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All crops were managed by harrowing following Net N mineralization was calculated as the differ-
harvest in September—October to evenly distribute ence in inorganic N between 0 and 24 days of incuba-
straw. Prior to planting the following spring, plots tion at 225+ 1°C and near optimum moisture content
were sprayed with glyphosate to control weeds. (30% gravimetric water content). Inorganic N was de-
Seedbeds were not prepared with tillage. The fal- termined from a5 g subsample that was passed through
low phase was managed throughout the year with a 2 mm screen and shaken with 10 ml of 2 M KCI for

glyphosate to control weeds. 1h. The filtered extract was analyzed for NN and
NO3-N + NO,-N using autoanalyzer techniques with
2.3. Soil sampling and analyses a modified indophenol blue method with citrate buffer

and a cadmium reduction method, respectivBiyr{dy

Bulk density was determined in October 2001 by and Meisinger, 1994
compositing five 5cm diameter cores per plot. Dry Rate of water infiltration was determined with a
weight at 105C was divided by volume of cores. Soil  constant-head well permeameter on 23 September
was sampled for most laboratory analyses following 2002 Reynolds et al., 1985 The rate of infiltra-
harvest in August 2002 at the end of 11 years of man- tion was determined from several similar 2—3 min
agement. Samples (2.5 cm diameter) were a compos-estimates following achievement of steady-state infil-
ite of eight cores from each plot representing a depth tration (varying from 22 to 30 min) at five to seven
of 0—10 cm. Soil was air-dried and passed through an locations within a treatment. Soil penetration resis-
8 mm screen. Soil was also collected in September tance was determined by using the Investig&for
1999 in the same manner for determination of light Soil Compaction Meter; probe operated at the rate of
fraction. 2 seconds per 5cm soil depth.

Aggregate-size distribution was determined from
50 g subsamples of air-dried soil directly immersed in 2.4. Satistical analyses
water for 10 min with a stroke length of 35mm and a
frequency of 16 min?. Dry weight (50°C) of soil re- Variance in soil properties among the six main plots
tained on sieves with openings of 4, 2, 1, 0.5, 0.25, and was analyzed using the general linear model proce-
0.13mm was used to calculate mean-weight diameter dure SAS Institute Inc., 1990 Correlation among
(Kemper and Rosenau, 198@he fraction<0.13 mm response variables was tested=¢ 36). Significance
was calculated as the difference between initial and was declared aP < 0.05.
the sum of the other six fractions.

Light fraction was isolated by flotation following
dispersion of soil in Nal solution with a specific grav- 3. Results and discussion
ity of 1.7 Mg m~2 (Strickland and Sollins, 1987Sub-
samples of whole soil, water-stable aggregate frac- 3.1. Perennial grass compared with annual crops
tions, and light fraction were analyzed for total C and
N by standard acid digestion procedures with external  Total organic C in the surface 10cm of soil was
heating Bremner, 1996; Nelson and Sommers, 1996 greater under perennial grass systems (i.e. smooth

Soil microbial biomass was determined with chlo- brome and red fescue) than under annual cropping
roform fumigation—incubation without subtraction of systems (i.e. the four wheat system#) £ 0.001)
a control Jenkinson and Powlson, 1976; Franzlueb- (Table ). The vigorous perennial root system and
bers et al., 1999 Following a 10-day pre-incubation  undisturbed soil cover could have increased C in-
period, a 20 g subsample was fumigated with CHCI put. In addition, opportunities for a longer period of
for 24 h and subsequently incubated at522 1°C in soil water extraction in perennial systems could have
a 11 sealed glass jar for a further 10 days in the pres- reduced soil water content, thereby limiting soil mi-
ence of 10ml of 0.5M NaOH to trap evolved GO  crobial activity and C output. Many research results
Soil microbial biomass C was calculated as the quan- support the conclusion that perennial grass systems
tity of CO, evolved following fumigation, assuming offer greater soil organic matter accumulation than
an efficiency factor of 0.41Mproney and Paul, 1984 conventionally tilled annual cropping systentda@s
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Table 1
Soil chemical and biochemical properties (0-10 cm) at the end of 11 years of management as affected by cropping system near Beaverlodge
Alta.

Soil property Smooth Red Continuous  3-Year rotation of LSkp<0.05
brome fescue wheat
Wheat—-wheat— Wheat—-wheat— Wheat—wheat—
canola pea fallow
Total organic C (gkg') 43 45 39 40 37 37 4
Total N (gkg™1) 3.6 3.5 3.9 3.9 3.8 3.9 0.6
Whole-soil C:N (gg?l) 12.1 12.6 9.8 10.2 9.9 9.6 1.0
Light-fraction C (gkg?t) 2.7 3.2 4.0 3.1 2.8 2.4 0.7
Light-fraction N (gkg1) 0.19 0.22 0.27 0.21 0.19 0.16 0.05
Microbial biomass C 1075 1164 925 855 856 873 91
(mgkg™)
N mineralization 43 30 26 29 23 19 10
(mgkgt per 24 days)
Inorganic N (mgkg?) 58 37 23 28 16 25 23

et al., 1957; Janzen et al., 1998; Cihacek and Meyer, As a result of the variable responses in total organic
2002. However, the annual crops in our study were C and total soil N, whole-soil C:N ratio was higher
seeded with minimum disturbance under no-tillage, with perennial grass systems than with annual crop-
which should have limited decomposition com- ping systems ® = 0.01) (Table 1. The difference
pared with inversion tillage methods. There are also in this ratio either reflected (1) the poorer quality of
some reports available that support our findings of residues left behind following harvest with unfertil-
greater total organic C under perennial grass sys-ized perennial grass systems or (2) the more incom-
tems than under conservation-tilled annual crops plete state of decomposition of substrates provided by
(Ismail et al., 1994; Franzluebbers et al., 1998, perennial grass systems because of lower soil mois-
2000. ture (see later).

Total organic C and N are often highly correlated, For the most part, the more active fractions of
because of the simultaneous utilization of C and N by organic matter (i.e. soil microbial biomass C and po-
microorganisms for energy and nutrient metabolism tential N mineralization) were greater under perennial
(Jansson and Persson, 1R8dowever in contrast to  grass systems than under annual cropping systems
the results of total organic C, total soil N under peren- (P < 0.01), similar to the response of total organic C
nial grass systems was lower than under annual crop- (Table ). Light-fraction C and N were not different be-
ping systems (i.e. group-wise compariséh= 0.05) tween the group-wise comparison of perennial and an-
(Table 1. This reversal of response was likely due nual cropping systems. The difference between peren-
to the limited above-ground productivity potential of nial and annual cropping systems averaged 16% for
the perennial grass systems, because of no N fertil- total organic C, 27% for soil microbial biomass C, and
izer inputs during the first 9 years. Total above-ground 50% for potential N mineralization. This increasing
dry matter production from 1996 to 2000 averaged degree of relative change with more active fractions of
2.33+0.62 and 741+ 1.67 Mgha! per year under  organic matter was similar to that reported at a nearby
perennial and annual systems, respectively. Following site comparing medium-term changes due to tillage
fertilization of perennial grass beginning in 2001, to- managementHranzluebbers and Arshad, 19%6a
tal dry matter production averagedl3 + 1.23 and Soil physical properties under perennial grass
5.214+0.75Mgha ! per year under perennial and an- systems tended to be slightly improved compared
nual systems, respectively. Fertilization of bromegrass with those under annual cropping systeral{es 2
with N has been shown to increase soil organic C se- and 3. Rate of water infiltration, fraction of soil as
guestration Klyborg et al., 199, likely due to stimu- large macroaggregates (>1 mm), and mean-weight di-
lation of C input. ameter of water-stable aggregates were greater under
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Table 2
Water-stable aggregate (WSA) distribution, mean-weight diameter, and C and N concentrations of water-stable aggregate fractions from
surface soil (0-10cm) at the end of 11 years of management as affected by cropping system near Beaverlodge, Alta.

Soil property Smooth Red Continuous  3-Year rotation of LSp<0.05
brome  fescue wheat

Wheat-wheat— Wheat-wheat— Wheat-wheat—

canola pea fallow
WSA mass, 1-8mm (gd) 0.56 0.53 0.45 0.40 0.41 0.41 0.09
WSA mass, 0.25-1mm (gg) 0.29 0.27 0.27 0.35 0.30 0.32 0.05
WSA mass,<0.25mm (gg?l) 0.16 0.20 0.28 0.25 0.29 0.27 0.07
Mean-weight diameter (mm) 2.1 2.2 1.8 15 1.7 1.6 0.4
Aggregate C, 1-8 mm (gkd) 18 19 16 15 15 15 3
Aggregate C, 0.25-1mm (gkd) 10 10 11 14 11 12 2
Aggregate C,<0.25mm (gkgl) 15 15 11 10 10 10 4
Aggregate N, 1-8mm (gkd) 2.0 1.9 1.7 15 15 15 0.4
Aggregate N, 0.25-1mm (gkg) 11 1.0 1.0 14 1.2 1.2 0.2
Aggregate N,<0.25mm (gkg?) 0.6 0.7 1.2 0.9 11 12 0.5
perennial than under annual cropping systems<( lower soil water content at the time of sampling un-

0.01). The fraction of soil as small macroaggregates der perennial than under annual cropping. Penetration
(0.25-1mm) and as microaggregates0(25 mm) resistance and soil water content are inversely related
was lower under perennial grass than under annual (Busscher et al., 199,/suggesting that if soil mois-

cropping systemsK = 0.03 and P = 0.001, re- ture conditions were similar there may not have been
spectively). Soil bulk density was not different, but a significant change in soil penetration resistance
penetration resistance was greater under perennialbetween the perennial and annual cropping systems.
than under annual cropping systems at several soil The positive effect of perennial grass systems com-
depth increments. The only negative change in soil pared with annual cropping systems on total organic
physical properties with perennial grass managementC could be isolated as increases in C within large
was due to increased penetration resistance, particu-macroaggregates (>1 mmp (= 0.03) and microag-

larly at the soil surface. This may have been due to gregates €0.25mm) ¢ = 0.01) and a decrease

Table 3
Bulk density of surface soil (0—10cm) in October 2001, water infiltration in September 2002, and soil penetration resistance and water
content in June 2002 as affected by cropping system near Beaverlodge, Alta.

Soil property Smooth Red Continuous  3-Year rotation of LSp<0.05
brome fescue  wheat

Wheat—-wheat— Wheat-wheat— Wheat-wheat—

canola pea fallow
Bulk density (Mg nT3) 1.20 1.12 1.20 1.19 117 117 0.11
Water infiltration (mmh?) 0.23 0.17 0.13 0.18 0.17 0.13 0.16
Resistance, 0-5cm (MPa) 2.3 2.4 1.3 14 15 1.3 0.7
Resistance, 10-15cm (MPa) 2.1 1.6 1.7 1.8 1.8 1.4 0.4
Resistance, 20-25cm (MPa) 2.4 2.0 2.0 2.5 1.8 1.5 0.4
Resistance, 30-35cm (MPa) 2.9 2.2 2.6 2.9 2.2 1.8 0.7
Resistance, 40-45cm (MPa) 4.5 3.1 4.0 4.5 3.4 2.7 1.3
Soil water, 0-5cm (ggh) 0.19 0.28 0.28 0.23 0.28 0.27 0.05
Soil water, 10-15cm (ggf)  0.22 0.29 0.27 0.27 0.30 0.28 0.04
Soil water, 20-25cm (ggt)  0.23 0.27 0.27 0.24 0.26 0.28 0.08
Soil water, 30-35cm (ggf) 0.22 0.26 0.26 0.25 0.30 0.29 0.05

Soil water, 40-45cm (gg)  0.24 0.29 0.25 0.23 0.25 0.29 0.04
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in small macroaggregates (0.25-1mn® & 0.05) pea, or wheat. Therefore, the lower resistance and
(Table 2. Total N of large macroaggregates (>1 mm) higher water content in the fallow rotation could be at-
under perennial grass systems was also greater thartributed to moisture conservation accumulated during
under annual cropping system# (= 0.01). How- the previous year.
ever, the lower whole-soil total N concentration The overall lack of significant differences among
under perennial grass systems compared with an-wheat rotation systems suggests that relatively small
nual cropping systemsT@ble 1) occurred due to  diversity changes during a 3-year rotation sequence
a non-significant reduction in small macroaggre- under no-tillage in this cold, semiarid environment
gates and a significant reduction in microaggregates had little effect on long-term soil properties. These
(<0.25mm) (P = 0.01). These results corroborate results contrast with several previous studies that indi-
previous literature, suggesting that sequestration of cate significant changes in soil organic C and biolog-
organic C and N with no-tillage occurs preferentially ical activity with crop rotations, especially with bare
in macroaggregate<Cémbardella and Elliott, 1993; fallow in the rotation Campbell et al., 1995, 1999;
Franzluebbers and Arshad, 1996b Peterson et al., 1998The reason our results differed
There were very few differences in soil properties from those of others may be a result of differences in
between smooth brome and red fescue. A notable dif- tillage management. There are few studies available
ference between perennial crops was lower penetrationfor comparison, but no-tillage management of crop
resistance below 10 cm due to higher soil water con- rotations may be a variable that subdues effects of
tent under red fescue compared with smooth brome crop diversity on soil physical, chemical, and biologi-
(Table 3. Red fescue rooting activity could be consid- cal properties. In support of this hypothesis, the coef-
ered less aggressive than smooth brome in this region,ficient of variation among crop rotations was greater

resulting in moist soil for a longer period of time. under conventional tillage than under no-tillage for
the portion of C input sequestered as soil organic
3.2. Comparisons among wheat rotations C (45% versus 7%) and for potential C mineraliza-

tion (21% versus 16%) in a 10-year study in Texas

Except for light-fraction C and N, none of the chem- (Franzluebbers et al., 19R8urther, the relative dif-
ical and biochemical soil properties were significantly ference in soil properties due to crop rotation was
affected by wheat rotation system. Light-fraction C similar between conventional and no-tillage manage-
and N were both greater under continuous wheat than ment systems for soil organic C and N, but greater
under other crop rotations, but especially greater than under conventional tillage for soil microbial biomass
under the rotation with fallowTable 7). Continuous C and potential C mineralizationCémpbell et al.,
wheat straw input each year has been shown to im- 1999. As a contrast to this hypothesis, the coefficient
prove light-fraction C and N in other studies from of variation in soil properties among crop rotations
western Canadalénzen et al., 1998; Liang et al., in long-term plots in Ohio was lower under conven-
2002. tional tillage than under no-tillage for bulk density

Small macroaggregates (0.25-1mm) under the and aggregation_@l et al., 1994 and for various soil
wheat—wheat—canola rotation contained greater quan-enzyme activitiesfick, 19849.
tities of C and N than under wheat-wheat—pea and
continuous wheatTable 2. It is not clear why this  3.3. Relationships among soil properties
would have occurred.

Few significant changes in soil physical proper-  Among 11 soil properties measured during the 11th
ties occurred due to wheat rotation systehates year of this study, soil microbial biomass C was signif-
2 and 3. Penetration resistance was lower in wheat— icantly correlated with the most other properties (i.e.
wheat—fallow rotation below 10cm compared with 7) (Table 4. The number of significant correlations
other wheat rotations, which could be attributed in with other soil properties was six for soil organic C and
most cases to higher soil water contefialfle 3. large macroaggregates (>1 mm) and five for microag-
These measurements in June 2002 were taken from un-gregates €0.25 mm), light-fraction C and N, and po-
der the first wheat crop following either fallow, canola, tential N mineralization. The strongest correlation oc-
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Table 4
Correlation matrix among soil physical, chemical, and biological properties collected at the end of 11 years of management in August and
September 2002 (0-10 cm depth)=£ 36)

Soil property BD MWD LMA SMA MICRO SOC TSN LFC LFN PMN SMBC
BD — -0.12 —-0.20 0.15 0.14 —-0.20 0.28 0.19 0.16 -0.16 -0.38
MWD ns? - 0.85 0.63 -0.61 0.19 -0.22 -0.07 -0.07 0.24 0.43
LMA ns ok - —-0.61 -0.81 0.34 -0.15 0.01 0.02 0.34 0.52
SMA ns ok ok - 0.03 0.15 0.40 0.11 0.14 -0.14 -0.16
MICRO ns ok ok ns - —0.54 —0.10 —0.09 —-0.12 —-0.34 —0.52
SOC ns ns + ns ok - 0.12 0.53 0.56 0.42 0.73
TSN ns ns ns + ns ns - 0.31 0.28 -0.08 —-0.03
LFC ns ns ns ns ns ok + - 0.98 0.29 0.32
LFN ns ns ns ns ns ok + ok - 0.28 0.33
NMIN ns ns + ns + o ns + + - 0.27
MBC + ok EEEY ns skoksk koK ns + + ns _

aBD: bulk density (Mg nT2 soil); MWD: mean-weight diameter following slaking in water (mm); LMA: large water-stable macroaggre-
gates, >1 mm (gg* soil); SMA: small water-stable macroaggregates, 0.25-1.0 mmYgagil); MICRO: microaggregates0.25mm (g gt
soil); SOC: soil organic carbon (gkg soil); TSN: total soil nitrogen (gg* soil); LFC: light-fraction C (gg* soil); LFN: light-fraction
N (gg* soil); NMIN: potential nitrogen mineralization (mgKg soil per 24 days); MBC: soil microbial biomass carbon (mg goil).

bns: not significant.

** Significant atP < 0.01.

*** Significant atP < 0.001.

+ Significant atP < 0.1.

curred between light-fraction C and light-fraction N, macroaggregates enriched in C pools compared with
indicating the connection between light-fraction quan- microaggregatesHlliott, 1986; Beare et al., 1994;
tity and quality. It is interesting to note that the correla- Franzluebbers and Arshad, 1997
tion between whole-soil C and N was not at all signif- Soil organic C had strong positive correlations with
icant, indicating the uncoupling in organic matter dy- light-fraction C and N and soil microbial biomass C,
namics that occurred because of differences in C inputs which are relatively small, but key biologically active
and N inputs between previously unfertilized perennial components of soil organic matter. Strong correlations
grass systems and continuously well-fertilized annual among these organic matter pools have been reported
cropping systems. before Janzen et al., 1992; Biederbeck et al., 1994;
Strong positive correlations occurred between Franzluebbers et al., 1994
mean-weight diameter and large and small macroag-
gregates, primarily because of the high concentration
of macroaggregates and the large influence that these4. Conclusions
larger diameter aggregates have on the calculation
of mean-weight diameterTéble 4. The negative At the end of 10 years of management, surface-soll
relationship of microaggregates with large macroag- (0—10cm) aggregation was at a state to resist water
gregates was likely due simply to elimination, i.e. if erosion more under perennial grass (i.e. bromegrass
soil macroaggregates remained water-stable then thisand red fescue) than under annual cropping systems.
precluded them from contributing to the microag- It is likely that continuous vegetative cover through-
gregate pool. The negative relationship of microag- out the year and vigorous root growth helped preserve
gregates with soil organic and microbial biomass C organic matter and promote aggregation. There were
indicates that microaggregates@.25 mm) did not few significant differences in soil-structural proper-
accumulate total and biologically active organic mat- ties among the various annual cropping systems. The
ter pools to the same degree that macroaggregatedargest effect was greater light-fraction C and N un-
(>0.25 mm) did. Slaking of soil in water often leads to der continuous wheat compared with other rotations,
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especially wheat—-wheat—fallow, as a result of higher
residue inputs. Despite somewhat lower quality of
soil with annual than with perennial cropping sys-
tems, high productivity of cereal production could be
achieved with little indication of dramatic detriment

to the soil and the surrounding environment, should
conservation tillage management without bare fallow
be employed.
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