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ABSTRACT 
Soil physical properties were evaluated at three sites (one native and two 

cultivated) in an area of hummocky terrain. The native site possessed the most 
favorable physical conditions and some of the soil physical properties at the native 
site displayed a spatial pattern related to their landscape position. Cultivation 
resulted in a deterioration of soil physical properties while a spatial pattern was 
found to be: (i) not present, (ii) created or (iii) maintained as length of cultivation 
was increased. 

INTRODUCTION 
The physical status of soil is an important component of soil quality. 

Therefore, in order to evaluate the suitability of soil for agriculture, soil physical 
properties should be examined. For the evaluation to be representative of all 
agricultural areas the soil properties of interest must be examined over the complete 
range of cultivated landscapes including areas with variable topography. 

, In areas of variable topography subject to cultivation, variations in soil 
properties represents the combined influence of topography and cultivation. To 
isolate the impact of topography on soil properties, sites that have not been subject 
to ~ultivation must be evaluated These sites represent the pre-agricultural condition 
of the landscape and will provide infonnation on inherent differences present before 
the introduction of cultivation. As indicated by Daniels et al (1987), recognizing 
inherent differences in the landscape prior to cultivation is essential if the impacts of 
cultivation are not to be misunderstood . 

., In order to evaluate the impact of cultivation and topography on soil 
physical properties a study was carried out in an area of hummocky terrain. 
4\1dscape position effects were isolated by examining a native site while the impact 
of of cultivation was assessed at sites that had been cropped for 14 and 80 years. 
This report presents the results for the 0-15 em depth. 

MATERIALS AND METHODS 

Site selection and characteristics 

The study area was located near Lanigan, Saskatchewan. Three sites were 
chosen for this study; a native site (grazed) and 2 cultivated sites. The cultivated 
sites illustrated distinct differences in management history. One of the cultivated 
sites was broken in 1910 and has been managed under a rotation including frequent 
fallow periods while the second site was broken in 1977 and has been continuously 
cropped. In subsequent discussions the 1910 site and the 1g]7 site will be referred 
to as ClO and C77, respectively. 

Landscape in the study area is classified as hummocky, characterized by 
gently sloping terrain (ie. slope gradients of 2-3 %). Soils are predominantly in the 
Oxbow soil association and fonned on glacial till deposits. 

Field metlwds 

At each site three landscape positions were sampled. The landscape 
positions examined represent areas of soil loss (divergent shoulder- DSH), soil 
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gain (convergent footslope- CFS) (Pennock and de Jong, 1990), and limited soil 
loss or gain (intermediate level- IL). The landform positions are separated based on 
differences in gradient, profile (downslope) curvature, and plan (across-slope) 
curvature. Further details on the classification scheme can be found in Pennock et al 
( 1987). The DSH, IL, and CFS landscape positions occur In the field on knolls, 
midslopes and lower slopes, respectively. 

Ten replicates of each landscape position were randomly selected and 
sampled at each site. The sampling procedure involved collecting undisturbed cores 
and bulk samples. Cores were obtained from depths of 0-15 em and 15-30 em 
while bulk samples were taken from the o-15 em depth. For this report only the 
results of the 0-15 em depth will be presented and discussed. 

RESULTS AND DISCUSSION 

Aggregate stability 

Management regime has strongly-influenced aggregate stability (Table 1). 
Aggregates at all three landscape positions at the native site were very stable. At the 
C77 site aggregate stability was reduced by less than 15% at all landscape positions 
compared to the native site. Decreases in aggregate stability were significant for the 
IL and CFS positions. Large decreases in aggregate stability were found for the 
ClO site; especially on the divergent shoulder position where stability was reduced 
by about 50 percent as compared to the native site. 

Table 1: Stability of 1-2 mm aggregates for landform positions at the three study 
sites. All values reported in percent z. 

Site 

Native 

C77 

ClO 

Divergent 
shoulder 

85.9 ± 8.2 aY 

79.4±7.5 a 

40.5± 12.7 b 

z Values are mean± SD, n = 8-10. 

Intermediate 
level 

90.6±2.9 a 

82.1 ± 11.0 b 

60.5 ± 11.6 c 

Convergent 
footslope 

86.7 ±9.4 a 

75.5±7.8 b 

58.3 ± 17.7 c 

y Within columns, values followed by same letters are not significantly 
different at p < 0.10 

The results indicate reductions in aggregate stability when cultivation is 
introduced. However, aggregate stability measurements for the C77 site remain 
quite high despite the 15 year cultivation period. The results also indicate that 
aggregate stability within the native and C77 sites was similar.The small reduction 
in aggregate stability at the C77 site and the absence of a clear landscape patten at 
the native and C77 sites may be related to the quantity of organic material present. 
Aggregate stability increased in a curvilinear relationship to percent organic carbon 
(Rgure 1). These results are consistent with Tisdall and Oades (1982) who noted 
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that aggregate stability values do not increase once a certain soil organic carbon 
content is present. In soils of the semi-arid region of North America, Kemper and 
Koch (1666) also determined a curvilinear relationship between aggregate stability 
and organic matter conten~r'''' ' · · 

A landscape pattern was more clearly established at the C10 site as 
aggregate stability is lower on the shoulder position as compared to the lever and 
footslope positions. The 50 percent reduction in aggregate stability relative to the 
native site reveals the negative impact of long-term soil erosion on stability of soil 
aggregates. The results for the ClO site are similar to those of Pierson and Mulla 
( 1988) who examined aggregate stability across several landscape positions in 
cultivated fields of the Palouse Region of Washington. Aggregate stability was 
significantly lower on the upper slope positions compared to positions downslope 
(Pierson and Mulla, 1988). 
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Figure 1: Relationship between organic carbon and aggregate stability of 1-2 mm 
aggregates at the three study sites (r2 = 0.67, p < 0.01). 

Bulk Density 

Bulk density of the 0-15 em samples was higher on the cultivated sites as 
compared to the native site (Table 2). When averaged across all landscape 
positions, bulk density for the native, C77 and ClO sites were 0.85, 1.07, and 1.30 
Mg ha-l respectively. At all sites, bulk density decreased moving downslope from 
the DSH landform position. 

Increases in length of cultivation resulted in significant increases in bulk 
density at all landscape positions. The divergent shoulder (DSH) position had the 
greatest increase (30%) in bulk density occur as length of cultivation increased from 
14 to 81 years (ie. C77 to ClO). In contrast, the intermediate level (IL) and 
convergent footslope positions (CFS) had the largest increase (33%) in bulk density 
occur within the first 14 years of cultivation (ie. native to C77). 

Increases in the bulk density of surface horizons of cultivated soils has been 
attributed to lower organic carbon concentrations (Bauer and Black, 1981; Blank 
and Fosberg, 1989). Loss of organic matter results in poorer aggregation and 
reduced pore space thus increasing bulk density (Blank and Fosberg, 1989). The 
favorable impact of organic matter on bulk density is illustrated in Figure 2. The 
combined data for the three sites indicates a linear relationship between bulk density 
and organic carbon. 
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Table 2 : Bulk densities (Mg m-3) for landform positions at the three study sitesz. 

Site 

Native 

C77 

C10 

Divergent 
shoulder 

1.01 ± 0.13 aY 

1.13 ± 0.11 b 

1.47 ± 0.09 c 

z Values are means± SD, n = 8-10 

Intermediate 
level 

0.80 ± 0.14 a 

1.07 ± 0.10 b 

1.25 ± 0.12 c 

Convergent 
footslope 

0.75± 0.20 a 

1.00 ± 0.05 b 

1.17 ± 0.09 c 

y Within columns, means with different letters are significantly different at 
p < 0.10 
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Figure 2 : Relationship between organic carbon and bulk density at the three study sites 
(r2 = 0.77, p < 0.01). 

Moisture retention characteristics 

Cultivation has strongly impacted water retention characteristics of the 
Lanigan soils (Figure 3). Significant differences in volumetric water content (VWC) 
for different lengths of cultivation were found over the range of tensions used in 
this study. Generally, VWC decreases as length of cultivation increases. Exceptions 
to this trend occur at higher tensions where moisture content was not directly related 
to length of cultivation (eg. CFS landform position). 

Moisture retention characteristics at low tensions (ie. < 100 kPa) provides 
information on soil structure. The water retention characteristics determined in this 
study indicates that cultivation has degraded the structure of the soils at all 
landscape positions. TheIL and CFS positions had the largest decrease in water 
retention characteristics occur within 14 years of cultivation. For the DSH position 
increases in length of cultivation from 14 to 81 years resulted in a large, continued 
decline in water retention characteristics. The trends noted for VWC at low tensions 
parallel the results determined for bulk density. 

At higher tensions (ie. > 100 kPa), moisture differences become less 
pronounced between cultivation regimes at all landscape positions. Water 
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characteristics at higher te~jonsis less affected }?)',,structure and more by factors 
which affect the specific surface area of soil (Hillel, 1982). Therefore, noted 
differences in moisture retention characteristics can result from texture and organic 
matter contrasts. Reduced !~~~lspforganic matterJound under cultivation would be 
expected to contribute to tlie lower water holding capacity of the C77 and ClO sites 
at the higher tensions. Textural data (not provided) generally ~vealed no significant 
differences in particle size distribution between sites although a wide degree of 
variability within landform elements was noted. 

The moisture retention data also indicates that a spatial pattern is present 
within the three study sites. At a particular tension, moisture content increases 
moving downslope. After 80 years of cultivation, contrasts in the water retention 
characteristics between different landscape positions have been enhanced, 
especially at the lower tensions. Increased differences between landscape positions 
on the C10 site is attributed to the substantial reduction in water holding capacity at 
the DSH position. 
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Figure 3: Moisture retention curve at the three study sites (a) divergent shoulder (b) 
intermediate level (c) convergent footslope. Each point on a curve represents the mean 
value of 6-10 replicates. 

Saturated hydraulic conductivity 

Saturated hydraulic oonductivity (k-sat) measurements were characterized 
by a log normal frequency distribution. As a result a nonparametric multiple 
comparison test was used to examine the presence of statistical differences between 
management regimes. 

Length of cultivation did not significantly impact saturated hydraulic 
conductivity for any of the landscape positions examined (data not presented). At 
the IL position a trend for increased k-sat measurements on the two cultivated sites 
compared to the native site was present. Trends for the CFS and DSH positions 
were not consistently related to length of cultivation. Thus, despite significant 
differences being present in total pore space (from bulk density data) there appears 
to be no difference in the ability of the soils to transmit water. 

An important characteristic of k-sat measurements is the high degree of 
variability that is commonly present. The coefficient of variability (CV= (standard 
error I sample mean) * 100) forK-sat measurements can typically range up to 
200%. The CV values determined in this study ranged from 55 to 120% (results 
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not shown) and would have contributed to the absence of significant differences 
between management regimes at the landform positions examined 

SUMMARY 
Cultivation has reduced the physical quality of soil at all landscape positions 

studied. The CFS and IL landscape positions revealed the greatest percentage 
change in bulk density and moisture retention characteristics within the fll'St 14 
years of cultivation, however, the DSH position showed the greatest percentage 
change as length of cultivation increased from 14 to 80 years. Aggregate stability 
was reduced by less than 15% on the en site compared to the native site. 
However, after 80 years of cultivation aggregate stability was substantially lower at 
all landscape positions. Saturated hydraulic conductivity measurements were 
characterized by a large degree of variability within a given landform element and 
significant differences were not detected as length of cultivation increased. 

The soil physical properties examined could be placed into one of three 
categories: ( 1) absence of a landscape pattern under native and cultivated conditions 
(i.e. saturated hydraulic conductivity) ; (2) landscape pattern present under native 
and cultivated conditions (i.e. bulk density, water retention properties); (3) absence 
of a landscape pattern under native vegetation but present after 80 years of 
cultivation (i.e. aggregate stability). 
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