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Abstract
Soil properties and crop characteristics were measured in a two-year study at Indian Head,
Saskatchewan. A one-acre sampling grid (308 sampling points) was established in eight plots
representing phases of a canola-wheat-pulse-wheat rotation. Spatial and statistical variability of
soil nitrate nitrogen, phosphorus and potassium were related to crop yield, hyperspectral
reflectance (460, 510, 560, 610, 660, 710, 760, 810 nm) and radiation transmitted through the
leaf (650 and 940 nm). Soil nitrate-N, depth to primary and secondary carbonates varied
throughout the field and appeared to reflect a combination of erosion and tillage. Slight to
moderate salinity was observed in a depression, located in the centre of the field.
Introduction
A partnership of farmers, scientists, industry and government was formed to evaluate
precision farming concepts on a farm size scale in an unbiased, practical and environmentally
responsible manner. Variable-rate fertiliser management systems can improve efficiency of
fertilizer use and environmental sustainability. Adoption of this technology has been hampered
due to the difficulty of classifying fields into management units, the high cost of sampling soils
on a grid basis, and the variability of soil and plant properties in the landscape. Technology for
variable rate fertilizer systems is available, but there is little information related to yield response
in glacio-lacustrine soils. In order to accomplish this objective, a study was located on a 307acre site located near Indian Head, Saskatchewan.
Methods
The overall objective of the project is to study cost-effective ways of assigning management
units relative to grid sampling and to evaluate the economic merits of precision farming. The
objective will be addressed in a wide range of research activities:
1. Soil variability related to surface curvature and landscape position
2. Crop yield related to soil variability and variable management
3. Remote sensing, soils information and digital elevation maps for landscape
classification and variable management

4. Economic return of precision farming
5. Control systems for field equipment.
In spring 1998, soil properties and elevation were surveyed at the site. Eight cropping blocks
were established in a cereal-oilseed-cereal-pulse rotation (Figure 1), and yields recorded with a
yield monitor. In fall 1998, soils were sampled to 90 cm in a one-acre grid survey (308 sites) to
determine the variability of soil properties at the site. Nitrate-N, sulphate-S, P, K, pH and
conductivity were measured. Additional deep coring was conducted to characterize distribution
of soil nitrates. Soil conductivity was mapped with an EM38 to determine the distribution of
salinity. Yield data were collected with a yield monitor. Infra-red, black and white, and satellite
images were also obtained for the site.
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Figure 1. Crop blocks for 1999. w-wheat, c-canola, p-peas
The field was in a spring wheat-fallow cycle prior to initiation of the field study. In years
prior to 1998, phosphate P fertilizer was added during cropping years at a rate of 40 lb/ac (11-510) with the seed.

Discussion
Landscape at the site is relatively level to very gently undulating and occasionally inclined. A
large part of the field tends to slope or drain towards a shallow draw running across the field
from the west to the northeast.
Most of the soils at site belong to the Indian Head soil association, which is defined as a
group of Chernozemic Black soils developed on uniform clayey lacustrine deposits. In some
cases these soils are relatively shallow (less than one metre thick) and are underlain by loamy or
clayey water-modified glacial till. These soils are simply referred to as shallow Indian Head
soils underlain by glacial till. At the south end of the field, where the glacial till becomes
extremely shallow or outcrops at the surface, the soils formed in these parent materials are
referred to as either Edgeley or Oxbow soils. The soils belonging to the Edgeley soil association
are dominantly Chernozemic Black soils formed in a mixture of loamy to clayey, water-modified
glacial till, while Oxbow soils are Chernozemic Black soils developed on loamy glacial till.
There were also some saline soils encountered along the gully in eastern portions of this area.
Observations made during the spring survey were confirmed by analyses from grid sampling
at the site. Analysis of horizontal surface curvature and predicted overland flow indicates most
of the water moves toward the gully due to the presence of long shallow channels (Figure 2).
Slight to moderate salinity (2-8 mS cm-1) was measured in the gully and was attributed to a
shallow water table.
Depth to primary and secondary carbonates varied considerably throughout the field (Figure
3) and appeared to reflect a combination of erosion and tillage. Thick deposits of noncarbonated soils were observed at the west and east boundaries of the field, in addition to several
locations in the middle of the field. These deposits were attributed to wind-eroded soil, which
collected in fence lines, and to soil movement due to the effect of tillage management.
A large area in the centre of the field also had lower pH with higher available phosphorus.
Wind blown soil may have accumulated in this part of the field during severe wind erosion
events in the 1930. In addition, manure spread in 1920 may have increased soil phosphorus in
this area.
Slight to moderate salinity was observed in a depression, located in the centre of the field.
Soil nitrate-N was high in some localized areas (Figure 4), while variability of potassium was
similar to that of phosphorus. Canola yield in field 1 (Figure 5) appear to be correlated with
higher levels of soil nitrate and phosphorus on the east edge of the field. There also appears to be
a correlation between yield and Normalized Difference Vegetation Index (NDVI). Further
statistical analyses are required to confirm these relationships.

1400.00

1200.00

1000.00

Northing (m)

800.00

600.00

400.00

200.00

0.00

0.00

400.00

600.00

Easting ( m)

Figure 2. Horizontal curvature and direction of overland flow. Convergence Dark, Divergence
Light, Arrows represent direction of slope
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Figure 3. Depth to carbonates (cm).
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Figure 4. Soil nitrate-N for 0-15 cm depth in study area.
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Figure 5. Canola yield (bu ac-1) in field 1, 1999.

Conclusions
Future research will determine if management units can be developed based on the variability
of soil properties in glacio-lacustrine landscapes. This research will integrate information for
crop yield, soil properties and remote sensing. The economics of variable management will be
assessed as part of this research.
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