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ABSTRACT 
Soil variability must be characterized if comprehensive, farm-scale management 

plans are to be developed in Saskatchewan. It has been suggested that image analysis of 
scanned black and white air photos could be used as a cost-effective method to 
characterize the variability of soils at the quarter-section scale. We examined the 
variability of soil groups and properties within a quarter-section mapped as a Oxbow 
association using field sampling and image analysis. The tonal variations within the 
scanned air photos were closely related to the organic carbon and inorganic carbon levels 
of the surface soil increment, and distinctive ranges of organic and inorganic carbon were 
in turn associated with the soil subgroups at the site. The image analysis resulted in a soil 
map of the quarter-section with a minimum cell resolution of 5m2. This technique holds 
considerable promise for extending the current series of 1: 100 000 soil maps for the 
province to the quarter-section scale. 

INTRODUCTION 
·:,The Saskatchewan Soil Survey currently provides soil information at a scale of 

approXimately one to one hundred thousand. However, the resolution of this soil mapping 
fails to provide detailed information for the most commonly used agricultural management 
unit, the quarter-section. 

The objective of this study is to develop a cost efficient method of characterizing 
and mapping the variability of soils at the quarter-section scale using image analysis of 
scanned black and white air photos. The relationship between soil subgroups and tonal 
variations in a scanned air photo is established by examining relationships between soil 
subgroups, pedogenic properties and Munsell colour. First, the soil subgroups can be 
related to distinct Munsell colours. Second, the factors controlling soil colour will be 
identified. Soil colour is of interest because it may allow soil subgroups to be mapped 
using image analysis of panchromatic air photos. Third, the relationship between Munsell 
colour and the gray tones on an air photo, expressed as digital numbers using image 
analysis, will be examined. Fourth and finally, the association of characteristic ranges of 
digital numbers with observed soil subgroups will be determined. These ranges of digital 
number will enable us to classify and map soil subgroups using image analysis of scanned 
air photos. 

MATERIALS AND METHODS 

Study Site 
The quarter-section studied is located in the Black soil zone near Lanigan, 

Saskatchewan and is owned by Mr. J. Kresse. This field has Oxbow loam soils on gently 
sloping, hummocky terrain. The actual sampling site covers approximately 400 m by 400 
m of the northeast portion of the field. 

Field Methods 
The exact dimensions ofthe quarter-section were determined using a theodolite 

and standard surveying techniques. A sampling site designed to capture the variability of 
the soils across the landscape was constructed using a 9 by 8 sampling grid with a spacing 
of 40 m for a total of 72 sampling points. Soil profile descriptions and 0-15 em samples 
were collected at each of these sampling points using a Dutch auger. The wet and dry 
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Munsell colour was also noted for each soil sample. Finally, a detailed survey of the grid 
and surrounding topography was conducted to create a spatially referenced data set. 

Laboratory Methoczy 
The surface samples were air dried and then ground to pass through a 2 mm sieve. 

Inorganic carbon (% by weight) was measured using the Gravimetric method (Allison and 
Moodie, 1965). Organic carbon(% by weight) was determined using the modified 
Mebius procedure (Nelson and Sommers, 1982). A 1:1 soil-water suspension was used to 
measure the electrical conductivity and pH. 

Image Analysis 
An air photo with approximately a 1 :30000 scale was obtained for the site from the 

Central Survey and Mapping Agency in Regina, Saskatchewan. This photograph was then 
scanned into a computer and the quarter-section of interest was extracted, enlarged by 
200%, and saved as a digital image. Digital images are composed of two dimensional 
array of pixels or grid cells. The minimum resolution of each pixel is 5 m2. The tone or 
colour of each pixel is then expressed as a digital number ranging from 0 to 255. Note 
that for black and white air photos 0 is black and 255 is white. 

Image analysis refers to computer-assisted processing or manipulation of a digital 
image on the basis of tone or colour. For the purpose of this research, image analysis 
focuses on the detection and classification of scanned air photos. Image classification is 
the process of assigning pixels to classes based on their tone or digital number (Campbell, 
1987). Therefore, the scanned quarter-section is classified according to the characteristic 
ranges of digital numbers identified for each soil type using the image analysis software 
package VGA-ERDAS. Each class is assigned a particular colour producing a soil map 
for the quarter-section. 

RESULTS AND DISCUSSION 

Munsell Colour and Soil Subgroups 
Research has shown that surface soil colour is dominantly controlled by the 

amount of soil organic C present (Shields et al., 1968 and Anderson et al., 1985) and to a 
lesser extent, the amount of inorganic C. The relationship between Munsell colour and 
soil subgroups can be identified by examining the characteristic ranges of organic C and 
inorganic C associated with Munsell colour and the observed soil subgroups. 

Munsell colours at this site range from a value of three and a chroma of one to a 
value of five and a chroma of two. Soils having the lowest Munsell value and chroma 
clearly correspond to the highest organic C values (Figure 1 ). The inverse is true for high 
Munsell values and chromas. The lightest coloured soils have a median organic C value of 
1.1 %, while the darkest soils have a higher median organic C value of 2. 7%. 

Overall the lowest organic C values are associated with Regosols and Calcareous 
Chernozems and they progressively increase from Orthic Chernozems to Rego 
Chernozems and finally, Gleysols (Figure 2). The increase in organic C is probably due to 
increasing moisture levels. The Rego Chernozems have a higher median organic C 
content than the fully developed Orthic Chernozems because they dominantly occur in the 
footslope complexes, near the edge of depressions, which results in thick A horizons 
which are rich in organic matter. 

· A distinct association between Munsell colour and the soil subgroups is apparent 
by observing the similarity of their organic C ranges (Figure 1 and Figure 2). For 
example, Gleysols have a median organic C value of2.7% compared to 1.6% for Orthic 
Regosols; this corresponds closely to the organic C medians for the darkest and lightest 
Munsell colours (Figure 1 ). 

The concentration of inorganic carbon can also influence soil colour (Figure 3). 
Percent inorganic C increases as the Munsell value increases. The lightest soil colour is 
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then associated with the highest inorganic C contents. High concentrations of inorganic C 
are in tum associated with Orthic Regosols and Calcareous Chemozems (Figure 4). 

Munsell colour af!d.digital '!u~~{;,",'v'·< 1: • , • <11·~\~ • • . 
The assoctatton of dtstmct colours, as a functiOn of orgamc C and morgamc C, 

with soil subgroups identifies the feasibility of predicting soil types based on colour as 
registered on aerial photographs. Variations in colour or tone on aerial photographs are 
expressed as digital numbers. Therefore, this claim may be further substantiated by 
examining the relationship between Munsell colour and digital number. 

The correlation between Munsell colour and digital numbers is illustrated by Figure 
5. As the Munsell value increases so does the digital number. The soils having the lightest 
Munsell colour correspond to a median digital number of 220 whereas, the darkest soils 
reflect a much lower median digital number of 171. 

This relationship was anticipated because both variables are a measure of soil 
colour and are responding to the same underlying pedogenic processes. Hence, it should 
be possible to classify soil types based on characteristic ranges of digital numbers. 

Soil classification and digital number 
To determine the existence of characteristic ranges of digital number, for the 

observable soil types, box plots were constructed. A box plot is a simple diagram that 
describes the distribution of an entire data set. The box or interquartile range represents 
the absplute value of the difference between the values of the 25th percentile and the 75th 
percenlile. The upper and lower whiskers or fences extend to values which represent 1. 5 
times the spread from the median to the corresponding edge of the box. Data points 
outside these values are considered outliers and are plotted as individual points. The 
interquartile ranges of digital number, obtained from the box plots, were used to 
differentiate soil types. 

Three distinct groups emerge: Calcareous Chemozems and Orthic Regosols have 
high digital numbers, Orthic Chemozems and Rego Chemozems occur in the middle 
range, and the Gleysols occur on their own at the lower end of the range (Figure 6). This 
overl~~ ~ ~igital number for t~e former two ~oul?s was ~xpected because ~hese soils 
occuptstmilar ranges oforgamc C and orgamc C:morgamc C values. Orthic Regosols 
and Calcareous Chemozems have relatively high percentages of inorganic C, as reflected 
by the digital numbers (Figure 4), whereas, Orthic Chemozems and Rego Chemozems 
share a very similar range of organic C values (Figure 1 ). The Orthic Chemozems and 
Rego Chemozems, at the Oxbow site, have similar ranges of organic C because a large 
percentage of both occur on the same landform position, the footslopes. Rego 
Chemozems are more commonly restricted to the upper slope positions, resulting in 
reduced organic C levels. These overlaps in digital number make differentiation within a 
soil order difficult; however, the following soil subgroups were characterized: Orthic 
Humic Gleysols (1-154), Humic Luvic Gleysols (155-168), Orthic and Rego Chemozems 
(169-189) and Orthic Regosols (190-255). Calcareous Chemozems were disregarded on 
the basis of small sample size. 

The soils orders are clearly defined by their interquartile range of digital numbers 
resulting in the following divisions in digital numbers: Gleysolic soils (1-168), 
Chemozemic soils (169-189) and Regosolic soils (190-255) (Figure 7). Examining the 
classification accuracy of the Oxbow site reveals that 82% of the Gleysols, 81% of the 
Regosols and 46% of the Chemozems were correctly classified. This soil mapping 
technique (image analysis) is significantly accurate in classifying Gleysols and Regosols. 
The lack of accuracy in classifying the Chemozems is due to the Rego Chemozems not 
being represented by a distinct tone because their development is not associated with a 
distinct genetic process. As a result, Rego Chemozems are either classified as a Regosol 
or a Gleysol. 
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Image analysis resulted in a soil series map (Figure 8) and a soil order map (Figure 
9) of the quarter-section with a minimum cell resolution of 5m2. Note that the portion cut 
out of the maps represents the farm yard. 

SUMMARY 
Tonal variations within the air photo result from differences in organic C and 

inorganic C. Organic C and inorganic C simultaneously influence soil colour and soil 
classification. Hence, a relationship between the soil subgroups and tonal variations within 
a scanned air photo was established. A classification system based on the characteristic 
tones was developed. 

The soils are most effectively classified at the order level. Rego Chemozems are 
not associated with a distinct tone due to the variability of their organic C and inorganic C 
levels. This soil subgroup can occur on knolls or around depressions representing two 
very different soil management groups. For this quarter-section the soil orders represent 
the most practical management unit by which to alter or plan agronomic practices. Image 
analysis of scanned air photos appears to provide an effective and cost-efficient method of 
mapping soils at the quarter-section scale. The ability to efficiently characterize soil 
variability within a quarter-section may aid in updating land assessments and in farm-scale 
management plans. This technique also holds considerable promise for extending the 
current series of 1: 100 000 soil maps for the province to the quarter-section scale. 
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Figure 1. Organic carbon percentages associated with the 
soil Munsell colours. 
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Figure 2. Organic carbon percentages associated with the 
soil subgroups. 
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Figure 3. Inorganic carbon percentages associated with 
the soil Munsell colours. 
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Figure 4. Inorganic carbon percentages associated with 
the soil subgroups. 
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Figure 5. The association of digital numbers with soil 
Munsell colours. 
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Figure 6. The characteristic ranges of digital numb~rs Figure 7. The characteristic ranges of digital numbers 
associated with the soil orders. associated with the soil subgroups. ' 
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Figure 8. Soil series map for the quarter-section. 
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Figure 9. Soil order map for the quarter-section. 
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