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Abstract:

Through the ages agricultural production systems have benefitted from the
incorporation of technological advances primarily developed for other industries. The
industrial age brought mechanization and synthesized fertilizers, the technological age
offered selective herbicides, genetic engineering and now the information age brings
the potential for Precision Agriculture. With the advent of tools such as the differential
Global Positioning System (dGPS), Geographical Information Systems (GIS), high
resolution and hyperspectral remote sensing information and miniaturized computer
components, agricultural enterprises can  now capable of monitoring and responding  to
field variation on a fine-scale. This precision agriculture has both an economical and
environmental basis. Matching inputs to crop and soil requirements as they vary within
a field should improve the efficiency of resource use and minimize adverse
environmental impact. The overriding question for producers is whether they will be
able to make more money by investing in new technologies. For dryland production of
low-value crops, minimizing the costs of precision farming is critical to its profitability. In
this study, we developed simple rule for delineating management unit using past yield,
soils, topography, and aerial photography and tested the suitability of rule at another
site.

Introduction:

The use of aerial photograph is not new in agriculture, what is new is the concept
of using the nearly half century old technology and resources in the efficient
management of agricultural production in site specific management. Past analysis of
aerial photographs were mostly restricted to the visual interpretation, with the advent of
tools such as the differential Global Positioning System (dGPS),Geographical
Information System (GIS), affordable computing hardware and data storage system
agricultural enterprises can now monitor and respond to field variation on a fine-scale
economically. The spatial variability of soils has been studied by soil scientists for many
years.  It is an important feature in identifying mapping units, land use and soil
classification schemes, and experimental design of field studies (Soil Survey Staff
1975; Buol and others 1973; Campbell 1978; Hajrasuliha and others 1980). Depending
upon the magnitude of change under consideration, various methods have been used
to evaluate the variability of soil across landscapes.   Traditionally investigation have
used random sampling techniques and assumed independence between samples.
Classical statistical analysis are then performed, such as ANOVA or regression
analyses to describe the changes observed within and among plots.  Although this



approach us sufficient for most operations, spatial variability is most evident in marginal
farming systems with minimal inputs as well as in scenarios where soil erosion is
dominant process.  The increase in intensity to use marginal land due to high pressure
in prime agriculture land being used in nonagricultural purposes mostly results in
increase in erosion by its nature.  Under these conditions the inherent spatial variability
of soils will most clearly be expressed in the variation of crop growth and yield.

Intuitively, we do not expect soil properties to be independent of one another. We would
expect that what is eroded from the higher landscape positions must move downhill and
alter what is described at lower lying positions.  In a study by Hanna and others (1982),
the amount of available water shown to vary by landscape position.  Not only is water
important for crop growth but is an important soil forming agent.  Ciha (1984) found that
slope position had a strong influence on grain yield of winter wheat.  The relationship
was attributed to soil properties such as surface soil thickness and available water as
well as difference in environmental conditions along the slope.  The quality parameters
of spring wheat were also found to be related to variable thickness of top soil and
subsoil(Power and others 1982). Soil thickness affects the quantity of available
nutrients, water holding capacity, and rooting depth.  In general, Power found that with
an increase in topsoil depth the P and N content in the plant material increases, which
resulted in better quality wheat.  

Objectives:

The primary objective of this research was to evaluate the role of spatial positioning in
site specific agricultural management (SSM) on rolling landscape under dryland
agricultural conditions.  The variation in crop yield and grain protein is assumed to be a
result of variation in spatial positioning of the piece of land within a field.  The behavior
of a piece of land on rolling landscape is related to the topography as well as erosion
processes occurring along the landscape. Some times different behavior of similar
landscapes are the result of past land use. Hence this study addressed the following
specific questions to develop strategies for precision management of fertilizer
application on rolling landscape: (1) how is crop yield and grain protein related to these
spatially distributed soil properties,(2) whether historical information such as aerial
photographs could provide information to explain some of its variability, and (3) What is
the best way to manage such lands.
 
Methods:

This paper is based on the information from two sites one near Swift Current (Brown
soil zone) where experiments were conducted under AFIF funding to evaluate the
potential for variable rate application of N, P, and seed across rolling landscapes in
1997. The site was moderately rolling Haverhill loam located 13 km E of Swift Current.
The experiment was randomized complete block with six replicates. Each of the
treatments were laid out in long strips that encompassed an upper slope, mid slope,
and lower slope position. Detail description of this site is given in McConkey and others
(1998). Data from the year 1997 were used in the spatial positioning analysis. Whereas



archival aerial photo analysis were also done for this area.

The second site (dark Brown soil zone) is located 11 km NE of Shaunavon along
highway 13 (NE10-09-18-W3). Data from 1997 were used for the spatial positioning
analysis. Surface information was generated from the  elevation information collected
using GPS.  

To meet the above described objectives a simple procedure was developed to analyze
the temporal aerial photographs, topographic information, and crop information.
Information were obtained from following sources: 

- Archived aerial photograph (National Air Photo Library, Natural Resources
Canada) (example: Figure 1 and Figure 2). 

-         Color infrared aerial photographs (through local Infrared Air Photo Services)         
           (example: Figure 3).
-         Elevation information using global positioning system (GPS).            
-         Crop information (locally)

                  Figure 1. 1938 Black & White Aerial Photograph of the AFIF site.



            

                     Figure 2. 1955 Black & White Aerial Photograph of the AFIF site.

  
                     Figure 3. Infrared Color Aerial Photograph of the AFIF Site



Once the data were collected, they are further processed using following:

First to convert hardcopy aerial photographs into digital form, they were scanned at 600
dpi using flat bed scanner generating TIFF images. The information obtained from the
GPS were used in extracting coordinate, and elevation information of the study area. In
this process GPS information were collected using relatively dense grid points covering
the study area and from the distinguishable physical features. All images were then
georeferenced using ground control points coordinate information. Then based on the
visual observation of the tonal variation in the infrared aerial photograph area behaving
differently were delineated. Then these delineated areas were overlaid on archived
black and white aerial images to see whether they are in line with the discernable
features or practices seen on these images. Elevation information were then used to
create triangular irregular network (TIN), which were used in creating 3D surface.
Infrared aerial images were draped on TIN to create 3D images. These 3D images
were used to look at the tonal variation at different topographical features. 
 
Crop information were collected using sample from each treatment plots and slope
position (i.e. Knoll, Mid slope, and toe or low slope) for each sample points are also
noted in this process. Crop (i.e. yield and nitrogen uptake) were first subjected to
classical statistical analyses to obtain descriptive statistics such as mean, range,
standard deviation (SD), and standard error (SE). Yield and seed protein information
were plotted against the treatment rate of nitrogen and best fit curves were drawn to
shown their trend at three spatial position.

Results:

Using infrared aerial photograph taken in June 1999 study area (NE 22-15-12 W3, near
Swift Current) was delineated into two distinct area based on the variation in the red
color saturation of the infrared image (increase in red color saturation indicates the
higher plant density (Lillesand and Kiefer 1994)) excluding the area where it were
double seeded (Figure 4).

Visual analysis of the historical aerial photographs revealed that the study area
was cultivated partially with a clear boundary between cultivated portion and non-
cultivated one. When the infrared aerial photograph of the study area was overlaid with
historical aerial photograph this boundary coincides with the line separating groups with
different red color saturation (example: Figure 5 and Figure 6).  Historical aerial
photographs also reveal patterns of landscape with lighter color tone and these patterns
are persistent and became more pronounced with newer photographs.

Plant density indicated by the red color saturation of the 1999 infrared color photograph
are minimal in these area (area on the lower left corner in Figure 4) suggesting low
productivity. This may have caused by the soil erosion in these sloped area. 



                         
                         Figure 4. Study area (AFIF site, Swift Current, 1999)

    

 Figure 5. 1972 B & W Aerial Photograph with overlay from the study area (color IR).



Figure 6. 1990 B & W Aerial Photograph with overlay from the study area (color IR) 

The visual and simple analysis of georeferenced scanned aerial photographs can
significantly help in identifying variability in agricultural production. The variability can be
analyzed further with the use of color infrared aerial photographs. The use of color and
color infrared photographs provides advantages over the use of panchromatic
photograph because of the increased spectral information of the color materials.
Hence, we were able to differentiate the study area into high color red colored area i.e.
with higher plant density and low red colored area i.e. with low plant density. Once the
area with variability are identified, further analysis can be done by calculating NDVI ({IR
- RED}/ {IR+RED}) using color IR-photo Information and other  soil and vegetation
information. The 1999 yield results from AFIF site (Table 1) highlight how length of time
under cultivation has affected productivity, response to fertilizers, and productivity
differences among slope positions. The difference is more pronounced in the western
side than in the eastern side which also supports the results of the aerial photograph
analysis.

Table 1. 1999 Spring Wheat Yield AFIF site for land broken in 1980s (East) and       
               broken much earlier (West).

    Slope         
Position

                  
             40 lb. N /acre

                  
            100 lb. N/acre

West East West East

    Upper 17.3 33.2 28.1 37.3

    Mid 21.0 35.9 31.5 39.6

    Lower 22.4 33.2 38.0 40.0



Table 2 and Table 3 show the descriptive statistics for wheat yield (kg/ha) and grain
protein content (%) of the AFIF site  and HWy13 site respectively in 1997.  Mean value
of the yield at both site indicate the higher production at “Low” position than “Knoll”,
whereas the yield level at “Mid” position are at the middle in all cases. Douglas and
others (1984), Herrera de leon (1984) and Walley and others (2000) also found low
yields on the knolls and higher yields at the lower lying positions. Grain protein are
higher at “Knoll” position and lower at “Low” position indicating yield dilution of protein at
Low due to higher grain yield.

                    Table 2. Descriptive Statistics (AFIF Site, 1997)

       
      

                  
Yield (kg/ha)

            
Grain Protein(%)

Position Maximum Mean Maximum Mean

   Knoll 2510 1423.1 14.8 10.9

   Mid 2800 1793.3 13.6 10.5

   Low 3311 1852.3 13.3 10.3

      Table 3. Descriptive Statistics (HWY13 Site, 1997)

       
      

                  
Yield (kg/ha)

            
Grain Protein(%)

Position Maximum Mean Maximum Mean

   Knoll 2537 2112 18.9 14.64

   Mid 2954 2169 19.7 14.99

   Low 3662 2270 19.7 14.66

Crop productivity in the study areas was strongly influenced by landscape position
which is evident from Figure 7, and Figure 8.  



These figures clearly show that the yields on upper slopes were consistently less than
that on lower slopes, regardless of N fertilization rates. Except for “Mid” slope position
application of fertilizer N did not overcome the impact of spatial positioning.  The
behavior of “Mid” slopes were ambiguous to due the lack of clear definition of this
position. Hence its behavior depend on  closeness to other two spatial positioning. 
Yield response of wheat to N application follows second-order polynomial whereas
grain protein response behaves like third-order polynomial. Yield response at “Knoll”
tend to reach maximum early well below yield response of “Low” position response
curve of grain protein resembles a gaussian curve with both increasing and decreasing
returns. In all three cases, response curve from “Low” position tend to rise slower than
other two position with no clear maximum with the applied treatment rates, whereas
response curve at “Knoll” position reach a maximum and decrease. Both response
curve indicate the room for improvement in terms of increasing yield as well as grain
protein, but the decision should be based on the benefit and cost analysis of such
operation. From the figures shown above, one can see that in a rolling landscape
spatial positioning plays an important role and they should be managed differently. 



Economics of varying N based on spatial position:

The calculation of economic advantages of varying N were conducted on data from
both AFIF, 1997 and HWY13, 1997. It was assumed that the results for individual strips
would apply across the entire field. The calculation is based on two product price option
i.e. for AFIF site low grain value ($125/tonne) and high protein premium ($50/tonne) for
grains with protein level between 12 % to 16%. There was no premium for grains with
lower than 12% protein level and level higher than 16% were paid at the rate of
16%.whereas for HWY13 high grain value ($200/tonne) and low protein premium
($25/tonne) were used. The cost of N-fertilizer were based on $0.25/lb. In this process
first net grain yield above check strip yield were calculated by subtracting yield value of
each strip to the yield from it’s nearest check strip. Similarly net protein premium were
also calculated. Then net $ value above check were calculated as follows:

Net $ value = net yield * grain value + net protein premium * yield * premium value
                      - N-Fertilizers cost

Average value for each N rate calculated. Then based on the highest net return N
fertilization rate was selected. It was then compared with the net return from the
uniform rate application (50 kg/ha). Final calculation for net return from each hectare
was based on the assumption that each field has 15% Knoll, 15% Low and 70% Mid
slope position. The results are presented in Table 4 and Table 5. 

Table 4. Net return for variable and uniform rate (HWY 13, 1997)

       
      

                  
Net $ Value/ha ( Land with 15% in Knoll, 15% in

Low and 70% in Mid Slope position)

High grain value-Low protein premium

Position Variable Rate
        

Uniform Rate
(50 kg/ha N)

Net Gain

   Knoll 12.00 (50 kg/ha) 12.00 0

   Mid 126.08 (100 kg/ha) 117.67 8.13

   Low 27.95 (75 kg/ha) 22.25 5.70
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           Table 5. Net return for variable and uniform rate (AFIF, 1997)

       
      

                  
Net $ Value/ha ( Land with 15% in Knoll, 15% in

Low and 70% in Mid Slope position)

Low grain value-High protein premium

Position Variable Rate
        

Uniform Rate
(50 kg/ha N)

Net Gain

   Knoll 15.28 (50 kg/ha) 15.28 0

   Mid 120.55 (100 kg/ha) 78.03 42.52

   Low 16.5 (100 kg/ha) 11.99 4.52

Both Table 4 and Table 5 clearly show the advantage of using variable rate. The benefit
of variable rate fertilization is more pronounce in the case of AFIF site. In both cases
midslope position  benefitted most from this option. The variation in the response as
seen over here clearly shows the benefit of using higher rate fertilizer in the case of
Low position and Knoll are better off with recommended rate (i.e. 50 kg/ha) (Figure 7
and Figure 8).

                          
Figure 9. Net $ Value at Different N-Fertilization (HWY13, 1997) (for grain, value of
$200/tonne, & protein premium of $ 25/tonne for 12 % to 16% protein)
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Figure 10. Net $ Value at Different N-Fertilization (AFIF, 1997)(for grain, value of
$125/tonne, & protein premium of $ 50/tonne for 12 % to 16% protein)

Conclusion:

As the the study is on-going, the results presented over here serve as a starting point
for future research in which we will attempt to develop a general relationship between
fertilizer application and grain yield.  The use of soil information, accurate slope
information, information past management system may serve as important factors in
this process Some of these information such as soil characteristics ,crop information
were collected locally, whereas slope information can be generated using elevation
information and verified with remote sensing. Information about past management
practices can be extracted using archival remote sensing and aerial photographs as
well as past land records.

The results of this study indicate influence of spatial landscape positioning on crop yield
and grain protein. The approach adopted in this study along with soil and topographical
information will help to identify the lower yielding areas and then determine the factors
causing the lower yields.  If the predominant factor in the variation in crop yield is  
macro-or micro-nutrients, and the crop response to the limiting nutrients are variable
based on the spatial position then such nutrients could be selectively applied to the



lower yielding areas.  Hopefully, similar yield limiting factor would exist in lower yielding
areas of other fields having the same soil complexes and parent materials. Sometime
areas having sample soil complexes and parent materials behave differently based on
the past management practices. Such anomalies can be corrected using historical
information.

Historical records such as aerial photographs contain useful information which            
help in identifying area behaving differently. These archival information are good source
of information to detect changes in some physical features, land use and agricultural
practices which in many times help in explaining the current behavior of a agriculture
field. With the help of infrared color aerial photograph one can visualize these variation.
By developing vegetation index using infrared and red band information one will be able
to find the direction of these variation and with some normalization can be related to the
variation in the crop production. Simple visual and computer aided observations can be
useful in the process of identifying area for variable rate treatment.
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