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ABSTRACT 

Two forty-acre fields in North Dakota were sampled in a 110 foot grid. Each field 
was measured for elevation in the same 110 foot grid. Topographic sampling zones were 
identified in each field and a correlation of the sampling based on these zones was 
compared to the correlation values from a 220 foot grid. Nitrate-N and the 220 foot grid 
were both correlated to the 110 foot sampling values for nitrate-N and P. A map of field 
nitrate-N levels from topography sampling compared to the 220 foot grid map showed 
that boundaries of similar nitrate-N levels were defined by topography. Alternate 
methods of defining sampling zones may also include a combination of aerial 
photography, satellite imagery, yield monitor results and soil electrical conductivity, with 
landscape as one possible basis for pattern development. 

INTRODUCTION 

The basis of grid sampling is the premise that soil fertility patterns are developed 
in a random Inanner and that a systematic method of sampling is required to reduce 
sampling bias. Early references to  grid sampli~lg were developed to elucidate patterns for 
a variable-rate fertilizer application (Linsley and Bauer, 1929), while later systematic 
sampling was intended to allow the determination of a fields' central tendency (Peck and 
Melsted, 1973) without the bias of sampler interpretation. There still exists the tendency 
for researchers to believe that sampling bias is u~idesirable, choosing instead to 
recommend dense soil sample grids to elucidate patterns (Wollenhaupt, et a].. 1994: 
Franzen and Peck, 1995). However, there is sufficient literature to suggest that there are 
some logical reasons why certain areas of a field may test at one fertility level and other 
areas test at a different level. The effect of topography on soil fertility levels is one 
logical reason to question the need to grid sample all fields for certain nutrients. 

Topography, or  landscape is based on elevation measurements, but the result of 
elevation mapping is depiction of a surface, classified into landscape features defined as 
upland. pediment backslope, pediment footslope and alluvial toeslope by Ruhe (1960). 
Ruhe described that there are developmental differences in soil profile A horizon depth 
and clay content at each landscape zone. Troeh (1964) found that the curvature of slope 
(convex vs. concave) influenced soil drainage, which influences the flow of water at the 
surface and within the soil, and the subsequent growth of crops. Zaslavsky and Rogowski 
(1969) showed that soil water infiltration streamlines which govern water movement 
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diverge on convex hillslopes and converge in concave areas. The higher water content in 
the concave areas lead to more pronounced profile development. 

Sinai, et al. (1981) recorded a linear correlation between soil surface curvature 
and soil water content, which influenced wheat yield. Stone, et  al. (1985) showed that 
corn grain yields were more consistently related to landscape position than to erosion 
class. Jones, et  al. (1989) related yield to landscape position, redefining Ruhe's landscape 
postions as upper interfluve, lower interfluve, shoulder, upper linear, lower linear and the 
footslope. Yield was related to position in corn, soybeans and sorghum in the following 
manner- 

Lower interfluve> Foot>Upper interfluve>Shoulder> Upper linear>Lower linear 

Additional studies have shown the relationship of crop yields and slope position 
(Aspinall and Hayes, 1995; Fiez, et a]., 1994: Halvorson and Doll, 1991: Miller, et a]., 
1988: Miller, et  a]., 1992: Schroeder, 1995; Simmons, et  a]., 1989) . Many of these studies 
have noted the influence of soil water content as a probable reason for crop yield 
relationship to topography. Pennock, et al. (1987) illustrated probable water movement 
and concentration associated with topography. 

Several studies have recorded the relationship of soil physical and fertility factors 
with topography (Brubaker, et al., 1993; Fiez, et a]., 1994; Jones, et a]., 1989; Miller, e t  
al., 1988; Simmons, et al., 1989). Additional studies have described the relationship of 
soil nitrogen specifically with topography (Bruulserna, et al., 1996: Cassel, et  al., 1996). 

Residual soil nitrogen may be especially influenced by landscape due to the 
number of kinds of possible transformations and its movement in the soil. Landscape 
and associated soil water influences mineralization (Stevenson, et  al., 1995), nitrification. 
and denitrification (Stevenson, 1982). Soil water movement also directs the movement of 
soil nitrate to certain areas of the landscape. In North Dakota, saline areas, which 
develop due to a locally high water table as a consequence of subsurface water 
movement, often have a high level of nitrate (Seelig and Richardson, 1991). Differences 
in crop removal of nutrients due to landscape induced crop yield variability may also 
influence residual nitrogen and other nutrient levels. 

The concept of directed sampling by landscape position is not without precedent. 
Carr, et  al. (1991) reported improvements in economic return to wheat by fertilizing 
based on soil type sampling compared to uniform application. Penney, et al. (1996) 
describes the value of using a combination of crop yield maps with topography. Pocknee 
(1996) discusses methods of directed soil sampling. In North Dakota, a method of 
composite soil sampling for uniform fertilizer application used a method of reverse-bias 
soil sampling by not sampling unusual areas such as eroded areas, saline areas and other 
areas not representative of the greatest part of the field (Swenson, et  al. 1984). Since 
these unusual areas are important for site-specific management, could the same reasons 
why parts of a field were not sampled in the past now be reasons to define certain 
management zones? 

Landscape may be a logical reason to define initial management zones. However, 
lneasuring elevations and determining where to draw zone boundaries from landscape 
may be difficult to conduct. Even if elevation is recorded and landscape rllaps produced, 
the question for some may be where to draw the lines for boundaries defining 



management zones. North Dakota studies are currently investigating several methods for 
directing zone sampling, including satellite imagery and aerial photography (Moraghan, 
1996). This paper will address initial experiences with satellite imagery, yield monitor 
information and electrical conductivity as methods that may provide patterns similar to  
landscape patterns. Some o r  all of these techniques may be useful in defining 
management zones, with the knowledge that the patterns expressed have a logical basis, 
in part due to landscape. 

METHODS AND MATERIALS 

Two forty acre fields were sanlpled in a 110 foot grid. One of the fields is located 
near Valley City, North Dakota in the glacial till plain region. The Valley City site was 
sampled each fall from 1994 to 1997. The field was in spring wheat in 1994, sunflower in 
1995, spring wheat in 1996 and barley in 1997. A uniform rate of N and P was applied 
each year based on a composite soil test, except in 1997 when a variable-rate of N as 
anhydrous ammonia was applied prior to the barley crop. The second field is located 
southwest of Colfax, North Dakota in the Red River Valley. The Colfax site was sampled 
each fall during 1995 and 1996. The Colfax site was in corn in 1995 and spring wheat in 
1996. At each site, five to  eight soil cores were taken at each sampie location at two 
depths, 0-6 inches and 6-24 inches. Nitrate-N and P were analyzed on the 0-6 inch depth. 
Nitrate-N was also analyzed on the 6-24 inch depth. Nitrate-N was reported as the total 
of two depths. 

Elevation was measured using a laser-surveying device, taking recordings in a 110 
foot grid. The SPOT image of the Colfax site was taken late in the 1994 corn growing 
season prior to the first soil sampling. Pixel size is approximately 30 feet square. The 
electrical conductivity mapping at Valley City was conducted using a Veris Corporation 
soil conductivity instrument. The Veris apparatus consists of conductivity sensors 
attached to  straight-set tillage discs that nln in the soil at a depth of about 1 inch while 
being pulled through the field with a pickup truck. The sensor is coupled to a DGPS 
receiver and the data recorded in readings taken about 1 second apart. Mapping of 
elevation, nutrient levels and conductivity was conducted using Surfer for Windows 
(Golden Software, Inc., Golden CO). I~lterpolation was performed using inverse distance 
squared with eight nearest neighbors and a simple search. Correlation was conducted 
using SYSTAT for Windows, Evanston, IL. 

RESULTS AND DISCUSSION 

Relationship of nutrient levels with topography at Valley City 

The nitrate-N maps from 1994, 1995 and 1996 at Valley City form complex but similar 
patterns between years (Figure 1). From the stable patterns that appear in these years 
came the incentive for the researchers to explore topography as the source of pattern 
stability. Elevation measurement produced the map shown in Figure 2. The field vaned 
from one side of the field to the other by about 40 feet. The simple contour map in 
Figure 3 was not adequate to define landscape, compared to  the 3-dimensional map in 
Figure 2. Elevation itself is not related to nutrient levels in this field. The structure of 



the landscape-hilltop, sideslope, concave areas- appear to be the defining elements in the 
nutrient/landscape relationships. The correlation of topography-based sampling 
compared to a 220 foot grid is shown in Table 1. The topography based map for 1995 
compared to the 110 foot and 220 foot grids is shown in Figure 4. In 1994 and 1995, 
comparisons between topography were made with a topography map based on five 
sampling zones. These zones were chosen based on the zones of similar topography 
patterns from the 3-dimensional mapping. 

P levels at Valley City were not as correlated with topography-based sampling as 
nitrate-N (Table 1). The farm cooperator stated that forty years ago, their was a small 
feedlot in the northwest corner of the area currently being examined. The old feedlot 
area may be masking landscape affects on P levels in this portion of the field. The map 
of Valley City P levels is given in Figure 5. Outside of the old feedlot area, the patterns 
of high and low P follow closely the patterns of nitrate-N. 

Alternative methods of management zone definition at Valley City 

In 1996, the first yield map at Valley City was produced using a John Deere yield 
monitor. The yield map (Figure 6) showed a very low yielding area in the northwest 
corner of the field. By separating out this area as a separate management zone, the 1996 
correlation of topography N with the 110 foot grid was better correlated than in 1995 
(Table 1). Because of the many factors producing yield differences, using a yield map as 
the primary basis for directed sampling may not be prudent. However, by using the 
landscape zones as the main basis for establishing sampling zones, and then dividing a 
zone into two zones based on an area of low yield in the northwest corner, correlation 
with zone sampling with the 110 foot nitrate-N map is increased. 

In the fall of 1997, an on-the-go soil conductivity sensor was used to map the 
Valley City field for salinity. The resulting map of the 0-1 foot soil conductivity is shown 
in Figure 7. The stated purpose of the conductivity sensor by the manufacturer is not to 
determine nitrate levels, other nutrient levels, depth to clay, depth to sand, clay content 
or  moisture. The purpose is to detect zones of similar conductivity. The user is then 
encouraged to sample within those areas of similar conductivity and determine what is 
the source of the differences between zones. 

The patterns of soil conductivity are very si~rlilar to the patterns of nitrate-N. 
However, correlation of soil conductivity with soil nitrate-N levels may not be 
appropriate. The high conductivity in the northwest is similar to  the high nitrate-N levels 
in the same area. However, in the "horsehead-shaped" pattern of nitrate-N in the center 
of  the field, nitrate-N levels are relatively higher than its surroundings. The soil 
conductivity in the same area has the "horsehead-shaped" pattern, but the values are 
relatively low compared to the surroundings. A simple correlation of conductivity with 
nitrate-N levels would result in an overestimation of nitrate-N levels in that area. By 
using the patterns of conductivity differences as a way to define management zones, then 
sampling within those zones, conductivity zone sampling would be expected to give 
similar boundaries and similar correlation as topography sampling. 

Relationship of topography and nutrient levels at Colfax 
The nitrate-N levels Colfax in 1995 and 1996 are shown in Figure 8. The maps 



are similar between years, suggesting again that the nitrate-N levels are related to 
landscape. The elevation mapping, shown in the contour map in Figure 9, shows that the 
patterns of nitrate-N follow landscape patterns. In this field, where the elevation 
differences are only about 2 feet, a contour map is sufficient to define fertility 
boundaries. Correlation of nitrate-N levels with the 110 foot and 220 foot grids are 
shown in Table 2. 

The SPOT image of the Colfax site in 1994 is shown in Figure 10. Using the map 
to define management zones based on patterns in the image result in patterns similar to 
those defined by topography. In 1994, the poor corn growth areas were the result of 
excessive rainfall during the season, which stunted the corn and probably lowered the 
level of nitrate in those areas through denitrification. The areas of better corn growth 
were at higher elevations where there was 110 standing water. By identibng areas of poor 
corn growth due to water stress, the image also identified areas of low and high N. 

SUMMARY 

Soil nitrate-N levels were related to topography at two sites in North Dakota. Soil 
P levels were not as related to topography perhaps because of the past existence of a 
feedlot in a portion of the field. Using a yield map to identify low yielding areas within a 
zone may be a reason to divide one zone into two zones and strengthen a management 
zone strategy in a field. Soil conductivity measurements also defined similar zones as 
given by landscape. Use of satellite imagery was related to topography patterns at the 
site where an image was available. 

Landscape may serve as a logical basis for expecting the presence of nutrient 
patterns, especially nitrate-N, to appear in fields. However, other methods, such as 
satellite imagery, aerial photography and satellite imagery may help to determine where 
to draw sampling zone boundaries. Use of a zone sampling strategy should not rely 
exclusively on elevation mapping as its only method of zone definition. Zone sampling 
should be considered an iterative process, where additional sources of information about 
the field are used to further define areas of importance to crop growth, including more 
intensive grid sampling when appropriate. Zone sampling may be most useful in regions 
where plant or soil testing for nitrogen requirement is well established and the cost of 
annual intensive grid sampling is prohibitive. 
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Table 1. Comparison of topography-based and 220 foot 
grid-based N and P with a 110 foot grid at Valley Citv, ND. 

------------------ Correlation (r) ---.----------------- 
Topo~raphv 220 foot grid 

Year - N - P - N P - 
1994 0.29 0.27 0.18 0.29 

Table 2. Comparison of topography-based and 220 foot 
grid-based N and P with a 119 foot grid at Colfax, ND. 

----------------- Correlation (r) ------------------- 
Topopraphv 220 foot grid 

Year - N - P - N - P 
1995 0.27 0.21 0.62 0.62 



Figure 1. Valley City nitrate-N levels, 1994-1996. 
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Figure 3. Relative elevations at 
Figure 2. Valley City topography. Valley City using a contour map. 
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Figure 4. Comparison at  Valley City, 1995, of nitrate-N 
between topography and a 220 foot grid. 
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Figure 5. Valley City P levels, 1995. 
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Figure 6. Valley City hard red spring wheat yields, 1996. 
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Figure 7. Electrical conductivity at Valley City, 0-1 foot. 
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Figure 8. Colfax nitrate-N levels, 1995-1996. 
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Figure 9. Colfas topography. 
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Figure 10. Satellite imagery from Colfax? July, 1994. 
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