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obtain a single vegetation growth score from more than one type 
of crop, and multiple regression to select the soil factors that best 
predict vegetation growth. 

These soil productivity models are different from the growth 
models described by Lee (1983). Whereas growth models 
attempt to simulate plant biomass development, soil 
productivity models predict the suitability of the soil to support 
plant growth. Soil productivity models can predict the mean 
expected vegetation biomass for a particular soil, but do not 
predict plant growth for a year specific set of climatological 
data, real or simulated. 

Burley, Thomsen and Kenkel (1989) developed an 
agricultural productivity model to reclaim Clay County, 
Minnesota soils for seven crops, and Burley (1991) reported a 
similar model that used the same seven crops plus woody trees 
and shrubs. One of the crops in both models was sugarbeet (Beta 
vulgaris L.) which responded in a highly predictable manner, 
similar to the other six crops and woody plants. However, the 
model described by Burley, Thomsen and Kenkel (1989) was 
based upon a principal component linear combination in which 
sugarbeet productivity appeared to be weighted less than the 
other crops (Table 1). The second principal component scores 
contained eigenvectors (all negative values except for sugarbeet) 
and an eigenvalue (proportion * 7=0.73) suggesting a strictly 
sugarbeet model could explain further variance in the data . 
Sugarbeet did not covary with the other crops as much as the 
other six crops (wheat, barley, oats, soybeans, sunflowers and 
grasses/legumes) covaried with each other. In other words, if a 
grower were interested strictly in sugarbeet production, the 
general models reported by Burley, Thomsen, and Kenkel (1989) 
or Burley (1991) might not be as useful as a model constructed 
only for predicting sugarbeet productivity. This paper describes 
the development of a sugarbeet productivity model. 

Table 1. Principal Component Eigenvectors and Eigenvalues for 
a sugarbeet model. 

EIGENVALUE 1 EIGENVALUE 2 
PROPORTION PROPORTION 

0.814 0.104 

CROP PRIN1 PRIN2 

Wheat 0.410 -.024 
Barley 0.412 -.094 
Oats 0.410 -.138 
Sunflowers 0.377 -.159 
Sugarbeets 0.238 0.965 
Soybeans 0.394 -.100 
Grasses / Legumes 0.374 -.068 
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Figure 1. A flowchart of the procedure used to generate a 
reclamation productivity model. Box A indicates the position 
where a PCA linear combination was used by Burley, Thomsen 
and Kenkel (1989). Box B indicates the point at which a single 
variable was used for a sugarbeet productivity model, in 
contrast to Box A. 

Independent Variables Weight Soil Data Standardize Soil Data 
Soil Data : pH According to Depth 
Topographic Position 
% Rock Fragments 
% Slope 
Bulk Density 
Hydraulic Conductivity 
Available Water Holding 

Capacity 
% Organic Matter 
% Clay 
Electrical Conductivity 

Dependent Variables 
Crop Data : 
Sugarbeets 
Spring Wheat 
Oats 
Barley 
Soybeans 
Grasses/ Legumes 
Sunflowers 

METHOD 

The approach to developing a sugarbeet productivity model 

was identical to that of Burley and Thomsen (1987) (Figure 1). 
Johnson and Wichern (1988) and Pielou (1984) describe in depth 
the multivariate procedures employed. Eighty soil units were 
employed in the study. Sugarbeet yields for each soil were 
gathered from approximately 10 years of trials (normal years, 
drought and seasonally wet years) conducted by the SCS [see 
Jacobson (1982) for a description of the climatological 
characteristics for the county]. These yields were combined to 
form an average expected yield. 

The method attempts to find soil properties that significantly 
predict plant growth, in this case, the growth of sugarbeets. If a 
model is found, it generates a unitless value that indicates 
relative soil productivity. For this study, the relative sugarbeet 
productivity value is abbreviated as /lSBP." 
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For each regressor in the SBP model, there 
a number of coefficients associated with the regressor. 
since all soil variables are standardized with a mean of 0 and a 
variance of one before the ".L.o..U,UV.L"" reE:reS'SlOm 1"'\'t".-.('occ 

each regressor has a set of 

EQUATION 1 
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0.339 
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EQUATION 3 


Where: 

Ec=Electrical LC1ndluctlV1ty, 
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Figure 2. The 95% confidence limits surrounding the predicted 
sugarbeet productivity means and how to compare the 
productivity of two soil types at a 90% confidence level. 
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All other terms examined in the study (hydraulic 
conductivity, bulk density, topographic position, percent slope, 
percent rock fragments, percent organic matter, other squared 
terms and interaction terms) do not contribute to the predictive 
quality of the model, meaning that they are either ineffective or 
redundant. 

Figure 2 illustrates the 95 percent confidence limits 
associated with the predicted mean (SBP) in the model. This 
figure can be used to generate visual multiple comparisons 
between predicted sugarbeet productivity means. T~e predicted 
means for each soil to be examined are generated by computing 
the productivity score given in Equation 3. Equation 4 illustrates 
the mathematical procedure to convert predicted productivity 
scores into average crop yield (tons/acre). Any negative score in 
equation 4 should be considered equal to zero productivity. 

SB=5.52+(SBP*8.02) EQUATION 4 

Where: 
SBP=Sugarbeet productivity from Equation 1 

SB=Predicted Sugarbeet productivity (tons/acre) 
8.02=Variance of sugarbeet production on all 80 soils 
5.52=Mean sugarbeet production on an 80 soils 

Quantitative Soil Productivity Prediction 
In Soil Surveys prepared by the Soil Conservation Service, 

soils within a series vary considerably. This SBP model provides 

http:SB=5.52+(SBP*8.02
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