
  

 

 

 

 

 

 

  

CHAPTER 4 

TABLE 4.1. Cropping Systems Management at the USDA Agricultural Research Center Farming Systems Project 

SYSTEM 
CROP ROTATION 
(COVER CROPS IN BOLD) 

YEARS IN 
ROTATION TILLAGE FERTILITY 

WEED 
CONTROL 

No-till (NT) Corn-rye-soybean-wheat-soybean 3 None Mineral 
fertilizers Herbicide 

Chisel Till (CT) Corn-rye-soybean-wheat-soybean 3 Chisel, disk Mineral 
fertilizers Herbicide 

Organic, 2-yr 
(Org2) Corn-rye-soybean-vetch 2 

Moldboard plow, 
chisel, disk, rotary hoe, 
cultivator 

Legume and 
animal manure Cultural 

Organic, 3-yr (Org3) Corn-rye-soybean-wheat-vetch 3 
Moldboard plow, 
chisel, disk, rotary hoe, 
cultivator 

Legume and 
animal manure Cultural 

Organic, 6-yr 
(Org6) 

Corn-rye-soybean-wheat-alfalfa
alfalfa-alfalfa 6 

Moldboard plow, 
chisel, disk, rotary hoe, 
cultivator 

Legume and 
animal manure Cultural 

Each cropping system in the Farming Systems Project in Beltsville, MD has its own set of tillage, fertility, and weed-control practices and 
rotation length. See Figure 3.4 on p. 50 for more detail on the experimental design. Adapted from Cavigelli et al. (2008). 

Statistical and Mathematical Tools 
Systems experiments, by the nature of their design and 
goals, have multiple confounding factors that cannot be 
easily separated (Teasdale and Cavigelli, 2010). This means 
that a mixture of statistical approaches is often required. 

Univariate and multivariate statistics are the most typical 
mathematical methods of systems analysis. Which approach 
to use will depend upon the type of experimental design, the 
type and quantity of data generated, and the hypotheses be
ing tested. In some cases, univariate methods such as anal
ysis of variance (ANOVA) or means separation are applied 
initially to analyze the performance of individual system 
components (e.g., crop yields, soil fertility parameters or 
water use). When certain factors show a trend, multivariate 
approaches can be applied to tease out relationships among 
these components. 

In other cases, multivariate methods are used for the ini
tial exploratory data analysis to identify which factors have 
the most influence on treatment differences. These methods 
create new variables that are linear combinations of the orig
inal variables. These new variables can be further analyzed 
using univariate statistics. 

For organizational purposes, the next two sections are di
vided into univariate and multivariate approaches; in reality, 
these approaches are often used in tandem in large systems 
experiments. 

Univariate Analysis 
Univariate statistics are well suited for evaluating the effects 
of independent variables on dependent variables and have 
been used extensively in agricultural research. For exam
ple, in simulated, replicated agricultural systems where the 
field has been evaluated and blocked to account for in-field 
variability, or where the field is homogenous, univariate sta
tistics are generally used to compare yield, weed biomass, 
soil nutrient availability, economic returns and other factors 
among treatments. 

The Farming Systems Project (FSP) at the USDA Agri
cultural Research Center in Beltsville, Maryland, provides 
a good example of how univariate analysis can provide 
valuable information about system performance. The FSP is 
rare among systems experiments; it is one of the only long
term projects in the United States with three organic systems 
that differ in crop rotation length and complexity. Since the 
establishment of the FSP in 1996, researchers have used 
ANOVA and multiple linear regression to investigate the 
effects of three organic and two conventional mid-Atlantic 
cropping systems (Table 4.1) on crop yield, weed popula
tions and dynamics, and nitrogen availability (Cavigelli et. 
al, 2008). Although the five cropping systems differ in many 
factors (e.g., tillage, nutrient source, herbicide use), univar
iate analysis still provides valuable insights into how these 
variables impact cropping system performance. 
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CHAPTER 4 

TABLE 4.2. Coefficients for the First Two Principal 
Components (PCs) for 10 Soil Variables 

VARIABLE PC1 PC2 

Properties determined by parent soil type 

     Percent clay 0.034 0.460* 

Ephemeral properties mainly determined by management 

N-mineralization potential 0.482* –0.082 

Inorganic N (NH + + NO –)
4 3 

–0.482* 0.177 

Electrical conductivity –0.312* 0.169 

Properties influenced by both management and soil type 

Cation exchange capacity 0.090 0.576* 

pH 0.349* –0.044 

Exchangeable K 0.462* 0.046 

Phosphorus 0.081 0.443* 

Total Kjeldahl N 0.364* 0.244 

Wet aggregate stability –0.085 0.360* 

Asterisks indicate variables that had sufficient loading to be 
considered significant. From Drinkwater et al. (1995). 

The first two PCs (PC1 and PC2, shown in Figure 4.1) 
accounted for 31 and 24 percent of the total variance, 
respectively, based on the loading, which is a calculated 
coefficient by which each original variable is multiplied to 
identify an overall component score for each observation. 
For example, PC1 showed a clear separation of organic 
and conventional fields and was composed of soil proper
ties likely to be strongly affected by management practices 
(inorganic nitrogen pools, nitrogen-mineralization potential 
and electrical conductivity, Table 4.2). Total Kjeldahl nitro
gen, exchangeable potassium and pH also contributed sig
nificantly to separation along this axis, as indicated by the 
loadings, which suggested a strong effect of management on 
these properties (Table 4.2). In contrast, separation of three 
Vertisols under conventional management occurred along 
PC2, primarily due to greater clay content with high cation 
exchange capacity and wet aggregate stability. Organic and 
conventional fields did not segregate along this axis. Thus, 
PC2 reflected variation that was mostly associated with 
differences in soil type among sites. 

Based on PCA of the 10 soil variables, the authors iden
tified four distinguishable management categories: fields 
in organic management for more than three years, fields in 
organic management for less than three years, conventional 
fields not on Vertisols, and conventional fields on Vertisols. 
They then used these categories in a CDA to test the hypoth
esis that management effects would be more pronounced un-

FIGURE 4.2. Canonical Discriminant Analysis (CDA) of Organic and Conventional Treatments to Segregate 
Effects of Management-Influenced and Inherent Soil Properties 
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CANONICAL FUNCTION ONE 

The first and second canonical functions are 
shown, using only management-affected soil 
characteristics (total organic N, organic C, C:N 
ratio, N-mineralization potential, inorganic N, 
percent of inorganic N pool present as NH

4 
+ , 

pH and electrical conductivity). Symbols: 
l = organic management >3 years; 
▲= organic management <3 years; 
l = conventional management except sites 

on Vertisols; 
u = conventional sites on Vertisols. 

From Drinkwater et al. (1995). 
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