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most levels of soil erodibility, increases in the area in conservation 
tillage were associated with increased export of N and increases 
in the area in the CRP were associated with increased export of 
P. Th e increase in export became less pronounced as soils became 
more erodible. Th e slope of the relation between predicted 
export and the area in management practices progressed from 
being clearly positive when soil erodibility was low or moderate, 
to being close to zero when soil erodibility was higher, to possibly 
being slightly negative at the highest levels of soil erodibility in our 
data. As noted earlier, this occurred around the 90th percentile 
of soil erodibility for N export and area in conservation tillage 
(Fig. 3a) and the 95th percentile of soil erodibility for P export 
and area in the CRP (Fig. 3b).

Figure 3 also shows partial residuals for the 
area in conservation tillage (N) and the area in 
the CRP (P), calculated as:

p, f , mp mp, mp:se mp, se,i i i i ir r b X b X X= + +  [6]

where rp,i is the partial residual at site i, rf,i is the 
ordinary residual from the full model at site i, 
and Xse,i is the centered soil erodibility at site 
i. Th e partial residuals were mean adjusted as 
described above to put them on a scale similar to 
the observed export values. Th e partial residuals 
then were subset into six groups based on ranges 
of centered soil erodibility that corresponded to 
the percentiles used to predict export (0–15th, 
15th–35th, 35th–65th, 65th–85th, 85th–92nd, 
92nd–100th percentiles of soil erodibility in our 
data). Th e partial residuals show the variation in 
N and P export remaining aft er the removal of 
variation attributable to the other model variables 
(e.g., the remaining variation in export is likely 
related to changes in the respective management 
practices and any other unidentifi ed variables 
aff ecting export). As a result, these partial 
residuals provide a clearer indication of the 
relation between export and area in the respective 
management practices at the study sites than 
could be seen using the observed values of export 
instead. Th e pattern of partial residual points, 
therefore, provides a measure of validation for 
the lines of partial predicted export. In general, 
the patterns of partial residuals corresponded 
well to the patterns of partial predicted export for 
varying ranges of soil erodibility. At the highest 
levels of soil erodibility, however, the patterns of 
partial residuals were not as clearly negative as the 
patterns of partial predicted export. As such, the 
relations between export and area in the respective 
management practices were indeterminate at the 
highest levels of soil erodibility.

Th ere also were positive associations 
between area in the CRP and N export and 
area in conservation tillage and P export across 
all watersheds; there were no interactions with 
soil erodibility with these variables (Table 2). 
Th ese results indicate that an increase in area 
in the CRP was associated with an increase in 

N export in all watersheds, regardless of the soil erodibility. 
Similarly, an increase in area in conservation tillage was 
associated with an increase in P export in all watersheds, 
regardless of the soil erodibility.

One of the primary goals of both conservation tillage and 
the CRP is to reduce soil erosion and runoff , thereby reducing 
nutrient transport to streams. Small-scale fi eld and modeling 
studies have shown that both types of management practices 
can be eff ective at reducing soil erosion in areas with erodible 
soils (e.g., McDowell and McGregor, 1984; Uri et al., 1998; 
Nyakatawa et al., 2001; Zheng et al., 2004). At larger scales, 
however, trend analyses of nutrients in streams have found that 

Fig. 3. Partial residuals and partial predicted export showing the relation between (a) 
total nitrogen (N) export and the area in conservation tillage and (b) total phosphorus 
(P) export and the area in the Conservation Reserve Program at di� erent levels of soil 
erodibility.
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