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EXECUTIVE SUMMARY 

The objective of this research was to arrive at a quantitative and 
qualitative assessment of nonpoint sources of potential excess N under 
different land use/land cover (LULC) categories in the Neuse River Basin 
on a seasonal time scale. This assessment is being supplied to EPA’s 
Landscape Characterization Branch, National Exposure Research 
Laboratory, in Research Triangle Park, NC, for inclusion in a hydrologic 
model to predict seasonal fluxes of N from the terrestrial landscape to 
surface receiving waters and groundwater i.n the,,,Ne,use River.~,Bas,in, ,,. ” 

The analysis was performed in the following five steps: (1) development 
of a conceptual model to predict potential excess N on land, (2) a 
literature review to parametrize N fluxes under LULC categories found in 
the Neuse River Basin, (3) acquisition of high resolution (15-m pixel) LULC 
data from EPA’s Landscape Characterization Branch, National Exposure 
Research Laboratory, in Research Triangle Park, NC, (4) acquisition of a 
soil N inventory map for the Neuse River Basin, (5) calculations of 
potential excess N on a seasonal basis for the entire ,Neuse River B&n., 

In the present model, potential excess N was calculated as the difference 
between inputs to and outputs from an inorganic N pool. If inputs 
exceeded outputs, then the difference was assumed to represent 
potential excess N (X, units are g N m-2 per unit time) at risk of loss from 
the landscape to surface receiving waters and groundwaters: 

X = (I + F + M) - (U + Dj, 

where I is ,atmospheric N deposition, F is fertilizer N inputs, M is net N 
mineralization, U is uptake of N by plants, and D is denitrification. Data on 
the five primary processes that contribute to potential excess N under 
different LULC categories were obtained from a literature review. In most 
cases, median values were chosen as the summary statistic best suited 
to estimate N fluxes. Factors were also estimated to apportion annual N 
fluxes among different seasons (spring, summer, fall, and winter). 

The model was implemented in two versions. In the first version (Model 
1), the seasonal estimates of potential excess N were applied to each 
pixel of the LULC grid. This approach yields a mass-balance model of 
potential excess N based simply on LULC for each season of the year. In 
the second version (Model 2), we accounted for the effect that total soil N 
has on mineralization by utilizing a first-order model for mineralization and 
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incorporating that value into the mass-balance calculations. Model 2 
required creation of an individual grid for each N flux (I, F, M, U, and D) for 
each season. The grids were generated by applying literature-derived 
values for each parameter multiplied by seasonal factors to each pixel 
based on LULC category. 

Results from both models indicate large areas of land surrounding the 
lower reach of the Neuse River as well as pixels bordering streams and 
tributaries may act as potential “N sinks” because potential N outputs 
exceed N inputs. Landscape patches that corresponded to potential ‘N 
sources” appeared to be influenced primarily by soil N inventories and 
rates of net soil N mineralization (which is a natural process). The overall 
flux of N in net soil N mineralization was generally lower in Model 2 than in 
Model 1. Finally, although there are no field data to validate predictions 
of potential excess N from Model I or 2, we believe predictions from Model 
2 are more realistic because of the additional information supplied by 
estimated stocks of surface soil N across the Neuse River Basin. 

e 

Despite many shortcomings, ‘predictions from the model are useful for the 
original objective of this research: helping to develop a landscape based 
tool for implementing best management practices to abate N loading to 
surface receiving.waters in the Neuse River Basin through the 
identification of potential N sources and sinks by LULC category. With 
output from the model, landscape patternS of potential excess N in the 
Neuse River Basin can be evaluated in the context of the nutrient storage 
capabilities of different terrestrial ecosystems, the proximity of terrestrial 
N sources to streams and rivers, and the likelihood of intercepting N 
runoff from the landscape as it moves through vegetated riparian buffer 
zones, wetlands, or soils where removal processes (like denitrification) 
might help to reduce N loading to aquatic systems. Both Model 1 and 
Model 2 predicted that there are large land areas in the Neuse River 
Basin that could be classified as either a N source or a N sink. Such .areas 
are potentially sensitive because future changes in land use, or small 
alterations in N fluxes, could convert areas that are essentially in balance 
with respect to N biogeochemistry into the N source or N sink category. 
In this respect, model predictions indicate that the timing of N inputs and 
outputs on the landscape can be a critical determinant of potential excess 
N and the possible export of N from terrestrial to aquatic ecosystems. 
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1. INTRODUCTION 

Excess nitrogen (N) is an important contributor to the nutrient enrichment 
of surface waters and the widespread international problem of aquatic 
eutrophication?* Elevated nitrate concentration in groundwater is 
another result of excess soil N .in some parts of the United States. For 
example, nitrate concentrations in unpolluted groundwater are normally 
~2 mg L-1, but median nitrate concentration in groundwater from the 
Georgia-Florida coastal plain is 5.8 mg L-1 or approximately half the 
maximum contaminant level for drinking water established by the United 
States Environmental Protection Agency.4 

Direct and indirect human health endpoints are potentially associated 
with elevated N concentrations in surface water and groundwaters. 
Direct human health effects include infant methemoglobinemia (blue baby 
syndrome), which is attributed to excessive levels of nitrate in drinking 
water, and non-Hodgkin’s lymphoma.5 Indirect effects include harmful 
algal blooms in surface receiving waters and downstream estuaries. 
Studies indicate a worldwide increase in the prevalence of toxic algae and 
heterotrophic dinoflagellates? that cause various types of shellfish 
poisoning, including amnesic and paralytic shellfish poisoning. Nutrient 
exports from the terrestrial landscape to surface receiving waters and 

‘estuaries may be one causal factor contributing to the occurrence of 
harmful algal blooms and hypoxia in coastal waters.’ 

Export coefficients have been used for more than 25 years to predict 
nutrient losses from the terrestrial landscape to surface receiving waters. 
Beaulac and Reckhow’ and later Frinkg published extensive reviews of 
export coefficients used to assess terrestrial nonpoint sources of nutrient 
loading. Export coefficients can be combined with information on land use 
and land cover to predict terrestrial N export, but precision is poor 
because the variability in expert coefficients is large (Table 1). There are 
also numerous sources of temporal and spati,aI variation (e.g., soil -type, 
fertilizer type and amount, crop type, and land management practices) 
that can not be fully incorporated into export coefficients. Uncertainties in 
export coefficients are a serious limitation to their use for estimating N 
loading to surface receiving waters. 

Statistical models have been used to improve predictions of N export from 
the terrestrial landscape by accounting for variation in annual or monthly 
ru noff’O*” and land use practices.12113t14 Empirically derived statistical, 
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relationships can be used to reduce some of the uncertainty associated 
with the selection of export coefficients for different LULC categories. 
However, export coefficients and other empirically derived statistical 
models do not convey information about which terrestrial ecosystem 
processes are potentially important contributors to nonpoint source N 
loading. Predictive tools that integrate remote sensing and landscape 
analysis with an understanding of terrestrial N cycling are needed to 
implement best management practices at the watershed scale with the 
goal of reducing nonpoint source N pollution to rivers and coastal waters 
across the United States. 

Table 1. Range in mean and median export coefficients for N and P from 
different LULC categories. The number of literature sources is shown in 
parenthesis. 
-----------------------------------------~,~-------------------------------------------------- 

Expoz, coefficient (g m-2 yr-1) 
------------------------------------------------------------ 

Land cover category . Nitrogen Phosphorus 
-u_------------------------------------------------------------------------------------~---- 
For&t 0.01 - 0.8 (12) 0.001 - 0.028 (10) 
Cropland 0.32 - 3.3 (15) 0.022 - 0.680 (14) 
Grassland/pasture . 0.03 - 0.6 (8) 

* Urban 
0.032 - 0.082 (7) 

0.50 - 2.8 (13) OiO30 - 0.245 (13) 
----------------------------------------------------------------------------------------~--- 
Source: Frink, C. R. 1931. Estimating nutrient exports to estuaries. 
Journal of Environmental Quality 20: 717-724. 

2. OBJECTIVES 

The initial objectives of this study’* were: 

(1) to quantify the potential flux of N and P from terrestrial non-point 
sources (i.e., contributing sources) in the Neuse River Basin, and 

(2) to model the seasonality and potential N and P flux from terrestrial 
systems to aquatic systems flowing into the Neuse River. 

As the research progressed, the objectives were amended. Tasks related 
to P export were omitted and the project was directed entirely to 
developing a landscape based model for predicting potential excess N. 

The research was redirected to N for the following reasons: 
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(1) export coefficients for N are much more variable th.an those for P and 
this uncertainty indicates a greater need to study factors affecting N 
export from different LULC types to surface receiving waters, 

(2) data on P biogeochemistry under different LULC categories are far 
more limited than for N which greatly increases the uncertainties 
associated with modeling potential excess P under different land covers, 

(3) N is critical stimulus for coastal eutrophication and harmful algal 
blooms in N-limited estuaries and shallow coastal waters,16 and 

(4) finally, long-term monitoring data suggest that P loadings to the 
Neuse Estuary are declining while N loadings are increasing.l’ 

The modified objective was to a,rrive at a quantitative and qualitative 
assessment of nonpoint sources of potential excess N under different 
LULC categories in the yeuse River Basin on a seasonal time scale. This 
assessment is being supplied to EPA’s Landscape Characterization’ 
Branch, National Exposure Research Laboratory, Research Triangle Park, 
NC, for inclusion in a hydrologic model to predict seasonal fluxes of N from 
the terrestrial ‘landscape to surface receiving waters and groundwater in 
the Neuse River Basin. 

3. STUDY PLAN 

The analysis was performed in the following five steps: 

(1) development of a conceptual mass balance model to predict potential 
excess N on land, 

(2) a literature review to parametrize N fluxes under LULC categories 
found in the Neuse River Basin, 

(3) acquisition of high resolution (l-5-m pixel) LULC data from EPA’s 
National Exposure Research Laboratory, in Research Triangle Park, NC, 

(4) acquisition of a soil N inventory map for the Neuse River Basin, 

(5) .GIS calculations, of potential excess N on a seasonal basis for the 
entire Neuse River Basin. _ I ., 

. 
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The technical approach outlined in this report can be used to assess the 
effect of changes in terrestrial N fluxes on potential excess N and how 
best management practices might be implemented on the landscape to 
mitigate the likelihood of nonpoint source N pollution. 

4. CONCEPTUAL MODEL 

A “long-term concept” for N mass balance on agricultural land was 
described more than 25 years ago by FriedI’ and subsequently modified 
by Tanji et al.” Since those precedents, numerous studies have 
employed a mass balance approach to estimating N losses from terrestrial 
landscapes. 20,21,22 23,24,25,26,27,28 

In the present model, potential excess N was calculated as the difference 
between inputs to and outputs from an inorganic N pool. Generally, 
inorganic N does not accumulate in soils, thus the difference between 
inputs and outputs was assumed to be excess N subject to loss through 
surface runoff and leaching below the root zone. 

Even though nitrate is more readily leached than ammonium, no 
distinction was made between ammonium- and nitrate-N as potential 
contributors to N leaching. For this reason, the calculations ‘of N export 
are “conservative” and may overestimate potential N losses. Like other 
mass balance calculations of this kind, it was assumed that the soil-plant 
system is at steady state with respect to the soil N inventory. . 

Potential excess N (X) for a particular LULC category was calculated 
according the following mass balance equation (units are g N m-2 per unit 
time) : 

X=(I+F+M)-(U,+D), 

where I is atmospheric N deposition, F is fertilizer N inputs, M is net N 
mineralization, U is uptake of N by plants, and D is denitrification. 

The difference between N inputs and outputs (X) is’ called “potential 
excess N” for the following reasons: 

1. atmospheric N deposition will be highly dependent on local conditions 
(e.g., the proximity to localized N sources) and is largely controlled by 
precipitation which can exhibit significant spatial and temporal variation, 
therefore the actual N deposition to a given pixel may vary widely from 
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the regional average used in the model, 

2. in many cases, fertilizer N inputs are not precisely known and are 
approximated on the basis of best available information, 

3. net N mineralization was summarized as a potential annual rate which 
may or may not be realized depending on variations in soil properties and 
climate, 

4. plant uptake of available inorganic N is based only on estimates of 
aboveground biomass production (measurements of belowground 
biomass production are rare in terrestrial ecosystems and, consequently, 
this flux is usually unknown), and 

5. estimated annual losses of soil N through denitrification for each LULC 
category are approximate because this process is highly episodic and is 
strongly affected by the timing of precipitation events. 

Fluxes in the model are illustrated in Figure 1. Equation 1 was solved on 
a seasonal basis. Seasonal N fluxes were estimated by multiplying each 
annual N flux by an associated seasonal factor representing the fraction 
of the annual flux that occurred during spring, summer, autumn, and 
winter. Seasonal factors were derived on the basis of the literature 
review, expected intra-annual variations in climate, and best professional 
judgment. 

Using equation 1, different LULC categories can be a potential N source or 
N sink depending upon the mass balance between N loading and N losses 
from inorganic N stocks (X). When inputs exceeded outputs, potential. 
excess N assumed a positive value. In other words, potential excess 
inorganic N was indicated when the estimated assimilative capacity of 
plant biomass and denitrification was exceeded by N loading from 
atmospheric deposition, fertilizer applications, and net N mineralization. 

Net primary production in terrestrial ecosystems in the southeastern 
United States is frequently limited by available inorganic soil N. 
Widespread N deficiencies create the potential for some LULC categories 
to act like potential, N sinks. Forest ecosystems are generally N sinks and 
wetlands are generally strong N sinks. .n)egative values for potential 
excess N identify potential sinks for N on the landscape or areas were the 
potential assimilative capacity of vegetation and denitrification exceeds 
estimated ,N inputs. Beyond this theoretical significance, negative values 
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for potential excess N have no true biological meaning. 

Finally, we arbitrarily defined some LULC categories as borderline or “too 
close to call” with respect to whether the areas were N sources or N 
sinks. A final qualitative analysis of potential excess N in the Neuse River 
Basin divided the landscape into 3 broad categories: (1) potential N 
sources (X 11 g N m-a), (2) potential N sinks (X 5-l g N m-z), and (3) 
potentially either a N source or N sink (-1 g N m-2 I X I+1 g N m-2). 

Figure 1. Conceptual model of processes contributing to potential excess 
N. Potential excess N (X) is at risk of export from the terrestrial system to 
surface receiving waters and groundwater. 
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5. LITERATURE REVIEW 

Data on five primary processes that contribute to potential excess N 
under different LULC categories were obtained from a literature review. 
Inputs to inorganic N include atmospheric deposition (I), additions of 
fertilizer N (F), and inorganic N released through decomposition of organic 
matter or net N mineralization (M). Outputs from the inorganic N pool 
included N uptake by plants (U) and denitrification (D). 

The purpose of the literature review was toderive best estimates of .,.... 
process flux rates under different LULC categories for use in the mass 
balance N model. Factors were also estimated to apportion annual N 
fluxes among different seasons (spring, summer, fall, and winter). The 
timing of inputs and outputs can be a critical determinant of potential 
excess N and the possible export of N from terrestrial to aquatic 
ecosystems. 

In most cases, median values we,re chosen as the summary statistic best ..*.“. -_ _. ^L”. 
suited to estimate. B fluxes., The median &,a ” .c. ./,. . ,\” “robust”, nonparametric . ..ti”.\rii ~, .dL*i 
measure of central tendency and is’ less sensitive to anomalous or 
extreme data than the arithmetic mean. Frequency distributions for many 
of the summarized ecosystem processes suggested that N fluxes are not 
normally distributed, but it was impossible to make unequivocal 
statements about the probability distributions that describe N flux, data 
within a particular LULC category ,in North Carolina. The use of median 
values also allowed us to preserve the original units of measurement 
rather than working in abstract units derived through a data 
transformation (e.g., logarithms). 

5.1 Atmospheric N Deposition (I) 

Atmospheric N, deposition is comprised of wet (precipitation, snowfall, and 
cloud or fog water) and dry deposition (gases, aerosols, and coarse 
particle deposition). Data on wet deposition were obtained for five 
monitoring stations that are part of the ,National Atmospheric Deposition 
Program/National Trends Network ( NADP/NTN)2g in North Carolina (Table 
2). Data from Sampson, Lewiston, Rowan, Scotland, and Wake counties 
were used to estimate annual wetdeposition in the Neuse River basin. 
Over a 5-year period, the median value for wet deposition was 0.5 g N 

m-2 yr-1 (similar to the mean value of 0.48 g N m-2 yr-1). 
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Table 2. Average seasonal and annual wet deposition of inorganic N at 
five NADP/NTN monitoring stations in North Carolina (1993 to 1997). 
-------------------------------------------------------------------------------------------- 

Deposition (g N m-2) 
NADP/NTN ----------------------------------------------------------- 
Station NC County Spring Summer Autumn Winter Annual 
-------------------------------------------------------------------------------------------- 
NC 35 Sampson 0.11 0.24 O.lO- 0.07 0.51 
NC 03 Lewiston 0.12 0.16 0.08 0.07 0.41 
NC 34 Rowan 0.13 0.18 0.08 0.10 0.54 
NC 36 Scotland 0.10 0.16 0.09 0.08 0.42 
NC 41 Wake 0.17 0.15 0.09 0.08 0.50 

Mean 0.13 0.18 0.09 .. 0.08 0.48 
(27%) .( 38%) (19%) (16%) 

-------------------------------------------------------------------------------------------- 

A scaling factor to convert wet deposition to total N deposition (wet + dry 
deposition) was derived from data collected during the Integrated Forest 
Study.30,3’ This scaling factor averaged 2.0 across four sites in the 
southeastern United States (Table 3). Thus, total atmospheric N 
deposition, not directly influenced by strong atmospheric sources (like 
livestock operations), was assigned a value of 1.0 g N m-2 yr-1 in the 
Neuse River Basin. 

Seasonal factors for atmospheric N deposition were derived from 
NADP/NTN data. The fraction of annual wet deposition that occurs in a 
given season was averaged over 5 NADP/NTN stations in eastern North 
Carolina to arrive at seasonal factors for N deposition (Table 2). ‘The 
seasonal pattern in atmospheric N deposition indicated a summer 
maximum (0.38) and a winter minimum (0.16). These factors are 
ap’proximate and we recognize that large inter-annual variability in 
precipitation may be an important control on N fluxes from the terrestrial 
landscape to surface receiving waters.32 

Our model assumes that the NADP/NTN data represent a regional mean 
value for deposition that includes all sources. However, there are a 
number of localized sources that will affect N deposition at any given pixel 
on the map. In particular, the ventilation systems, waste lagoons, and 
manure spray fields at animal operations represent major local sources 
within the Neuse River basin. To the extent that these sources can be 
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quantified on a spatial basis, they could be incorporated into later 
versions of the current model. Lacking such information, however, we . . 
have restricted the model to consider only non-point sources. 

Table 3. Atmospheric N deposition over a three year period (1986-1989) 
at four locations in the southeastern United States. 
----------------------------------------------------------------------------------------~--- 

Deposition (kg N ha-1 yr-1) 
-------------------------------I---------~---~-------------------------~-.- 

DW Wet Total Ratio 
------------------------- ------------------------- Dry + Total : 

Location’ N03-N NH+N Total NO+N NH+N Total Wet Wet 
-------------------------------------------------------------------------------------~------ 

Coweeta, NC 2.5 0.63 3.1 2.1 1.9 4.1 7.2 1.76 
Duke, NC 5.5 1.4 6.9 2.8 4.3 7.1 14 1.97 
Eatonton, GA 4.4 0.9 5.3 2.1 1.6 3.7 9.1 2.46 
Oak Ridge, TN 4.1 0.36 4.5 3.0 2.5 5,5 10.0 1.82 
Mean 2.00 
Coefficient ‘of variation 0.16 . --------_------_---------------------------------------------------------------------------- 
Source: Lovett, G. M., and S. E. Lindberg. 1993. Atmospheric deposition 
and canopy interactions of nitrogen in forests. Canadian Journal of Forest 
Research 23: 1603-1616. 

I 
5.2 Nitrogen Fertilization (F) 

Data on major agricultural crops in the Neuse River basin were obtained 
from McMahon and LIoyd33 (as summarized by Osmond et al.34) More than 
95% of the agricultural land in the Neuse River Basin is planted in the 
following six major crop types: soybeans, cotton, corn, tobacco, wheat, 
and hay. Fertilizer N inputs were based on crop specific rates of fertilizer 
application. 

Recommended rates of N fertilizer for row crops and forage pastures- in 
North Carolina range from 0 to 25 g N m-2 yr-1? Annual rates of N 
fertilization for major crop types in the Neuse River basin were estimated 
from national, regional, and state data (Table 4). 

Although soybeans fix atmospheric N2, 1995 agricultural statistics 
indicated that 44% of the soybeans planted in North Carolina received 
fettiiizer at a rate of 4.6 g N m-2 yr-1 (41 Ibs acre-l). Averaged over all 

, 
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soybeans planted, the annual rate of N fertilization was estimated at 2.1 
g N m-2 yr-1. Fertilizer usage statistics for 1995 also indicated that 98% 
of the corn planted in North Carolina received fertilizer at an annual rate 
of 24 g N m-2 (215 Ibs acre-l). For other crops, fertilizer rates vary from 
8.6 to 21.8 g N m-2 yr- 1. ’ Depending on crop type, current estimates of 
fertilizer N inputs were similar to or different from those recently 
published. 

Table 4. Estimated rates of N fertilization for agricultural field crops in the 
Neuse River basin. Data,are from the National Agricultural Statistics 
Service (http://www.usda.gov/nass/) and the North Carolina Agricultural 
Statistics Service (http://www.agr.state.nc.us/stats/). 
-------------------------------------------------------------------------------------------- 

Crop Specific Estimated Fertilizer Rate 
Fertilizer Rate (yr-1) (g N m-2 yr-1) 
-----_-------------------- ---------------------------------- 
Jbs N OJ 

Crop acre-1 m-2 Current Previous (a) --_----------------------------------------------------------------------------------------- 
Soybeans 24 (b) 0.41 
Soybeans 39 (c) 4.6 2.1 0 
Cotton 100 (b) 8.6 
Cotton 92 NJ) 10.3 9.5 9.0. 
Corn 133 (b) 14.9 
Corn 114 (e) 12.8 
Corn 215 (f). 24.1 24.1 15.7 
Winter wheat 61 (b) 6.8 
Spring wheat 67 (b) 7.5 7.2 12.3 
Tobacco 88 (b) 9.8 
Tobacco 86 (e) 9.6 ;fo :fl l5 7 
Hay/other crops -- -- . .- . 
----------------------------------- --------------------------------------------------------- 

Notes: 
(a). estimates from McMahon and Woodside (1997)36 
(b) average over all US acreage planted 
(c) 44% of the soybeans in NC received N fertilizer at a rate of 41 lb 
acre-1 in 1995 
(d) average for southeastern states 
(e) data specific to North Carolina 
(f) 98% of the corn in NC received N fertilizer at a rate of 215 lb acre-l in 
1995 



13 

Although commercial, fertilizers are used in urban areas, nonfarm uses of 
commercial fertilizers are only 15% of the U.S. fertilizer demand.37 
Maintained herbaceous vegetation (primarily lawns) and unspecified 
agricultural categories were assigned a default fertilizer value of 10 g N 
m-2 yr-1. Negligible inputs of commercial N fertilizer (F = 0) were assigned 
to barren land, fallow agricultural land, natural herbaceous vegetation, 
forests, wetlands, and surface waters. 

With the exception of row crops, seasonal factors for N fertilization were 
estimated from commercial fertilizer tonnage shipped to North Carolina 
from July 1998 through June 1999.38 .The fraction of annual N fertilization 
allocated to spring, summer, autumn, and winter was 0.58, 0.17, 0.10, 
and 0.16, respectively, for all LULC categories except corn, cotton, - 
soybean, and tobacco. Annual N fertilization for the latter four row crops 
was evenly divided between spring (0.50) and summer (0.50). 

5.3 Net Soil N Mineralization (M) 

Net soil N mineralization is influenced by many factors, including 
vegetation type.39,40,41,42,43,44,45 Although rates of net N mineralization can 
exhibit large variations across relatively short distances,46,47*48 some data 
suggest that rates at a particular site exhibit small variations between 

. years with similar climate conditions.4g A review of the foregoing studies 
suggested that LULC category can be used to characterize spatial 
patterns in net N mineralization over a regional landscape such as the 
Neuse River basin. 

. 

Data on net soil N mineralization, from the literature review, were 
assigned to defined LULC categories (Appendix I). Estimates of annual 
net N mineralization based on-lab studies were significantly greater than 
those based on field stud.ies (Mann-,.W”hitney U test, a = 0.001). Lab 
studies may overestimate actual rates of net N mineralization ~i,n the field . ,_ “.‘S ._,.-, _,.A *,2 ,,_...^ 
because lab studies are usual1.y performed on sieved soil under constant 
temperature and moisture conditions. For this reason, laboratory studies 
were omitted and estimates of net soil N mineralization for the model 
were based solely on the remaining field studies. 

Table 5 presents summary statistics for estimates of net N mineralization 
based on the literature review. Herbaceou,s and forest land. covers were- 
the only categories with a sufficient number of published field 
measurements. Measurements of net N mineralization in forests were 
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normally distributed while those under herbaceous vegetation were 
positively skewed. Differences between rates of net N mineralization in 
forest and grassland soils were statistically significant (Mann-Whitney U 
test, a = 0.05). 

Table 5. Summary statistics for field studies of net soil N mineralization 
(see Appendix I). 
--------------------------------------------------------------------------------------------- e 

Percentile 
LULC --------------------------------------------------- 

Variable category n 10th 25th 50th 75th 90th 
--------------------------------------------------------------------------------------------- 

Net N mineralization (g N m-2 yr-1) 
Forest 128 
Herbaceous 62 

2.6 4.1 7;3 9.1 11.3 
1.5 2.3 3.5 6.0 7.7 

All data 190 1.9 3.0 5.9 8.4 10.9 

Net N mineralization rate (yr-1) 
Forest 82 0.010 0.015 0.021 0.034 0.054 
Herbaceous 62 0.009 0.018 0.028 0.044‘ 0.062 
All data 144 0.009 0.015 0.023 0.040 0.060 

The following values for net N mineralization (g N m-2 yr-1) were assigned 
to land cover categories with missing data: fallow agricultural land (3.5, 
same as herbaceous vegetation), row crops and general agricultu.ral land 
(5.9, median value for all field data), barren and urban land (0), water (0), 
and wetlands (10.9, the 90th percentile for all field data). 

In addition, a close inspection of the data (Appendix I) indicated that 
most studies of net soil N mineralization were from locations outside the 
southeastern United States. Twelve studies of net soil N mineralization 
from southeastern states indicated a median value of 5.1 g N m-2 yr-1 
with 10th and 90th percentiles of 0.2 and 10.8 g N m-2 yr-1, respectively. 
A regional value of 5.1 g N m-2 yr-1 was assigned to M in the final model 
for forest land. Overall, the literature review indicated that annual rates 
of net N mineralization range from 1 to 6% of the surface soil N inventory. 

The fraction of annual net .N mineralization occurring in spring, summer, 
fall, and winter was 0;4, 0.3, 0.2, and 0.1, respectively. The assumed 
seasonal pattern was consistent with prior studies of seasonal variation 



15 

in net spil N mineralization that indicate a spring maximum and a.w,inter 
minimum for this process.50”‘f52~53’54’55,” Elevated levels of N mineralization 
are expected during the spring when warming temperatures stimulate 
soil microbial activity and decomposition of soil organic matter. 

Estimates of annual fluxes (g N m-2 yr-1) and rates (yr-1) of net soil N 
mineralization presented the opportunity to compare predictions of 
potential excess N in the Neuse River Basin from two different landscape 
based models. The first approach, referred to as “Model I”, was based 
solely on LULC categories derived from remote sensing data. The second 
approach, referred to as “Model 2”, was partially based on an estimate of 
soil N inventories. 

In Model 1; annual fluxes of net soil N mineralization (M) from Table 5 
were simply assigned to each LULC category. In Model 2, the soil N 
inventory (g N m -2 to a 30 cm soil depth) was multiplied by an annual net 
N mineralization rate (yr-I), based on the literature review, to arrive at 
the annual flux of N entering the available soil N pool (X) for each 15-m 
pixel in the LULCmap. Thus, the flux of net soil N mineralization was a 
function of both the LULC (Table .5) and the soil N inventory underlying 
.each 15-m pixel in the LULC map. Predictions fro-m Model 2 accounted for 
regional differences in soil N stocks within the Neuse River Basin while 
predictions from’ Model 1 could not account for such differences. 

A national map5’ was used to derive a map layer of soil N inventories in 
the Neuse River Basin. The map had a 1 km2 resolution and was based 
on total soil N measurements from the National Soil Characterization 
Database (NSCD) and information on soil taxonomy in the State Soil 
Geographic (STATSGO) database.‘* 

5.4 N Uptake By,Plants (U) 

Numerous factors affect soil N uptake by plants, including land cover and 
land use. Data on annual N uptake by plants were assigned to previously 
defined LULC categories based on published descri,ptions of vegetation in 
each study that was reviewed (Appendix II). Only N uptake by 
aboveground biomass wasconsidered because. N storage in roots was s..s. I.“,C” , YV ,. c.” .-. _*a_\, w*.w a -!*&,: _ i.,, & 4&” y.#ii* _ 
assumed to be returned annually to soil organic N through root mortality 
and decomposition. There are very few reliable data on wh.ich to build.,, . 
estimates of root N dynamics. . 
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Summary statistics for annual N uptake by plants are presented in Table 
6. The median values for N uptake by crops, herbaceous vegetation, and 
herbaceous wetlands were similar (=I2 to 14 g N m-2 yr-1) and greater 
than the median value of N uptake by forests. Estimates of N uptake by 
soybeans were almost twice those of other row crops due, in part, to N2 
fixation. Nitrogen fixation by soybeans tends to decline with additions of 
N fertilizer, but as a general value for plant uptake we assumed that 25% 
of the N uptake by soybeans was derived from soiLsg 

Table 6. Summary statistics for N uptake (g N m-2 yr-1) by land cover 
category (“n” denotes the number of measurements from literature 
sources in Appendix II). 
_____-__---_---__----------------------------~----------------------------------------------- 

Percentile 
--------------------------------------------------- 

LULC category n 10th 25th 50th 75th 90th 
-___----------------------------------------------------------------------------------------- 

Agriculture (general) 439 6.4 9.1 13.5 18.9 
Row 

22.6 
crops 

Corn 261 5.8 7.9’ 12.2 16.3 20.1 
Cotton 27 7.2 8.3 9.2 10.4 12.3 
Tobacco 6 7.1 10.6 14.0 16.0 19.2 
Soybeans 9 13.6 19.6 21.6 22.8 27.4 

Herbaceous 130 3.7 6.9 12.2 21.6 42.0 
Forest 58 2.5 4.5 6.2 8.8 11.6 
Emergent Wetlands 13 5.0 7.1 12.5 18.1 34.0 
--------------------------------------------------------------------------------------------- 

Frequency distributions for measurements of N uptake by agricultural 
crops, herbaceous vegetation, and forests were positively skewed. The, 
median estimate of soil N uptake by forests (6.2 g N m-2 yr-1) compared 
well with previously published mean (&SD) estimates of N uptake by 
temperate coniferous forests (4.7 f 1.7 g N m-2 yr-1) and temperate 
deciduous forests (7.5 f 1.8 g N m-2 yr-I)?’ Plant N uptake by wooded 
wetlands was assigned the same value used for forests, and plant N 
uptake by herbaceous wetlands was assigned a median value of 12.5 g N 
m-2 yr-1. Negligible plant uptake of soil N (U = 0) was assumed for urban 
land, barren land, and surface water. 

Seasonal variation in N uptake by plants was assumed to track expected 
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seasonal differences in plant tissue production. Generally, N uptake 
under all LULC categories is lowest during autumn and winter when 
biomass production and plant demands for soil N decline. The fraction of 
annual N uptake occurring in spring, summer, fall, and winter was 0.4, 
0.3, 0.2, and 0.1 for all LULC categories except corn, cotton, soybeans, 
and tobacco. For the latter four row crops, plant N uptake was evenly 
divided between spring and summer. 

5.5 Denitrification (D) 

There are numerous environmental factors that interact to cause both 
temporal and spatial variation in denitrification, including: plant 
community type,61*62863 soil moisture,64*65r66V67 and season of the yea,r168*6gP70 
Denitrification data, from the literature review, were assigned to one of 
the previously defined LULC categories based on published site 
descriptions (Appendix III). 

Denitrification rates are frequently reported in daily or weekly time units 
because extreme temporal variation can result from precipitation or 
irrigation events that stimulate episodes of denitrification in soil.71t72 In 
order to integrate over short-term fluctuations in soil nitrate availability, 
temperature, and soil moisture, the present analysis included only 
reported annual denitrification rates. 

Measurements of denitrification in soils ‘under agriculture, herbaceous 
vegetation, and forests were positively skewed. Table 7 presents the 
median values for annual denitrification rates by land cover type. 
Considering four LULC categories, higher denitrification rates were 
reported under agricultural land and herbaceous vegetation than under 
forest cover, but the chief difference between LULC.categories was 
greatly elevated denitrification rates in wetland soils versus non-wetland 
soils. Negligible denitrification (D = 0) was assigned to urban land, barren 
land, and surface water. 

Our estimates of denitrification under forest an,d agricultural land also 
.compare favorably with those reported in a recent review73 where the 
median annual rates of denitrification in forest and agricultural soils were 
0.22 and 1.3 g N m-2, respectively. The highest rates of denitrification 
reported here included agricultural soils characterized by high water and 
soil N content. The median annual rate of denitrification under agricultural 
land, from the literature review, was similar to an estimated maximum’ 
annual denitrification rate for disturbed forest soils in North Carolina.‘” 
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It is well established that flooding leads to anaerobic conditions in soil 
that can facilitate N losses through denitrification.” Despite an 
expectation of elevated denitrification rates, the data from Appendix III 
indicated denitrification rates ranging between 0 to 5 kg N m-2 yr-1 for 
non-wetland hydric soils. Soil drainage undoubtedly affects denitrification 
within the non-wetland land cover categories, however the estimates of 
annual denitrification from non-wetland hydric soils did not approach the 
reported high rates of annual denitrification from wetlands. Land cover 
and soil moisture status are confounded in wetlands which, by definition, 

- occupy hydric soils. Wetlands are a reliable indicator of hydric soils and, 
therefore, elevated annual rates of denitrification. 

Table 7. Summary statistics for estimated annual rates of soil N loss 
through denitrification (g N m-2 yr-1) by land cover category (see ’ 
Appendix III). 
------------------------------------------------------------------------------------ ------- 

Percentile 
------------------------------------------------------ 

LULC category n 10th 25th 50th’ 75th 90th 
------------------------------------------------------------------------------------------- 
Forest 67 0.09 0.24 0.44 1.15 3.09 
Agriculture 0.92, 20 0.60 1.55 13.7 17.8 
Herbaceous 40 0.22 0.55 2.38 5.34 17.0 
Wetlands 7 19.6 22.0 43.0 4.5.3 46.0 

The largest part of the annual denitrificati,on flux was allocated to winter 
(0.35) and spring (0.35) seasons. Reduced evapotranspiration, increased 
soil moisture, and higher levels of inorganic N (in the absence of plant 
uptake) are expected to occur during those times. Less denitrification 
was expected during summer (0.15) and fall (0.15) when soils tend to be 
drier .and inorganic soil N has been reduced by the seasonal demands of 
plant uptake. 

6. GIS DATA PROCESSING 

The model was implemented in a geographic information system 
database consisting of two input layers. The first layer was a high- 
resolution LULC grid provided by the U.S. Environmental Protection. 
Agency’s Landscape Characterization Branch. This layer consisted of 35 
possible LULC categories applied to 15-m pixels across the entire Neuse 
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River watershed. The second layer was a soil N map for North Carolina 
generated from the Natural Resource Conservation Service’s STATSGO 
database.76 The values in this latter grid are total Kjeldahl N for the top 
30 cm of soil. Resolution of this layer was coarse, with l-km pixels. 

The model was implemented in two versions. In the first version (Model 
l), the seasonal excess N values for each LULC category from the 
literature search were applied to each pixel of the LULC grid, by using an 
Arc Macro Language (AML) script (Appendix IV). This approach yields a 
mass-balance model of potential excess fl based simply on land cover for 
each season. In the second version (Model 2), we accounted for the 
effect that total soil N has on mineralization by utilizing a first-order model 
for mineralization and incorporating that value into the mass-balance 
calculations. Model 2 required creation of an individua.1 grid for each N flux 
(I, F, M, U, and D) for each season. The grids were generated by applying 
literature-derived values for each parameter multiplied by seasonal 
factors to each pixel based on LULC category. The mineralization grid (M) 
was derived by multiplying the total soil N inventory from the STATSGO- 
based soil N grid by an annual N mineralization rate and a seasonal 
factor. Once the individual grids were created, an AML script (Appendix V) 
was run to combine the grids into a single grid of potential excess N. All 
GIS processing was accomplished using Arc/Info” Version 7.2.1 on a Sun 
Ultra 5 running SunOS 5.6. 

7. RESULTS 

7.1 LULC Model Matrix 

Parametervalues for the model’, seasonal factors, calculated N fluxesand 
potential excess N (on a seasonal and an annual basis) are summarized 
in 3 tables. Table 8 presents estimated annual N fluxes (g N m-2 yr-1) for 
atmospheric N deposition (I), fertilization (F), net soil N mineralization (M), 
plant uptake (U), and denitrification (D) in different LULC categories 
(based on the literature review). Table 9 presents the seasonal factors 
that were used to apportion the annual N fluxes between spring (spr), 
summer (sum), fall (fll), and winter (win) based ,on the literature review 
and best professional judgment. Table 10 presents calculated N fluxes 
and potential excess N (g N m-2) in (1) spring, (2) summer, (3) fall, and (4) 
win,ter and an annual estimate (Xa) based on calculations using 
information in the previous tables. 
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7.2 Model 1 Predictions 

Several patterns emerged from a visual analysis of the seasonal N maps 
used in Model 1. Fertilizer inputs to potential excess N were highest in 
the spring and summer and were primarily concentrated in the middle 
portion of the Neuse River Basin (Figure 2). The highest rates of soil N 
mineralization occurred during spring and summer and were primarily 
concentrated in pixels bordering streams and tributaries (Figure 3). The 
highest rates of plant N uptake from soil also occurred during spring and 
summer and were primarily concentrated in the middle portion of the 
Neuse River Basin (Figure 4). Finally, the highest rates of denitrification 
occurred during spring and winter and were primarily concentrated in 
pixels bordering streams and tributaries (Figure 5). Predicted potential 
excess N was highest during the spring and summer and was primarily 
concentrated in the middle portion of the Neuse River Basin (Figure 6). 
Large land areas surrounding the lower reach of the Neuse River were 
identified as potential ‘N sinks” in Model 1. 

7.3 Model 2 Predictions ’ 

Seasonal maps for atmospheric deposition (I), fertilization (F), plant 
uptake (U), and denitrification (D) were the same in Models 1 and 2. 
Model 2; unlike Model 1, accounted for spatial patterns in surface soil N 
inventories. The highest soil N inventories were located in the middle and 1 
lower portions of the Neuse River Basin (Figure 7). Patches of elevated 
net’soil N mineralization during spring and summer, in Model 2, were 
associated with areas characterized by high soil N stocks (Figure 8). 
Predicted potential excess N was highest during the summer and was 
primarily, concentrated in the middle portion of the Neuse River Basin 
(Figure 9). 

7.4 Model Comparisons 

Model 1 and 2 were different with respect to predicted potential excess N 
in the Neuse River Basin. Much. of the spatial heterogeneity in predictions 
of potential excess N using Model 1, which accounted only for LULC 
category, was eliminated in predictions of potential excess N using Model 
2, which accounted for both LULC category and soil N inventories. 
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Table 8. Estimated annual N fluxes (g N m-2 yr-1). 

._ 
LULC VALUE LULC- CATEGORY 

I . 
I F’ M U D -.. : 

I 

230 
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‘Agriculture - Fallow 
, 

1.: 0 o.:.o: L.3 O * .O , l ' 5.5 
?.29 ..;Agricu!ture..._ .P??!!!!w!?.Y. ,. ..1!.Q:. !.O.!.K _. ._ .3??. .1.?,.? ._ . ..!.1.55 
2.4? .._. .: Agriculture - Row - Corn .._ . ..A.0 _.... ?4*.1.... .., 5.9, 12.2 J.E;S 
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j.&O Barren - Non-vegetated 1 0 0 0 0 o .._-.. :. : ,... ..:.. :. - 0.0 .(3.00 
7.2 0 Barren - Trans/tion?'. : L e. . ..A.! Q . . ..o * Q 0 0 .O.P.O .! 
420 : Herbaceous - Maintained 1 0' 10.0 ..-. ~. ! _, 3,s.. .1?.2 2.38 I 
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1 lo' ... 
j 
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!.?.6 _. .!rba!..:..‘%-‘i”m - Wet’and : .._ ,. :. 1 0 0.0.. 10,9 : ._,. 12 5 43 00 .!... ,. .._ :.. ,~ 
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!Fy 3.x.. -..--.-.-. .-_ ,_, - Reservoirs 1 0 . .._.. . . . . . . . . . . . . . ..~..... _..._ . . . . . . . . . . . . . . . . ..j 1... 0 0: o.J?i... O~.O.~...!?,Oc! f 
!.1.9... __. ._ water - streams/Rivers i .._.. .._._.____.......,...................... . i_. '1 0 0 0' olg.;.... 0 0; 0 00 I . . . . .__. I ~. . ..! .._ .__. t... 

5 J. 0 i Wet'ands :.:.l-le!baceous .: 1 oi . 0 0' 10 9' 12 5:43 00 . . . .f . . . . . . . . ..I .._... . . . .I _....,.__..____ '. __. 
520 : Wetlands - Woody _- ..,_ J.tg; _, .,.o,g .....,, m.:y, .._ fi,.Q3 .oo 

310 Woody - . .._........__._.......__._.......~. . . ..~ec.lduou.s....................... . . . . . . . ..i..........~.~.~~..........o.l Q.;..... 5 - 1 : 62 044 -.. ..: 1.. ../ ,........: __.._..__ 
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, 
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Table 9. Seasonal factors for N fluxes in different LULC categories. 
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.-!JLC:. 
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Table 10. Calculated seasonal fluxes and potential excess N (X). 
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Figure 2. Estimated N fertilization (F, g N pixel-l) in the Neuse River 
Basin. u 

Figure 3. Estimated net soil N mineralization (M, g N pixel-l) in the Neuse 
River Basin (Model 1). 

Figure 4. Estimated plant N uptake (U, g N pixel-l) in the Neuse River 
Basin. 

Figure 5. Estimated denitrification (D, g N pixel-l) in the Neuse River 
Basin. 

Figure 6. Qualitative assessment of potential excess N (X) in the Neuse 
River Basin (Model 1). 

Figure 7. Estimated soil N inventories (30 cm soil depth) in the Neuse 
River Basin (Model 2). 

Figure 8. Soil based rates of net N mineralization (M, g N pixel-l) in the 
Neuse River Basin (Model 2). * 

Figure 9. Qualitative assessment’ of potential excess N (X) in the Neuse 
River Basin (Model 2). 
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Figure 6. Qualitative assessment of potential excess N (X) in the Neuse River Basin (Model 1). 
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ResuIts.from both models indicate large areas of land surrounding the 
lower reach of the Neuse River as well as pixels bordering streams and 
tributaries may act as potential ‘N sinks”. Landscape patches that 
corresponded to potential ‘N sources” appeared to be influenced by soil 
N inventories and rates of net soil N mineralization (which is a natural 
process). The overall flux of N in net soil N mineralization was generally 
lower in Model 2 than in Model I. 

Both models indicated large areas of the landscape were approximately in 
balance (-1 g N m -2 5 X I 1 g N m-2) with respect to excess N. In these 
areas, future changes in land use could be a critical determinant of N - 
retention or N export. Finally, there are no field data to validate 
predictions of potential excess N from Model 1 or 2, but we believe 
predictions from Model 2 provide additional information supplied by 
estimated stocks of surface soil N across the Neuse River Basin. 

8. DISCUSSION 

Outbreaks of Pfiesteria and other harmful algal blooms in coastal waters 
of the United States, including th.e Neuse River estuary, may be indicative 
of a national problem of too much N (and P) in runoff from terrestrial 

‘ec~systerns.~~ Large scale animal operations have definitely resulted in 
the import of significant amounts of N into the Neuse River Basin, as well 
as other parts of east-central North Carolina, in the form of animal feeds, 
but only a small fraction of these nutrient imports have apparently 
entered the Neuse River.7g This indicates the overall importance of a more 
complete assessment of nonpoint sources of N loading to the Neuse River 
and its tributaries. 

Mass balance methods for estimating N runoff from terrestrial to aquatic 
ecosystems are more comprehensive than empirically derived export 
coefficients because mass balance methods include process level 
information that can be used to identify possible controls on N exports. 
Despite this additional information, there are numerous shortcomings to 
the current analysis which must be recognized and appreciated from the 
standpoint of how they limit application of the results and how they 
present opportunities for future improvements in landscape based models 
of excess nutrients. 

One of the primary limiting assumptions to the mass balance approach is 
that terrestrial ecosystems are in steady state. This means that the 
stocks of plant N and organic soil N are not changing with respect to time. 
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Other assessments’have included processes like Nz-fixation as a ‘means 
of increasing soil N stocksso The current model treats Nz-fixation as an 
input to organic soil N which must be mineralized in order to contribute to 
potential excess N. It was assumed in the current assessment that 
amounts of organic soil N do not change because N inputs to organic soil 
N (through plant mortality) balance the decomposition process which 
drives net soil N mineralization. 

In reality, there can be significant inter-annual variations in N inputs to 
soil, soil N transformation rates, and plant uptake, thus a true steady 
state does not exist in terrestrial ecosystems. Steady state in the 
context of this model means that although there may be significa.nt year 
to year fluctuations in N fluxes for a particular LULC category, there is no 
systematic long-term trend. We do not know to what extent this .n,. l,‘,+. 
assumption is valid because there are no long-term studies of changing 
soil N stocks within the Neuse River Basin, 

Two other major limitations of mass balance models for estimating critical 
N loads to forest ecosystemssl also apply to the current landscape-based 
model of potential excess N. The first is failure to consider episodic 
events which can be extremely important in controlling the flux of N from 
the landscape.82 The current model operates on a seasonal time-step 
because there are simply not enough studies of at a fine enough 
temporal’ resolution to elucidate the detailed, time dependent behavior of 
N biogeochemistry in terrestrial ecosystems. The second limitation is a 
scarcity of information on N transfers in different terrestrial ecosystems in 
the,southeastern United States. This latter limitation made it impossible 
for us to parametrize the mass balance model at the same level of detail 
as was represented in the final LULC map. Nitrogen fluxes were 
estimated for many LULC categories because of missing critical data for 
different types of terrestrial ecosystems. The inability of the model to 
deal with episodic events (e.g., precipitation events) and the lack of field 
measurements for N fluxes in different ecosystems representative of 
those in the Neuse River Basin makes the current model unsuitable for 
predictions of total maximum daily loads. 

More than a decade ago, Kesner and Meentemeyer published a 
landscape based approach to the regional analysis of potential N sources 
and sinks in an agricultural watershed in southern Georgia.*3 In many 
respects, their GIS approach to the problem of predicting spatial patterns 
in excess N is similar to the one used here for the Neuse River Basin. 
However, there are important differences in the conceptual mass balance- 
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models that are the foundation of these separate analyses. The main 
difference is that Kesner ahd Meentemeyer used mass balance to 
calculate N sinks and sources on the bas,is of total soi! N. Most of total -A “. ..L _ . . ,,,/ ..^ ,* , “. \ ..X_,. .i_j ,a ,_ i /‘ ., ,. 
soil N is organically bound and is available for uptake by plant roots or 
denitrification by soil microorganisms only as a result of N min.eralization.- 
The models used in this report on the Neuse River Basin treat potential 
excess N as an inorganic N pool rather than a total soil N pool. This 
difference may lead to substantially different estimates of potential 
excess N, than those based on total soil N, because net N mineralization 
is such an important process for producing potential excess N. 

Poiani et al. also previously used a landscape based model of N leaching 
to evaluate non-point source N loading in nine watersheds in central New 
York state.84 They calculated potential excess N (i.e., ‘!N available for 
leaching”) by considering a balance between N inputs (atmospheric 
deposition and fertilization) and outputs (plant uptake and 
denitrification). Several important sources of uncertainty in their analysis 
also apply to the current model: (1) the approximate nature of estimates. 
for N inputs, (2) uncertainties in GIS data (i.e., accuracy of LULC’maps), 
and (3) high spatial and temporal variation in N fluxes (like soil N 
mineralization and denitrification)‘. These limitations indicate the need for 
site specific studies of N cycling in the Neuse River Basin under different 
LULC categories to improve assessments of potential excess N on a 
regional scale. Nitrogen inputs, in particular, could be refined through 
monitoring atmospheric N deposition at a finer spatial scale than the 
NADP/NTN monitoring network and obtaining data on actual crop 
fertilization rates through the use of farm surveys. 

Burkart and James also recently published an assessment of N loading to 
the Gulf of Mexico from agricultural nonpoint sources in the Mississippi 
River Basin and concluded that the largest potential excess N (i.e., 
“residual N”) was located in the Upper Mississippi River and Ohio River 
Basins.85 Their assessment treated some processes, in particular 
volatilization and redeposition of ammonia, differently than the manner in 
which they are treated in the current model. 

Ammonia (NH3) volatilization is a widely reported occurrence following the 
surface application. of manure and N fertilizersE6. A weighted average 
emission factor, derived from data on fertilizer shipments to North. 
Carolina in 1997, indicated that only about 4% of fertilizer N is lost 
through volatilization.87, Although considerable research is be,ing done on 
the transport and fate of NH3 from agricultural operations,88 there is still a 
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-lack of consensus on the range over which redeposition occurs. The 
present model incorporates the following two assumptions: (1) most of 
the NH3 is redeposited on the same pixel (so no volatilization parameter 
is included), and (2) the regionally dispersed fraction of volatilized NHs is 
captured as part of the NADP/NTN data used to estimate atmospheric N 
deposition. Clearly, both of these assumptions are suspect, but they are 
logically consistent from a mass-balance standpoint. 

Manure application is, perhaps, more like a point source than a nonpoint 
source of N loading on the landscape because it is most commonly 
associated with large scale animal operations. Based on estimates from 
Burkart and James, applications of N in manure can approximately balance 
manure N losses through volatilization. Because animal operations 
represent point sources, they are not included in this version of the 
model. Future versions of the model may address the location of large 
scale animal operations and the N loading associated with land disposal 
of animal wastes but more data will be required on the frequency and 
amount of spray field operations in the Neuse River Basin. 

Like the current model, other mass balance models for N frequently make 
no distinction between soil NH+N and NOs-N and they generally assume 
that all excess N is at risk of export from the landscape. This is a fairly 
conservative assumption that many tend to overestimate potential 
excess N on the landscape. Nitrate, and not NH+N, is the chemical form 
that is more readily leached from soil. Future versions of the model could 
be improved by additional data on the contribution of ammonification and 
nitrification to the process of net soil N mineralization under different 
LULC categories in the Neuse River Basin. This is especially important 
given the fact that net N minera’lization is the process that apparently 
contributes most to potential excess N on nonagricultural lands. 

Few of the terms in the current mass balance model for potential excess 
N in the Neuse River Basin were actually derived from studies in North 
Carolina. We consider the highest uncertainties in the model to be 
associated with estimates of N inputs through fertilization and net soil N 
mineralization (two large N fluxes). The uncertainty associated with 
atmospheric N deposition is somewhat less simply because the size of the 
flux is small relative to the two former inputs. Uncertainties associated 
with plant uptake of soil N and denitrification are also high due to a wide 
range of possible values depending upon the nutrient demands of the 
vegetation, land management practice, and soil properties. Although 
median values were used in the current model to approximate the inputs 
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to and outputs from a pool of potential excess N, there is the opportunity 
and the need to reduce uncertainties in landscape based models through 
site specific studies under different LULC categories, 

A final important limitation associatedwith the current model is lack of .” ,_ ,.-_. . . I_ .~_., _. ._._, .: -2” __ .;.“‘.‘:, .~ -:- ‘:‘. 
validation. We view the “validation” process as an integral and important 
step in model development, but one that is beyond the scope of the 
current research. It has be,en suggested that the model could be tested 
against measurements of stream N. There are basicaliy three problems 
associated with “validation” of the landscape model using stream data: 
(1) potential excess N exists only as a theoretical concept and not as a 
truly measurable entity, (2) the uncertainty bands are-so wide that .” -I A,.,“‘_ . *_ _ _ 
testing for a specific predicted value becomes tr,ivial, and (3) attempts to 
validate the terrestrial model by looking at N values in the stream are 
confounded because they also require validating the model used to 
transport N to the stream and they require some understanding of in- 

* stream N processing. What is ultimately important from the perspective 
of best management practices is whether the pixel in the LULC map is a N 
source or a N sink. Qualitative assessments of potential excess N may be 
sufficient to accomplish the original stated goal of best management 
practices, but are not sufficient for the purpose of establishing total 
maximum daily loads to surface receiving waters. 

Despite many shortcomings, predictions from the model are useful for the 
original objective of this research: helping to develop a landscape based 
tool for implementing best management practices to abate N loading to 
surface receiving waters in the Neuse River Basin through the 
identification of potential N sources and sinks by LULC category. With this 
model landscape patterns of potential excess N in the Neuse River Basin 
can be evaluated in the context of the nutrient storage capabilities of 
different terrestrial ecosystems, the proximity of terrestrial N sources to 
streams and rivers, and the likelihood of intercepting N runoff from the 
landscape as it moves through vegetated riparian buffer zones, wetlands, 
or soils, where removal processes (like denitrification) might help to 
reduce N loading to aquatic systems. Both Model 1 and Model 2 predicted 
that there are large land areas in the Neuse River Basin that cannot be 
classified as either a N source or a N sink. Such areas are potentially 
sensitive because future changes in land use, or small alterations in N 
fluxes, could convert areas that are essentially in balance with respect to 
N biogeochemistry ‘into the N source or N sink category. In this respect, 
model predictions indicate that the timing of N inputs and outputs on the 
landscape can be a criti-cal determinant of potential excess N and the 



II 

30 

possible export of N from terrestrial to aquatic ecosystems. 
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APPENDIX I. Literature review of annual net soil N mineralization. RN = record 
number; SITE = state abbreviation or other geographic location; BRIEF 
DESCRIPTION = vegetation cover; LULC = forest (F), agriculture (A), herbaceous 
(G), emergent wetland (EW), woody wetland (WW); L/F = laboratory (L) or field (F) 
study; M = potential net soil N mineralization; Mr = annual rate of net soil N 
mineralization; SOIL = soil depth (cm); SOIL N = soil N inventory; REF = reference 
source. 
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102 !WI ;Birch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -- F ‘F . . . . . . . . . . .._. 8.4.0.9..N.m-?. 0420, 2.0 : 428; NA.8; 

! 03.1 WI .1 MarHe IF.. 

; 
F : ?:4(3,g N-n:.?, o.g25. .2.0.;.. ..,.3? $:.yM! 

JO4 WI ‘White Oak _. F F.. %?O’s !! m-? d.!.!!?i ?9. 1 4.K’. !‘.A8 I 

10.5 j w I ...-..-. jl?ete... qalc -.- ..F .. ...... F _, _, G12.0:g Ii. m-2 : 0.034 2 0 ..3.7! ..N A.8 1 

.! 06#.W! k!!ack.. C?ak ii= . . . . . . ..F _ .l.?,SO.g. N m:2:..0.043 ?..O., 315.N.p18! 
i. Q;Ii !.I,. :.FC~.HJ Pine... ‘F ‘F; ...... ?,60 g N rn~2.i.t . 4.. .: ..I: PML 

$.O.Jj j..WJ. I white .FJine ... F .I F .:.. 2!.6O..g N m.-2...: : 4 ; .._,. _.. ..: ‘PA84 

109,WI .._ ‘. ._ Hemlock ‘F ... F ?.qg,g..N lyn;2 I 4 j ‘PA84 .! ,. . - 

J.J.0 !.wj ...... Red Oak !F . ..F _.... .3.!90,9 N m-2: ..: 4. .: ........ . . . . . PA.84 

$1 !.i.W! bNh.!tc Pine ‘.F .:... F 4 : :.-PA.?4 

JJ?.[JJ’T _ !l?e?..Oak. 
.. : ~.!.Be:.g..N..m-2.:.~. . . . . . . . . .._. 

. F IF 5.30 .g N. m-? !.. . 3 ..; . . ; p A 8.4 

11.3.; WI.. .: i.Whjte Oak.. F :F: 5.30 9 N m-2.! a.. 

114’WI F ‘F’ 

;.. 4 ..; .!; PA84 

‘F+l Oak ...... 6:OOs I’! m-2 . : 4. ._. .:.?A84 

115 WI. .5usaCW!e F. ..I .F 6.00 g N.m-2 , ,I 4 :.. .,Pfi84 

1 g..g ;.!I I M!h.!t.e Oak... ;.F.. .F 600; g U-v? ; - .4 : : : ‘if A 8 4 

i : TVE ...... .‘&d .Oak.. ._ .: F ... F 

1.1$WI 
..6:.?.O,g N.. m:? :. t _. 3 ;. ..I PA.84 : 

White ..@l< if= ,F f3.7,ilIg.N m-2 : ..‘.. ._ 4 .; mCPA8.4 

1.1.9. W! .._. iwhite Pine -F IF : . . .._.......... __ . ..6AQOJ m:?.. . . 4. ’ ..: .! ‘PA84 

1.2 0 W,? I .Ewswov... . . . . .F.. . . . . . . ;F I 7,.8!? g .N. .!‘?;! . . . . . . ;.. .+... ,. :,!‘484 

121’WI !.R+tJ .Oak i.F ..F 7:80. 9 N .m.-.2.. : ._..........._ 4 .!.. PA+? 

-. ‘... 4 ,. . Fe84 

1 ix..; y/J _... ,. ..Mh,ite Oak ,..,._. ,f ...... ‘F 1 7.8Oig N m-2 ., 
i24!WI .i .. .I pax$.wmq -- j .F F . . . 8.4O:g...N..m:2 .1 ,. 

125iWI :F’ : 
,. $ed Oak’ j F. .._. _... __....... ,.. __ 8:.hl 1. m-2 

!..?.!%i..wr _..... &wA!!?Pk ;F . . . . . . . . ..____ ., i..F ..: f3!.4O.g N m-2 1. ._............... 
C..?. 7..:.wr ‘White Ash . . . . . . . 

iF / 
i.F j 8.40’9 N m-2 . . . . . . . . . . . . . . . . . ._ : 

Q e..:M.y ........ i.Oldfield (fert.) iG !F i -- ._.._ 7.5q.~ .g...rj .... tll;2 .I 

Q~9.~..l.f ....... /O!Ofie!d (fert.) .,.__.... ;.G; ._,..._,._...._....... ...,.-.-._ _-,_ ;F 3.OOig N m-2 

.._,_,.,.. Wdg .Pj m-2 
i-. 

EiOj.h.l._..... j..~lclPi.e!cl...~~ert.) ......... j$j . ..__._..:,_ ____ ;F ’ 

L-331 i V-N _,_____ i$j.dfje!d .... (<owtrql) 

.;. 

; G j.F .._._......____.. 4,!&N .__ !??:2. 

&MN 
--- 

_..._... i.o!dfie!d..~Co.CltroI) :‘G iF j 
. . . . . . . . . . . . . . . . . . . i 4 50 g N m-2 . . . . . . . . . . . .._. r . . . . . . . . _._..._._........ 

. . j PA.84 

‘. ........ .;. ... -4 .. i .............. .!.:.w?? 

1.. ........... .i.. ... e ... .; ................. _.I P4.84 

: ~ 4 ..... ..... .: .. ........ ..... ................. .!. PA84 ... ...... 



$33 MN ., ., O&.lfie,id (control) G F ,5.OO,g N m-2 ,01045, 10. 309 PA.87 

134 M..N.. .: Gldfio!d (fq-t.) . . ..G . ..F 6..OP g .N .m-? ..O:WT.:..!.P _.. 104.PA.87 

,.I35 MN O!dfie!d (fert.) G F .: _ 6,00.g N m-2 0.060 1.0 ,. .104:PA97 

136’MN P!dfi.ck! WW?U ._ G ..F .._ 6.. 5p:.g N m-2.. 0,.,~45:. .A0 i_ ._ : 13 ?,.? 4 8! 

i137 i”lN ’ Oldfield VeW ., ,..G .; F.. :. RO.9 g ?.m-2.:. O..O%? I.9 ...i.i7:.PA*7 

i138 MN ioldfield (fert) ,.._._.._.._..._._._...~ ..___.........__,.... . ..__...! G .._.......... F.. ?& .N..m:? ~.?:.~00....c~...l............. Z.0..pA87 I 
!!39’MN j Oldfield !... . . . . . . . .;... @!!I. ..;.. ..:. G. . . . ..F Ai?. 00: 9. N m-.?.:. O.W!.:. .t 0.i.. .1.X !VW 

! 14.0.: FL .._.___ ..LoW?!!.U?ne. (RI l..F F 94 !: .g N m?? .! . .,. 5 ._ .!. PO.92 

jJ41FL Loblolly .Pi.ne. @I!~ 

I.._. 4 &i _...._... 

$7 ,..F _ : .._. ..O I ?.rS. g N ..m2 . . . .._.. __ .S ..-I PC).9 2 
I1 Slash Pine (W) jF .F :’ _. : 0.28: 9 .N. .I??:?: .!! .$ .: .,.R? 2 

j 1.4.3.XC ._..... ]..Lob!o!l~ Pine Fl .., F ;..F ._.. :. .0.42,g !Y m-? i.!.. :. S .I ._._. .!j PO?2 

!144 FL .._ .,. . ..__._.... i Lob!o!!.~. We. P!F) ..F: .‘.F. . ..i ..0..4.5: 9 .?! .m:?.! T i. . ..S .: .___ . ..‘. .?09? 

J45FL ’ ;! ;.Cu!rivated....soi.!.. .:.A. . . ..I.1 . . . . . . . ...53.2.80. g ..N m:?. j .O 42.7~. -3 0 .._....... 3ll?.RE?.?. 

1!46:FL ,.......,......_.....__._..__.____......._._. ..A ._..... X. ._.I 7.?~!M..g..?J .m.-2, 0.021: Cultivated Soil ., . . :. 30 35,33:.!W? 

$47 FL ,.Cu!ti\lated...Soi! .___..._; __......._.._.. ;.L. .._ i .._ ?.?.r*.!?,g .ki??..:.~4!?9.. 
iA 

30 

!.I 4 8 . ..F L 

?!?%;.RE82 

Virgin Soil . . . . . EW : L. .; 8L4O.g. M m:?.~.O:O87> ,,3 0 ; .l!W!?W? I 
/ J 4 9 : E,k.. .,i ~ldk~,V~zl.d. !sg ._ .._: ..,,,, ... ... iA !..&..L.j... 4L$., .. . . . . . . (L.0 2 1 3 0 j : 1962iRES2. _ ..: 

1 A.5 0 ., F.L.. .. ; Cultivated Soil IA :L. ; :. 9 3 . 8.0 I.. ... ,.. ,:j ,O..,:.,? 3.:. .JO,,; _ __ 41.3..5:RF,82 

ilS1 .FL ‘Virgin Sojl. ., : ,EW _...... L ,. .:...125.00:: ., .; &034_ .3 0 ; : .: ._.: 3662.JE82 

I 
I 

? 1.4 N. C ..( Hardwoocls F... . ..! _1 !. . ._, o.ov/ .l.o : v A? ? 
215 rur: i.White Pine ._ .;.F ._. j 1 ._. ._ _. I. .1. _ . 0 07q:. .g 0 ....- ..: .._ _.,. *..VP,!!? 

2 16. NC LobWb Pine .j F _ . . . . .I .’ . 0 045...1 8. ,. ? .: _ .;!A.??. 
217,VV/I\ Hemlock ..;.F... .-.: .._._ _, ..:.i: :.O:.OE. 10 ;. 

GiT!o 

..~. .+‘A92 

2 T.? ,.N V Hardwoods IF . . . . * F :. 10 :- .‘- ‘.- .:: VA.9.2 

?.!?.;TN LoW!y Pine F .._ :. Ij :.. ._. .._ .1...%O?S. .._. u,..:.. .._. .:j \I!!9 T. 
2 2 0 : WA i Douglas Fir ‘F ;. : .:. _ . . . . . . . . . . . . __. 1 - VA92 .._ q,o15i 10 ..>. ,... I . . .._... 

2 2 1 .‘.CJnt.... j..Hird.woo,ds ....... F :.. ..___.........,.. ,.. ..I o.g,+.~.j, 1 0 ..“’ :“.... . . . . VA9.2 

.?.3? lk. _..,.. ,.. ’ Loblolly Pine IF / 
.,.._._ _. :... ,... i F. ._ (.. .._ ;_. ?!.60..9 N m.2; O!.Q 15.. ..!: 5 . . . . . . . . ..1.7.P~.V.I85 

? 40 ; NC Loblolly Pine jF _ :.k. 5,.6.0~ 9 c! ..??-2;. .0:.03.3.. . ..15.... .._. __,. J7..QiVI85 ._.._ 

24l;~c ' : Clear-Cut Pine F _ ,.,F., : 7*.6519 Nm.-2 ;..E?j 1s .; 19 5; V.J.I.5 .._.............. ,~. 

2 4 2 ; N C : Clear-Cut Pine ;F ,F .._ ..:. :._ . . .._...... :.. . . . . . . . . . . . . . . . . r S! !.Olzr ..N .!??2..~..0.04~.~ l..S .; .!.&vrss. 

24.3 

244 

245 

2.4.5. 

247 

/_ 

KC .i..C!ear:C.u.t ..Pin.e. .F... .._.___ i..F . ..___.. _____.... 8,.?.5k .rU .m-?..i.!?&!Z~ _.... LE...!... .._.... 16.5X8.X 
N C iClear-Cut Pine + iF i 

. !?1.9.5:.9 .N.. m.2.:.o:05!!; .l.s.j 1 

N C /Clear-Cut Pine 
iF jF j 

!M.%E 

10 * 5 0 i _____......._ :' __.._....______._.._.......................... j ..___.__.... j . ..__..... i .....______............i 9 .N..m-z.i..o.Qs.71.....1.5..~... . . . . ..!.83j.!K5.. 

fl..c i Clear-Cut Pine. j F... '. --. jL’ i 10.75:g N m-2: 0.065: 15 i __- N5;.vJ.I.5 

N C ;Clear-Cut Pine, ;F iL : 10.95ig N m-210m056i 15 1 ___- l95:..y! 8.5. 



II 

248 NC .Cleay-Cut Pine ..F L 11.10.9 Nm-2..0.062, 15 ;8O’VI85 

.2 J 9 . ..N C .Clear-Cut .?in.e.. :F .L 11...20 .!! m-2 O.CW 1.5 .165,VI85 

25c) ?lC _, ._ Clear-Cut, .Pj.ne. :F....F ll.sOg g m-2 O.OEjO’ !5.,. 144.V.185 

12 S 1 B C... . ..C!ear..Cuf.. .!?.ne. F. !.. lL3.S. 9. !! m-.? : .0...0*6. 1 5.,, 144 VI85 

j?52 .m C C!earW !We. ..F ._ L . ..1.4.80 g N m-?...0..0*1 35 183:VI85 

/3 Q.L. !!? . . . ..!?a&.. ‘F _, __ ._ .._ .._.. :&, .,, ,, ,.;LZt.27 g. .N.r?v-.:. &L3.9, 2.5 ? l?.ZA86 

I? O? .-MI Maple-Oak F .;.L. : _. ..??!64g..N.m-?:.q.0?1. ?..5. ??O,..ZA86 

3.0?..! !... . Map!e-*aw!!o.v. ..F ..L 30.00 g N m-2 .!kO56 .2.5 .,. 53!..?A86 

; 3 1.3 ..M I Map!e:Basswoqd.. i F . F. S.Og,.g .N m.2 0..013 _ 3.8 .6.35;,.ZA.?.c) 

3.1.4 !I! oak.. F F . ..3.3$,;g N ,rn,-2...O..J)J.i. 3,# 497,ZAsjO 

3.15 MI .Wk. 1 ._.. .F F ?‘,Ol’g N m-2 KOl7:. ?.S... . ..403.?AgO 

316 MI iOak F F %1.81.9 ?! m-2 ~.010!6:. 3m.8.:. ‘. ss?.jz!90 

3.1.7 M 1 ‘Maple-.Oak :. . . . . F. ._.. F 3.6?~ RI .m-2. .!?~0~.3..? : 43&A90 ._ 

31% MI :F ‘Maple-Oak . F .1 T!.! 1 g N. m-2 1 0..02?; 3.8. ..455;.ZA90 

3 1 ?. 3 1 ?WplWak. IF’ 1.F. .: JO-X2,.9 N m-2 :9-9!9. 3.8 _ .5%;ZAgO 
3?0:MI Ifulaple:eassvyqqd. .I?.. . . . . F .-, 12.74 g N m-2 .0.0&4 3.8. 930:‘ZA9cj 

321:MI ‘. .-. : Mapl+Bass.wqqc] . ..F ;.F / 11.78 g N m-z..: O.Ql6. 3.8 7.55’ZA90 

322:~~ ‘Swamp Fore% ..ww ..:F .L?o 9 fi m-2,.0.003 w.,. 344:ZA91 

323 :MN Swamp Forest. ?W :F ‘_ ,1,80 g N.m-2. 0.005. !O I ,344,zA91 

324:~~ Old FM! G. 1-F. 2.30’9 N m-2 O.g.22. 10 ., lOciZfi91 

325. ..M.N . Wane .._ G ..F 3,40:9 .N m:?...UW 10 125,ZA9J 

326 IylN Old Field, G F 4!8o:g N m-.2: 0!045 1.0 ..196 zagl. 

3 ? 7. M N ._ Wanna ..G F _ 5HlQg N nyt-?.,O.(I4f3 .ltl 125 .?A91 

32%. IylN Upland Oak F .F . ..7.2Q.3 Nm-2 ,. 0.049:. $0 1 ._ J46JA.91 

3.29 ,MN IUpland. Oak F F .l.WO:.s F3 .m.:.? O:q6*:. l.Q ; !P6;.?.A9! 
.:.WYY spruce j.f. F . ..?.-.?.Q.h N f-k.O.023 . . . . . . ., . . ..4WW?l 

.I i.NorwaY... sK!.ce 1 iF .F j 
,.... ?.,$Qig N m-2’ 0.008 . : .,. .: 33o.;c.u91. 

.C.an! ;.Mw!.e.. .._....._. . . . . . . . . . . . . . F .;.F .: .LG...g. .P! ~2.: 0..049. 8.. _. 1.86 H!89 

.Ca n : Maple Y. 

Can. :Pine 

.:. 

.:.. 

Aust. Pinus radiata 

Aust, ,pihyS _,__ radiata 

Aust. Y’Pinus radiafa. 

F ;F j . ..JL.35.g. N m:? 

.F 

.r ........... ..,..- ... ;F j. ..- -.. z88..g. N. Jllll~~ 

..F: .............. j .........._; -...-._,_-..-,--____-.. ._ ___ --_ iF i 0.12’9 N. m-2 

F iF ! 0.55’g...N.m.;.2 _______. _. __ _. _. ..;. ._ ..:. 

F iF i. 
.__..________. j 2 60 g...lj .... q-v-2. . . . . . _.............T 

F ;F / 4.70 .._._.______._. .: I I g...rj ._.. rn?l~~ 

F, iF ;a 4. Il0j.g.. F...qly2 



3 57 &et. Pinus raWa .:.F .._.. . . . . . . . . :F ZJ.1O.g N m-2: 0.018,. ,20 1.73 CA98 

;3 5?:.Aust, :.P~i.nus radiata __... :..~ :.. _i ‘F !F ..2,70 9 !! m-?.:!?.013’. 2..0 ‘. 206:Cq98 

‘3 5 9 Aust. Pinus radish F , F, 2:,.70:9 N .m-2 01049 . . ?O :.. 5.6. C49* 
I .:_ ” .: 
/360..Au~t. ?inus hata ‘F .._.__._ !Y __.... .?2?0:g.N m-2 OK?3,...?0 . . ..I G??:.C.A98 

1.3.5 1 .:.A,II~.. j Pin!? radiata F F 265:CA98 9.40’9 N...?-e?. ..W36 20 :. 
j : 
i3.62.~.Austa ’ Pinus radiata ,_.......... .: ..__.._....... F F . .._.......... 8. 50 g...N !-n-2. O&.15 .._. 2.0 ._.... _................. : . ..?.S?9!9.8 

1~.63,Aust!..iPjnus. rad/ata ..__.._ 3. ___._.._..._,.....___ ._........ L50.g.N :F m-.2~.W??.?I _. ?c! . ,..W?...CAF! 

I3 64 j Au:& Pinus radiata 2 0 232 CA98 F. IE . . . . . . ..?..s9.9 NC???..,.Q.OlO 

Agr.?l?Y!on .rel?ens. 

Poa.pratensis 

PO? _. eraten:s.is __......___ 

Poa pratensis 

Poa pratensis _,__ 

‘pqq pyatensjs ,_,.___ 

3$5)vJ .-Spruce... 20 : F. ;..r i. 4.60.9 .J’J ry.2 : . . . . . . . . . :. G092 

3 6 7 I WI .. .. ‘Red pine ; F .. .... IF j ._ s - 10 ~ 9 N. m-2 ..! .?.O ,.._ *.. GO? 2 

? 5 8 .: W! , .Red ..oa.r< _ : F :F I 20 ..; _........... : ,. ..S,SP 19. N. m:? i.!.. : _ :.: G-9 9 2 

3 fS.Vj ,___ .lWtdte pine ‘F _; :F _( .._.... 83.~g:.g.N.Tl-~.:... ..-.-,. : :._ 2 0 ..:. ._. .:G092 :... 

370 WI: i..La.rch .._. 3 .._ F . . . . . . . ..t.L7.0g !! m:?.,!. :..?O .... .:. ‘_’ +W2 

371 MN iAgrostis. scab+. G... .._. ;.F _.. 2.50 g..N.m-2. 0..9.37: .23.; 6.9_WE?O 

372 ‘M N iAgrostj$., sca.Qbr$ ‘G F : : 2.5019.! .m-2.: 0.!0.~.?.~..2.3... . .._. .-.62,WE.?.O : 

??.?.‘M.N. i~grost!s scabra. . . . ..G _._...... F ... .:.. 9.5% Km:? .9&W ? 3 6 9:,WiZ’sIO 

3,74:MN 168:WE90 :_. ‘.. ‘-Agrostis scabra ._.,. G .._ ._. ..:.F.. i 4,OO.g .I m-2 .9,024. ? 3 . 

??.5.X! . ..%-osti? scabra ;.G .___._...... 3 ..W3??!E80 

376.MN ‘G 

.; _... 6.W g .N .m-2 .O..OX 2X..: 

:. ., AgrW.5 . ..cbra ~ . . . ..F.. ..i 74x9 N .m-2 : 0.042 ,.. .2 3 .,I w..ww 

377’MN Agr?Ns .scaWa. I G. :.F. .j ..6,5.Q. 9 N m-? i 0.020. ? 3. ‘. .32.3‘ .WEgO 

3 ? 8 .M M. ..: .:. Agrostis .%CG . ..+G. F ._. ..,._ !.I.,0 g.Nm-? 1 Q.O34 2 3 X?.?...W.K?.C 

X7 ? . ..M N ,.AgCgst.is sca,bra ‘G F 12.0o:g.N nK0.0~7. ~3. 323..W.~9.0 

3-M .!I ?! ,Awwvo.n. wens . ..G .._.. .F ._.._...... ?...t3Jl.a !Y .m? $037.. 23 . ..6.? WE90 

381 MN %v?w-v %?ens G .,. A.. ?AC!~.s !Y ~2.b-?44~ 23... 6UG.?.O 

3 8 2 M N (Agrqpyron G F : re.pens ., 3.GO.j.g .N.m.-? I. 0,~441 23. j . %j.WE.?C! 

383 :MN ;. ?Wo~~r~n W?ens .G .._... :.F .__.. 350~..g M m-2, WW:. 23:. ~.16?.$?&?0 

384’MN ‘W-o~~ror! !?%??!s.j..G .._...._... ;.F .._.... i 3.AO.g ; . .N...!!?? .%O?!.j 2.3 i 16*~WEgO : 

SS5.I WY. . . . . . Wow!?n .rewns$ .._.___.. -jF.. .!. ?.!.Oq. g N ..m:.?.~..W.!8. 2 3 .I .M.!.WE9? 

3.86.~..MN ..__ Agrwyron refxn.5.i.G ..__ __.... i.F... ..j. .8,00 g...N.. m?. ..9.J?S:. .? 3. .j. 323:WE90 : 

..” ..:...... 32 ?(..Y.E.N 0.017’ 23 ~ .G .............. ;F .... __ ......... 5. SO,.g..b..m- 2 ... -,, 

G F ................................. 4.OO;g N..m- 2 ............... .:. ... ...... 

G.. ........ ..;.F’...... : 3.5Oig N m-2 .................... :. .... .. ........ 

G F : ................. ., ..................... 3.00:g..b..rn: .z .............. :. 

5.. ............. !Y ....... ::. ..... ..l:OOl.~ LN.. m:? .. 

.G.. ‘F ........... I. ........... ~ . 6 00:s N m-2 .......... . .... ....... I ........... . . .... 

G, 
;F iI 

.................. i.. .......... .......... 4.00,g N m-2 ............ .................. 

..o.:.o 1.2. . ..2.3. ..I ..___ .3.2.3...!!!!599 

..0.&?5.! ..,__.. L? ..__ _.__.. ..69.:WE90 . 

0.044: 23 69 WE90 : 

0 044; 23 _. .? ..__ ._. 69iWE90 :‘. ,. .___._. .._....... 
0 036: 23 ~ 1.... 168’WE90 i i . . . . . . . . . . . . . . . . . . . . . . ..~ .._......_.. 
0.024! 23 j 168:WE90 . . . . . . . . . . . . .._...___....__..._.... .._...... 



:394..M N .Poa pratensis ..G F 3.00.9 N m-2. 0.018, 23 168 WE90 

3?.5..:..M !‘J Poa.platensis. .G ..F. U?..OO g .! m-2 0.831 23.. .323 .W.E90 

396’MN :. Pea PWensis G F . 7.00 g N m-2 0.022 .23 ,.. 323..WE90 

1.39 7.; rJ! .!A Pea vatens!s _ :.G.. .F. .__._ 3.OO.g N m-2..0.009, .23.. .323.W.E90 

1.398: MN 
! 
;399:MN / . 

‘400;MN 

4gl’MN 

402.MN 

4 0 3 j. pl F ...... 

+MN 

486; M N 

407iMN ,..... _: 

408i.M.N 

409:M N.., 

4,lO:MN 

4.2 1 : F. pl 

e 12 $N .... 

41.3 h!!Y.. 

+, 1 5. j .M N 

416’MN 

4 17,: M N 

I.: 428iMA : Hardwood ;F ; 7. ..___ f . . . . . . . . . . . ..___.___................ cdg...ryl.._ nlll~. .--.-.----...-.- F. .- . . . . . . . . . . . . .--.---.--.- . . . . --.--.--~.-- , 

429 i PA./ ..______.............. j Hardwood. _,_,__ \ .._...........,..,. _,.._____._....................................... iF ;F ; 7.OOig N m-2 -. 

SchizacW!.um. .G 0.029 2.3 6?.WE90 ..F... 2.OO’.g !! m-2 .___ 
Schizachyrium : G .. ...F. .. ,. l.s;Q s..N..m-.? O-02? 2.3 6.?..WE?q 

Schizachyrium 6 9 -WE?0 G... .,.F ._ J.. 5O:.g N .m-? 0.(3?2. ..2 3 

Schizachyrium G. F ?..SQ.g Km-2 ..d.O?l. .2.3 168.WE90 

Schizachyrium : G f 2.0019 N m-2 0 012 23 ..... ... I -368 W.E90 

Schizachy.r!um I G F. L5O.s N m-2..VN? ...j 2.3 168 WE?0 

Schizachyrjum ! G. F 5,V.g N .m-?. OJVZ.. ? 3 323,WE?0 

Schizachyr.ium .j G .E ..?.! so. 9 N m.-.? :..o -00s. .?.? 3 ? 3. .YE90 

Schj!ch.~~/um ,.G. .._.. .._ .._ . ..1...00,.%Y F m-2 ,. .O - 803. 2.3 ..3 ? 3. ““Eg? 

Andr!won ._ G. F .. 2.00% N..m-2 0,029, : 2.3.. 68.WEW 

AndroPw? : G .F. l.& N m-2: 010?2. .?? i 69 WE90 

Andropogon ‘G F l.SO:g N m-2. Q..O22 .2 3 6?.WE?O 

AndroPegv! ; G F Z!.QCl:g N m--2.. O'101?,.i3 168.WE90 

Andropogqn.. 168 WE90 ..G ,F .?..OW. m-2 0!0!.2? 2.3 .,.. : 

Andropogo.n G ..F. 1.5@g..N m-2 O.OO?’ 2 3... 1.68. WEgO ., 

Andropogon ?.? . 323. WE?0 .G F.. ._ ?.OO:S. N m-2. O!OO? 

Andyowgon G F ..i 2..00. 9 N m-2 .0.006 . ..23 .V?.wE?.O 

.(3ak F F , :. 5.669 ?I my? 

Pine oak F: 3 _,.; ._ 6,62.9 N m-2: 

-g.Q26 

418 MN !. Me+ WdwoWs F .i. F .I. ..53l: 9 ..N m-2 

4 19 M N i White cedar ;..F ‘F i O..lO .9 .N m-2 

420’MN iHardwoods IF ;Fj 1.62 g N m-2 ._. ..i ..j :. , .:.. 

4 2 1 M N. .isavanna ‘G IF ,. .._ ..A.._ __ ; .X37.: 9 ?! !?‘? 

422;MA (Red pine .._...... . . . . .F F : 8.55ig N. m-2 j 

42.?iMA iRed Pine 7 5 1~ g...?! mr2 i __...............: . . . . . . F .._ i..F . . . . . .._.......___.. ,_...... :. : 

424;MA : Red pine ;F F j 
. . ..___... .----..--.-.-.-.--.. . ..I -. J.g.,7.$.; g .pj .rjlp? .: :. 

425:MA ’ Red ,F ‘F: . . . . . . . . .._.. _,_.............. pine 8.3719 N m-2 .._ . . . . . . . . . . . . . . . . . . . 

426;MA !Red pine ‘F IF 1 _.__................._ . . . . . . . . . . . . . . 13.5 1; g...N lyny-. .._____ j __......... i .._____._.._.._........~. 

427%A .__.......: .._____.__.. j Red pine F jF i : .._..___. lOJ8~c...N m3 . ..““.“....,.........‘.......! :... _.____........... >. : 

15 ‘... -2 18 .GR94 

O,c)??l A 3. .I.. .__ 298 .GR?4 

0.023 ,J?/ .216 GR94 

O.O@;.. .15 ;. .318 G-R?4 

0?.00.3:.. 15 ; .-... ./I 6 7 GR94 

o.fI12;.. 1 5. j 16.2 G.894 

8:??? . . . . . . . I..0 ..406lAFJ9:! 

flg.J9: 10 ! _.......... 4 0 6 :.A B-5’ 3. 

o:!@ .x..l. ,406iAB93 

0021; 10: 
.;... 

406~AB.9.3 :. 

g...g..3.‘,..lg i 406iAB93 .. > . : 
0-..02.? 1..4...; 4qEM 

0.0 14: I..!...! 508,AB9.3 

0014, 10: . ..! . 508jAB93 _______....._......_... :_ 

;z 3 323 WE90 



: 4.3.0 ..M A. _. ..bv?w-??~~..~. F. F 8.349 N m-2, 0.016,. 10 5.88 AB93 

:??!..MA . ..Hardwox! :.F. _.... F ;. 6.56.g N.m:2 0.013,. l.0 .508,ABg? ,. 

4 3 2. V A . H?W?!ood. F ._. .._ _._.... : I= ?..?.? g N m-? .OIO?O ..I.0 .,, _; 508.A893 

4 3 3. . ..Y A F i 508:.A.B?3 ..?.Z!?.g Harcfwgz! _... . ..F... N. W. Or!!@.. $0 

1434. !! N ,___: Bo.g EW L . . ., : . ..o. ll.0, . . .:.: ::.BW? 

i 4 3 5 M N.. . ..kdic .__ fer! ._.____......,.. . . . ..EW . . . . . . . . . . C : .B.Rt??. 1.. :.. 0 :iw......,..: 

/436’MN ’ Intermed ,fen ‘EW ‘L ,._.._ _,__ .:.:. _. . . . . .: _. _._...... j . . . .._.__.._..._..,,_.,: . .-‘.._.__. . ..____............_. ,....,.... ..: . .._.. O&3.? :. .!.. ._ ..‘ .:;.y= 

i437 MN Cedar swa.mp ..WW ..L. . . . .!. .:d 044 :. Vi?8 __ ._l_. :. : 

1438 MN .: BF29.8 / j .._....... Tamar. swamp ..Iww... .L : ._........_:_. >...* . . . . . . . . . . . _..,,.... .,. ..,I.: . . . . . . .; . . . . . . ; .p6?. . ..!... . . . . ;; .:..-. . . . . . . ,. 

:439 MN Meadow . , ,_,_... w.. .c,.; .._.. . ..!..I. .._ .._ .i..a:07o.; !.. .:.. ..‘I BR.?8. 

1.44.8 .I!? .._ ; Agrj.cg!.Wre ._ .., .A. _. L. ..I 9 lu m-2 !J..O.98.!. . . . . . f.. iCH98 !:. 

/4.4.1. Y! +ricuItuye __.. ..:A . . . . . . . L. !g -: .I! m-.2 ..P.O92~ f... ‘,. .._ ljcwi! 

/4 4 2 I M I i Agriculture : 4 _: !! -. 9..C?..m~2:..O,.o.7.e; . ..‘......_ I.. .._.. ,. ..,.. .!.i.C.H 9 8 
I 

. . . . . . .,.... 
.... : 

._ ;.: 

1443 : M I ’ Agriculture .._ .., .:.A. .i.L :.s.N.m-2..0.1P88: . ..!. ‘. .$-‘?8 
I 1444:MI Agriculture. ,..... ., ;A iL ; ...,,_, ..___._ .; ,,.. ‘_ .‘.. ‘.-.” -. .. ....‘. I ..:..g N.m:?~.WW .: ,.;. 1. -.;C!-Yg 

1445:ME &v-iculture .:A .L ..‘g N m-2 ;.O.Q.W? . _. . ..CH98 

/446:~I ,, Agrjcuiturai ._ soil. A L . . . : .j 0, :.?3 ,. .!. .: ...:‘~,.,: ..,....: .- 
! . 

. ..r. .V-! 9 8 

14471MI Agricultural soi! _ A L . ,;. . 2 ..!. ,,. 0 x.5.. - .:. : .,CH,98 .; .,. ,, ^ .a : 

;.4 4 8 ..!I .i AgrkuWra!! so!! . 4.. L .&i98 ,. _.. ..! .:.. ., ., ! 0 OS! - _ 

/4..49.M1 .~&W-W!ra!. ..sqil ._,, 6 
I 

‘: I.. .;,, . . . . . ..! O,lO2:. . ..!. _ -. .C H98 

j4 5.8 3 !. i Agricultuya! ..sqil .__..., A C : __ ._..: !.. .._ .;.O, 1 12 : --CH.98 

j4 5.1 M.!. i Agricultural soil ,,A L t. : i O!PW _.... 1.. : CH? ‘3 

/ 4.5 2 .!?I. j Agricultural soil. /.. : A ,,,,,,. L .: ;..a. * !o 059 :. ..I .: .! y (3H98 .’ .‘.. .-.. 
j453’MI : Ag.r-cultural soil A L .I :CHg8 0.1 1.1.7:. .?. .I: 

1454.i.M I ._ &p-icuItu~al Soil A L ., .!.!... __, _ I. . . . . . _. .O ,.0.$?5.; .._ ! : ._.. . ...’ C!-! 9 8 

/4 5.5 [.M !,, ,, i A.gricuitural soil A L :- . . . . ..: I- 0 O?s/ ._ -__ !... .: ,, ..;c.H?8 

l.psh .plJ ,.......____ __._......_._,____,,,_ I Agricultural... .so.i.! .._... ;..A __.........: L... !. _._ !.;., __.___...... ._ ,,8..?!8.i .._._.. .’ .._. j _... ..:.i c.H.9.8 

, 

i End of File . 

APPENDIX I REFERENCES 

A685 Aber, 3. D., 3. M. Melillo, K. J. Nadelhoffer, C. A. McClaugherty, and 3. Pastor. 
1985. Fine root turnover in forest ecosystems in relation to quantity and 
form of nitrogen availability: a comparison of two methods. Oecologia 
(Berlin) 66: 317-321. 

AB93 Aber, 3.’ D., A. Magill, R. Boone, 3. M. Melillo, P. Steudler, and R. Bowden. 
1993. Plant and soil responses to chronic nitrogen additions at the Harvard 
Forest, Massachusetts. Ecological Applications 3: 156-166. 



BR98 Bridgham, S. D., K. Updegraff, and 3. Pastor. 1998. Carbon, nitrogen, and 
phosphorus mineralization in northern wetlands. Ecology 79: 1545-1561. 

CA98 Carlyle, 3. C., E. K. S. Nambiar, and M. W. Bligh. 1998. The use of 
laboratory measurements to predict nitrogen mineralization and nitrification 
in Pinus radiata plantations after harvesting. Canadian Journal of Forest 
Research 28: 1213-1221. 

CH98 Christenson, D. R., and M. B. Butt. 1998. Nitrogen mineralization in soils 
from Michigan’s Saginaw Valley and Thumb Region. Communications in Soil 
Science and Plant Analysis 29: 2355-2363. . 

DA97 David, M. B., L. E. Gentry, D. A. Kovacic, and K. M. Smith. 1997. Nitrogen 
balance in and export from an agricultural watershed. Journal of 
Environmental Quality 26: 1038-1048. 

FR90 Frazer, D. W., J. G. McCall, and R. F. Powers. 1990. Soil nitrogen 
mineralization in a clearcutting chronosequence in a northern California 
conifer forest. Soil Science Society America Journal 54: 1’145-1152. 

GA94 Garten, C. T., Jr., M. A. Huston, and C. A. Thorns. 1994. Topographic 
variation of soil nitrogen dynamics at Walker Branch Watershed, Tennessee. 
Forest Science 40: 497-512. 

GO92 Gower, S. T., and Y. Son. 1992. Differences in soil and leaf litterfall 
nitrogen dynamics for five forest plantations. Soil Science Society America 
Journal 56: 1959-1966. ’ 

GR94 Grigal, D. F., and P. S. Homann. 1994. Nitrogen mineralization, 
groundwater dynamics, and forest growtheon a Minnesota outwash landscape. 
Biogeochemistry 27: 171-185. 

GU91 Gundersen, P. 1991. Nitrogen deposition and the forest nitrogen cycle: role 
of denitrification. Forest Ecology and Management 44: 15-28. 

, 

I HI89 Hill, A. R., and M. Shackleton. 1989. Soil N mineralization and nitrification 
in relation to nitrogen solution chemistry in a small forested watershed. 
Biogeochemistry 8: 167-184. 

HO94 Holmes, W. E., and D. R. Zak. 1994. Soil microbial biomass dynamics and 
net nitrogen mineralization in northern hardwood ecosystems. Soil Science 
Society America Journal 58: 238-243. 

LE85 Lennon, J. M., 3. D. Aber, and 3. M. Melillo. 1985. Primary production and 
nitrogen allocation of field grown sugar maple in relation to nitrogen 
availability. Biogeochemistry 1: 135-154. 

NA83 Nadelhoffer, K. J., 3. D. Aber, and 3. M. Melillo. 1983. Leaf-litter production 
and soil organic matter dynamics along a nitrogen-availability gradient in 
Southern Wisconsin (U.S.A.). Canadian Journal of Forest Research 13: 12- 

’ 21. 

NA85 Nadelhoffer, K. J., J. D. Aber, and 3. M. Melillo. 1985. Fine roots, net 

, 



PA84 

PA87 

PO92 

RE82 

VA92 

VI85 

WE90 

ZA86 

ZA90 

ZA91 

primary production, and nitrogen availability: a new hypothesis. Ecology 66: 
1377-1390. 

Pastor, J., 3. D. Aber, C. A. McCiaugherty, and 3. M. Melillo. 1984. Above- 
ground production and N and P cycling along a nitrogen mineralization 
gradient on Blackhawk Island, Wisconsin. Ecology 65: 256-268. 

Pastor, J., M. A. Stillwell, and D. Tilman. 1987. Nitrogen mineralization and 
nitrification in four Minnesota old fields. Oecologia 71: 481-485. 

Polglase, P. J., N. B. Comerford, and E. 3. Jokela. 1992. Mineralization of 
nitrogen and phosphorus from soil organic matter in southern pine 
plantations. Soil Science Society America Journal 56: 921-927. 

Reddy, K. R. 1982. Mineralization of nitrogen in organic soils. Soil Science 
Society America Journal 46: 561-566. 

Van Miegroet, H., D. W. Cole, and N. W. Foster. 1992. Nitrogen distribution 
and cycling, pp. 178-196. IN (Johnson, D. W., and S. ‘E. Lindberg,eds.) 
Atmospheric Deposition and Forest Nutrient Cycling: A Synthesis of the 
Integrated Forest Study. Springer-Verlag, New York. 

Vitousek, P. M., and P. A. Matson. 1985. Disturbance, nitrogen availability, 
and nitrogen losses in an intensively managed loblolly pine plantation. 
Ecology 66: 1360-1376. 

. 

Wedin, D. A., and D. Tilman. 1990. Species effects on nitrogen cycling: a 
test with perennial grasses. Oecologia 84: 433-441. 

Zak; D. R., K. S. Pregitzer, and G. E. Host. 1986. Landscape variation in 
nitrogen mineralization and nitrification. Canadian Journal of Forest 
Research 16: 1258-1263. 

Zak, D. R., and K. S. Pregitzer. 1990. Spatial and temporal variability of 
nitrogen cycling in northern lower Michigan. Forest Science 36: 367-380. 

Zak, D. R., and D. F. Grigal. 1991. Nitrogen mineralization., nitrification and 
denitrification in upland and wetland ecosystems. Oecologia 88: 189-196. 

, 



II 

APPENDIX II. Literature review of annual N uptake by plants. RN = record number; 
SITE = state abbreviation or other geographic location; BRIEF DESCRIPTION = 
vegetation cover; LULC ‘= forest (F), agriculture (A), herbaceous (G), emergent 
wetland (EW), woody wetland (WW); SOIL TYPE = sand (S), loam (L), loamy sand 
(LS), silt loam (SIL), loam (L), sandy loam (SL), sandy clay loam (SCL), clay loam 
(CL); F = reported N fertilization (g N mq2); U = annual N uptake by aboveground 
plant biomass; REF = reference source. 
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8. i f! A Pine ._ .._ .._ ;..F j.:. ;.... .LQ.i ._ A.?. g N. m-2. 4 B ? 3. 
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$8 :WI Soybean:Corn. _. A ..SIL. .: 9,.P C5.g N m-2 Bug3 

6 9 ..’ WI Soybean-Corn SIL : A .O,.O E.&g N m-2 .W93 

z-0 ..- .!I ,[Soybean-Corn -. 1. .fi 5I.L. ..04.: ?..L...s N m-2 493 

7.1 ...... NJ -_. !szly~b~~tl~l~~~~l -... .‘A .-. .lSIL 0.0 22.2-g N m.-2!EjU?Zj 

‘7.2.. i.W! i-Soybean-Corn-.Cern... A AS. ..olO: _ 3.O..g. N m-2 .BU93 

7 3.. .i.WJ .i !$y&ifn:Corq.-Cqrn A :Ls .--. 9.0; -4.3 .9. .! m-? j FE!? 

7p i WI .,. Soybean-Corn-Corn A .L.$ .‘... 04: 82 g N m-2.. E)U?3 

! 5.. !?!I Soybean-CovtCorn. ._ . . A 5J.C.. ... Q,Q, s,4..s .N !?I-2 Bug.3 

7.6 .%I :. .I.SoYb.ean-Co~~-Corn .,.. 4 ..I S?!-. !. 0% . ..!A?.:.~ N m-2 W93 

7 7 ‘. WE. .i S?Ybe?‘?-CV’.-.CV!? ..A ._ : _.._ SIL -0.8. .1? . ..Z.. g N q-2. : B U 9 3 

178 &‘I ,.. $y.bean-Corn-Corn !A !SIL . . . . . ..:.. ._ ._. _ c&g:.. 8.49 0.. my2 :.E.U?? 

‘79 .WE .hvbe5W3rn-C9rn i.4 j S?L. ._ __I .._... . . . . . .:.. 0.0, 10.3.1.g N. rn.-? $&J?? : 

80 . ..!‘!‘I j Soybea.n-Cqn-Corn 14 ..sIL Cj.0: 12.6.9 N .m-2 :f3U?3 

8; ‘WI Corn-Corn A.. ..iLS I 4.5: . . . . 61?.g N-m-2 BU93, 

8 2. .: W? CowCorn. __ .:A .A$. 3. 5 : 8.O.g N. m-2. Bug3 

83. ..W? ; Corn-Cqyn.. .,_, ..- .- ,.a LS 4.5,.. 9.5 g N m-2.Bl-93 

84 .W? .CowC.orn... A. .&S ..i 43 ?.?g N my;! Bug.3 

g!i. :.y.J .-., .. ,_,, : Corn-Corn .- .:.A .SIL 4,s.. l.l,31g N m-2 ;BU93 

86 :w1 .; CWT-Corn _. 
iA. .._ .:. S!C ., 4.5.~. ..J?:!.g N m-2 kJ9.3 

87, ,: W/J Corn-.-or-n... ,A _. ..,SII_ ., fli.5 J6.:.3 g f)l q-t-2 EjIJt93 

s 8.. i.WI j C.orn-Cpyn N 1.4 ..;..S!L .._.... 4,s 16.:5.g C-F:? .BU93 

89 i.WI, .: Corn-Corn : -A :sJL 4.5, ._.. ._ _._. _. i 7.2’9 N. m-2.:BU?3 

90. w Corn-Corn ..,.. _.... _......... ._ 

9 J .-.-; w I ,. ., Corn-Corn .*. -:- 

Soybean-Corn 

Sw.bean.:Corn 

SoY.bean:Cocn. ___ ..__.... 

Soybean-Corn 

Soybean-Corn 

Soybean-Corn 

.%ybc,x.p.:Corn . 

S...y.beafl;Co.rn 

A. iLS ; _. .,-. -. -. ,- -. -. 4,5: ...... 1.1 .4;g N m-2 

A ................ j.5.K.. .... .I ... ..... fL.5.;. .... 1.6.&.9 . ..N.. m:?. .. 
iSIL i 

............... 
I 

A ................. . ................ ..“. 4 5’ 19 9’s..N...m-2. ............ . .... -. ... j 

A ‘SIL ~ .................. f.. ............... . 4.51 25.O:g N m-2 .......... ................ ............ .:. .... ...... ...... ._ 

A.. ........... :..s..! .L.. ..... . ........ .4.1.5.i, ..... .z.:.li.!x~ .. .!I!!:;! 



, 10l)v~. -. .. .,, Soybean-Corn .. .A .SIL.. -4.5.. 13.0 g N m-2 BU93 

102 WI Soybean:Corn. _..._ ._.. 3 _._ . ..S?..C _. 3.2. 2?.4:.g N ..m:? Jug3 ,........... ~ 

1.03 .WI Soybean-Corn A jSIL 4.5 2J..?,.g N,m-? .F.J93 ..: ‘-. 

!9.4..l.W. . ..i.w?ean.sx! A .: s 1 L 4.5 26:S.g .l’j m-2 :BU93 . . .i 
105+/I ’ Soybean-Corn-Corn A J-5 .4.!5. 5.0 g N,.n:2iBU93 .,. . . . .._ -1 :“... ., 

106& : Swbe~~-Corn.-.Corr! .._. .A . 4.S ..__. . ...__! __,..: %?...s. N. m-2 i Bug3 45 .: .,. 

107iWI SoYtEeanTCoyn-Cl?yn.. _... c\ !!A. _.. .:.. -4.: 5 .,... ?:?. 9 Y m:? .B.U?.? .: . ‘. . 

108 WI Soybean-Corn-Corn.. .._ . ..A _ ., .._ __... . ..‘. ..4.3; l.&!i.. g N m:? NJ93 SIL 
_ 

1 O.? ’ WI ..___.._. i.So.ybearr-Coyn_Corn A ‘SIL : 4.5, lZ..J.,g.hj .v.;.?.,.P.Y?.:! : .;.. 

11O’WI j Soybean-Corn-Corn :A b- : 4.5: 1w;.g N..m:? ,@US3. _ .,. : i ! . 

1 1 1 w I : Soyt3~~~~~~~or~~~~~~n; :.. .,.:.A.. ....-,-. lSIL j . . . . ;. . . . . . . . . : ., 4.5~ LL1.g N m:2 ;BU?3 :. 

1 12 i WI . ; Sqy.bean.-Cqm-Coy.. ,,. .,,. _. ..__ :A 
:.s!.L.. 43 _._. .12...& !! m:.? ..B.L.?S 

1 1 3 i WI i Soy~~an-~~~~~~Qx-~ .........., ... ... ,,.. ;A ‘, SJ.L ..... ._ ,__ .+,s... ._ M.~.;,g .rJlJd~.y $33 ;. 

1 14 WI iCorn,-Corn ..__ A LS 90 9.419 N .m-2 iBUg. , . . . . . . . . . . . ! .._. j .;. 

J 15 WI ~ Corn-Corn .___, 4 ..,..__ :.LS _..... I .._... ,.. . ..t ._.. 9.0 12 7 g..h..m;Tj.BJ93 

116. WI ,..__ __. :.Cor.n:Co!n .._........__.... . . ..A _.i j_ ‘LS : %.!x !3,5..9 .N m:?. ‘.s.uq 

117iWI Corn-Corn 4.. _ -. _. -. -. , ‘LS : g...o; .,_, 14,cYg fj .p-.:.iw3. ., 

118:WE Cgrn:Corn :.A.. i.srL... ..I.. ?TO. . ..13..7,!2 .?A .!???.,.Bil93 .: . . ., 

1. 19. ..!N!. ..C.orn:.W-n 
;A 

i.5.K _.... :.. ?..i ._. t4..?$1 N m-2 ,A03 ,. ‘L ,,_ 

A..? 0 WI Corn-Corn 1A : : su7 ..; 9r.O: . ..1%6..g !‘J m-2 BUS)3 

12 !...!!?I... .._ .._.. .).. : Corn-Corn iA ‘SIL i ?..Q... H.g...g N.rn-2 ,$u93 _.... .I. 

122 :W! iCorn-Corp. A .SIL .,. 9.0 12:2’s N..m-2 icw?.? 

1 Z.?... WI .. i.CoJ-.(31.~fl.. A ._..._. I .__.. ~I.L ..__. 9.!.0 17.b N ~4~93 . .,.. i ,_ ,_‘.,. 

12 4 j WE. ,.j C.qrfi-Corn A SIL : 9.0 20,4:.g N m-2iliU93 ..:.. __ : : 

1 25 ‘.!“!I .._ . ..Corn-CM! ._ .._. _.... ..:.. 4 .;.$ !.A :. .._ ;.. . 9.0: 23.5’9 N..m-2.J3.U93.. __ 

!,?6’WI Soybean-Corn 3.. ..L.S.. ;. .._. ..; 9.0: .1.1-43 .I! VT2 Iw!9? 

127 WI Soybean-Corn ; 4.. _. _,, __ iLS ; -. -. .- _. ..%o; _..._ !..?.,.5..g ..N..!??:2...BU!!3. . . . . . . . . . . . . . . . . . . . . . . . . I . . . 

128:WI. ISc.W-n-Corn 4 ..,,, -_ ,,. ; c-5 .._ ;. _,_,.--.,....-- .-. -._---____ .. .. --.,- -,-._,__,_ _,_-_- -..._, . . .._.. .:. 9.0! 12.819 N m-2 81193 

3 2.9 ..W.! .._.. key bean-Corn A ‘LS j 9 0: 14 7:g y. .m-2 .@,U.?? .._._ .,._ . .._..___.............. . . . .._.................’ . .._. ..___ ‘. ._: . . ...! . . . . . 

130,WI : SoY.kew:Corn ____. _.____......_.... . . 4 ..____.__. I.S.I.!, ._____. j ..__ ._. i . .._._.__. ‘> 9 I.Q.; ._.. 17, Tj .g J ..,, m-2 j B U 9 3 .) 

.1.3.1j.W! .__,........ . . . _ . :. i Soybean-Coy! 
: 

A. SIL .._ 5Lg.i a~.i..g..y nl~2:Il,y.~..~.. 

13 2 : Y.? :.SoYba.n.:.Cor!! ._.......................... 3 ....I........ i.s:?.L . . . . . . . . .._...................._. __. 9.0’ 22.6ig N m-2iBU93 . ,._ ._____..._._. 

1331WI Soybean-Corn ‘A iSIL : 9.0. 26.2 g...lj .... y-2 j.BuWJ ,_______.___. f .______,___.____.,......... . . . . . ..__._............................................. /.. i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _..... 

134iWI Soybean-Corn iA ;sIL ! : 
9.0 19.9;g.N..m:2.~.BCI@3 ___.__.._... + . . ..___.___........... j j . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..___..... 

.__._....__. i __._.__.._._..... i ._._.__. ._...__.___._: __._........._____._.................... $3 ____.._..._.. iS.!C ___.___ I......... %.O~ _____ 23,3.;.%N m-2 B U 9 3 135jWI ‘Soybean Corn, : 

136:WI i Soybean-Corn jA jSIL /, 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . < . . . . . . . . . . . . . . . . . . . . .._.._.._.._____..__........... . . . . . . . . . . . . . . . . . ...! ..__ j.. 9 0. 23 5:g N m-2iBU93 ._...........________: .._..... 



II 

,137.w Soybean-Corn .A .SIL. .9.0. ?4,3.g N m-2 By93 

j138, WI SW?ecW-n-Corn. ..A LS .?-8. 6:4.g N F-2I~U93 

/ 139 w.1 ..SW?ean+?rn-Corn A LS . q.s. ..?.3.9 N m-2 :.B.U?3 

1 ? e..:.w !. ..So.y.bea?-(Soyn-.Corn A 4 84 13J.g N m-2 ,.BU?3 

1.. 

/ .’ 

i 
’ 

1.41: WI ,Soybean-Corn-Corn ..A ‘SIL. ?A. !.6,6.9 y :m:?..BU93 

142 WI .,.._ ‘~oy.beanrCqrn-Corn A .-. SIL ?..O;. J7.6 9 N m-i? .BU?.3 

14 3.. WJ . . . ..Soyb.ean-Coyn-C.orn A ..SIL -.-. :. ?:.9 .18:.4 g N m:? PUB3 

1.4 4. w E . Soybean-Corn-Coyn ..A.. SIL.. .V?. s.14.4h N .m-?$V-93 

I.45 WI ‘Soybean-Cqrn-Corn .. A ... ,.SIL : 910 .W/.g N .!?-G.;..BU9? 

1.46 : WI Soybean-C?~n-Coyn. ;,A SW : .. 9iOi 2I!,O’g bj m-2 BU93 

14 7: V/J ... ].Qqrp.-Corn jA ..:.I-$ .i. 13.5 ..!..?,?.g ?A m-?.jBU?3 

148’WI :Corn-Corn , ,A :!A .I 13,5: .13t.?.g N.m:? s.u.93. 

l..!?...W .,.Corn:Cxn i A :Ls 1315 ._ ..13:..4: 9. N. rnY2. ..!!U?? :._ 

&.SQ. .y.1 ,.,, .i.Corn-Corn ,A .:I-5 .. .: 13 5 1.. .J 6 : ij? j g F m-2 .,..B IJ 4 3 

1,s 1 ;.!A’... xorn-Corn ._ r ._.. _ _ 4 ._...... :$I.!- 13.5 ,.... !7.;2.:9 N m:? :..KW 

152’WI Corn-Corn . :.... ..: _..._ _ . . .A SIL 13:s:. 18ig PJ m-2 ;BU93 

153 j WI .j.Corn;Corn ... . ..‘.A SIL 13.5: 21.5:g N m-2 ‘..BU93 ;. 

154 WI ,. ‘Co.~!:Corn. . ..A. ,.. ..:..$.IL : : !?,5: ?.1,,8..g N m-? B.U?.? 

c.5 5 .’ WE, i Cqrp.-Cqyn .: A . ..‘SI!? ..1.3.5. W3.g N m-?.BU93 

156’WI . . . . . . Cov-.-.Cvn.. : .. .. i A .:s!L ‘: 133. 19.6 g N m%BU93 

157 Wi jcorn-Corn. :A... L.S;I.L. ..;....!?.5, ?LU N m-2 :BU93 

L58.W? ..:CoV-!X!rn A. . . ..$?L ,. 13.5 22.9.s..N m-?.BU?3 

158 .wr:. ..SW=!n:Cw.. ..A AS.. .:.. .13.5.,. 1?..6.g N m-2 .VJ93 

1f)g;.wg -. Soybean-Corn .A .,l-S. _. ._ .13...5. ..13..!?& N m-2 iW93 

L 6.&.‘WI Swbean-Corn . ..A LS. Gt5.i .j..4.!.5jLl ru m:2..‘BU93 

1.52 .i..W! Soybean-Corn .14 : I-s 13l.S. 14.6 g N .m-2 ..BLI?3 

E..!!!.!. ..... _j_ Soylxan$orn ..... .... ......................... ............ I.& ..... :..SJ .C ..... i. 13,s: 19.1 g N m-2 

L Jj 9 :.Wj. &yJean-Corn .... :.A. ..j.S.JL ’ 13 5; 20 6 g .N.rn.-? .. :. .......... ! ... . .......... * _ 

1. fx5y.E ..... i Soybean-Corn .... ...... ... 14. .... !SIL : 13 5 25.0 g N..m-;2 ..: ............ ., ..... ..... : _, ... ............ 

L.66 .WJ -, 2ssybB3~n-~~qlJy IA .. ........ ........ i.3I.L .... .I,, ,I.?.? ...... ?fjt.5 g ..rJl p-i-? 

167 WI A ... .jSo~bean-.Coyp .............. ...... ..... ... ‘SIL j 13.5. -17.6’9 N m-2 . .............. : .... .... .. . ._ .............. .................. 

l.6.8 .I WI . ..i.SoY!eaEs?r n.. i.!! :sIL : ._ .......... .......... ... .... ...... _). ... ...... 13.5’ 23 7:g.N m-2 ........ ................... ..... ..‘...., ..... ..... 

169:WI A ...... ................ ..... i Soybean-Corn >. ................. ................. ................ .............. ....... ‘SIL : 13.5 25.9ig N m-2 ...... .................. ....... .................... .... ..... ._ ............ 

.7.0..$!! ... . ..~.~.qybe.an-.~erll........................... 2 ............. ;:.syc ...... , ...... HA.. .. .26,7..~ LN ..m:?. 

+..7J..:..E .J ........ j.SPyPean-Corn_.Cprn ~A .......... is.. ........ . .___ 1.X.~ .13,21.9...IU...rn.~ 2 
172iWI * 

....... 
; Soybean-Corn-Corn ......... i.!!. ....... I. ._; C.S. ........ ; 13.5; 13.919 N m-2 ................... . ...................... ........ ........ 



A LS 14.2 g N m-2 BU93 13.5 

A S.K 13,s. .1?.,5,g N m-2 ,B.“93 

;173 .WI ... Soybean-Corq-,Corn 

jt74:WI Soybean-.Cqr,n-Corn 

17.5 :..w.1 Soybean-Corn-Corn :A SIL 13.5. ,.... ; .:. 19 8’g.N m-2.8U93, . . . 

1.76 WI SOY~+~I+~~CI~C~J~ ,......__,. A SIL 1 .J3!5 ?.0.7...g N. m-?. BU93 

1‘77 WI 17.5’g..t.m-2 ,BU93 .- :sIL. ,.. 13.5 Soybean-Corn-Corn .: A. .._ i.. 

17 8 WI ‘Soybean Corn-Corn A .‘> . . . . . . _._..... ,....._ .._. i.S!.L. .._. :. .!.. ., 13.5 iii &&U93 

179.WI :sIL I. :.. 13.i .2,5.??...g..N m:2.:.E!.w . . . . Soy&an.;Cgrn-Corn A ,.... -.. , 

180’WI .._: Cov:Corn ‘A .._... ..-. -.--.-.- LS ML: 14.!.g..N. m-?.:W??? .,_ 

18 1 ! ‘JV’J ..__.._. Cm-t-:Corr?. .._. .A Ls. .:. !8!.q... .:... . . . . 15 8:g N m-2iBU93 ,__ . . . . _ . 

182,WI Corn-Coyn ,..... .._ !A 17 2’9 !.~-2’BU93 .> ___. LS !S,O.. .._. T l 

183iWI Corn-Corn A 19.8 g .N m-2 .@u$$ L.S . 18 0.. I .._...... . ..,_ ,.... 

184 ; WL Corn-Corn :SIL .._ .._ A _. ‘- .‘.- .-. :-. i I..... ..__ ..I . . . . . . . 18 0, 20 1 g N m-2 BU93 _...... :... .- :l. . . . . .- 

185’WI j Corn-Corn ._..( .._.._ j ..,.. A... 18.0’ 20.2 g N m-2 81193 . .._... sl.. :.. . -- ; 

186 W! ..__... ;.GprnrQ?rn A :SIL . . . . . : : :. ..V3.0: 20 6..g N m~.?...EE?? :... .T. : 

187 WI i Corn-Corn .__.._..., __.. ; .A .._ :.S!L.. i 18.01 2.2,.8;.g.N m:?.'W? _.:. _. 

18 8.. W!.. CowCv :A 18 0: .._ .;. SIL .: : ..!.L?~g..N m-2.; W?? 

@WI Corn.:Corr! A , , : s I c.. -. _. 1.8,0Li9,4;..9 N.m:?.!3U9? _.... j 

190’ WI ‘Corn-Corn A ;. s ?. L 18.0’ ?P...l..g.P! m2 Bug3 

191WI C.orn -Corn A ‘SIL : 18T.O _...___ . 25,fS.g N m.:2...BU9.? : 

19 2 j Wr: _: Soybean:C.om.. ..~ .A ._. ,LS BUS? .: _ IS..? 16!,3 .g N m-2 .. .‘:’ 

19.3 W.! ._ ..i.. SWeaWx? ._. A ..: 18.0: 16 5 g,.N m-?.;BU9?, : ..bs .: . . . . . . 

194 WI ;Soybean-Corn I.4 is ._. .I.?-.Oi LVi.G’! m-2.+!9:3 

19.5 LWI.... ‘,Sqybean-Corn . . .._.............___ . . . . . . . ..A ._ .LS. . . . ..18.0]..20.8:.g ?! m-?.j.BW 

J.96 .WI .,.SoYbean:Corn A ,.SJ.cI. 18.0: 21.7ig NT-2 181193 ., i. .---‘. .‘: :- ... -. ‘. 

197 j M/l:.. ..Soy.bqn-Corp.. ..,. A : 5E.L .,_.:_.... 1810!) Z?&$ .?l .m:?. BY?? 

19 8 ’ W,y A ‘SIL j . . . . . . . . : Soybean-Corn ,. ,, l.0. ..... giJq,,e,.g .fj ..p,d. 

J99:..vlJ .._..... -.,-_,_ ; Soybean:Cgrfl..,,,__. ..___... . . . . . i A .._ ,~~~,~~~~~~~~~~ i.S.E.1, .._ I... ..E..o, .__ .28,2! 9..N m:?. 

200 WI i Soybean-Corn .: A :sIL j 
: .._._..__... 18.0: 21.2 g.N m-2 _._.._. -- .._.. __.......................... i :.. 

2(3x.. WI . ~ Soybe.an:Coyn.. ..__ ___.. .._ i-4 .._......... 51-L 18.0: 24 0 g...N.m:d; .__._. . . . . . * 

BU?3 

2g.o.,,,w I Soybean-Corn . . . . . / . .._......................... . 

203, /wJ _____.. / Soybean-Corn -.. .._.._____............... . . 

2 04 i WI : Soybean-Corn-Corn ..__ < __...............: __...........___._..._._.......................... 

2 0 6 j WI i Soyb,~an~Corn~Corn 

2.o.7..3!!!~ . . . ..__.. ___..... ! Soybean Corn-Corn 

2 08 : WI 

. ..___._.._... ._.._____.___i _.........._.__.._...... 

: Soybean-Corn-Corn _..__...... _.___.__......_____; .__..... .._____________._...................................... 

A . ..s.y? . . . . . . . . 

!. .._____........ SK __. ; 1.8.:.!?.1__... 2.81.4i.u! .rnT? :. 

A ‘LS i 18 0 17.2;g N m-2i . ..___._______ j . . . . . . . . . . . . . . . . . . . . ..__..._..... ‘.. ;. . . . . . . . . 

A ;.LS . . . . . . . . . . . :. . 1.8.:x! ___.. ~.L!icx.N ..__ m3:. _ 

A iLS i 18.0: 21.5;g...N.M!. : ._._.____._..... :... ., . . . . .._............................ 
; 

A __._.__.......... :..s..K . . . . . . . . . . . . .!.8.&!~ ___________.__ ~.~...N...m:?..~. 17 - 2 

4 ------ ----_:._____________-.-: -.--.- :sIL / @8.0., ..__ .m:.gg...!!! !!cj. 

BU93 

BU93 

BU93 ,. 

f3gw9.3 

BU93 

!3J9J. 



;?09, WI Soybean-Corn-Corn A SIL 18.0 24.1 g N m-2 BU93 

‘z.10 WI.. ..Soybean-Corn-Corn A s I. L 18.,0,.,.18.4;g N m-2 ,BU93 

‘211.WI Soybean-Corn-Corn A SIL 18.0 .. zO.1.g N m-2 ,lijU93 

i 2L? WI Soybean-Corn-Corn .A ,SIL, ._ 18.0. ..?8.8 g N m-2 :.MJW 

;.?..I3 .WI ._ Corn-Coyn .A. LS ..22.5’ n4.g.u m-2.BUg3 

/u 4...W!. Corn-Corn .__ A ‘LS 223. .1.9.-2.g.N m:? .!UW ..__.... ._ 

~? C...WI. ..W-n-Cc. 9. : L.3 22.5. 20,g.g.N T.-Z. w.3 _. . 

‘21 WJ Corn-Corn ..A .L.S .: 22.5, -22..4.g.N m-2 .JU93 

;.?..I 7 :.!?!I Corn-Corn i .A. ..SIL . ..222.5 ..!.8!4..g N.m-2 .B:u,93 

218 WI Corn-W-n _. :_ iJ ..:.SrL... .- .- ?Z..s. I22...O:g .N &BlJJ3 

2 1.9, WE. : Corn-Corn A :. 5 1 L Z?.E;, 2L4.9 .N m+YJ93 

2.2 9.. W! Corn-Corn ‘.4 ;sIL : .j ??A1 ..26.,6.g.Y .m-2 ..BUV 
??i WI j Corn-Corn 14 :s1..F, . . . . 22.51. 47J.g lu .m:? lwg3 

2 2.2: W? ..:.Co.rn:.C.o.m _..... A :SK .i A??:? _._. 19!1 g N m-2 BUS? 
223 +v! ~cJt-rJ-c@~r-~ .. A j$IL .: ?2,5. ?2,.4:..g N m-2., B’J93 
224.WI Corn-Corn. .A ‘.. ,SIL zz.5, .25.?‘g N m-2 :Blj93 

2?5,WI Soybean-Corn .A ..Ls 22,s. .ls-...,g N m-2;Blj93 

226 .WI ,, Spybean-Corn, ..A .L.S 22.S lS.?:g N W..BU93 

2?7 W! Soybean-Corn :.A L.S... ..22,5: 18.23 N m-2 p93 

22.8 WI Soybean-Cqyn .. ‘A. ,LS f 22,s; 19.Q;gN m-2 ‘.B(J93 

229 WI Soybgt3p,-Corn ..A... ..SIL : 22..5:...21.5.g y m-2 iBUg 

2.3 0 w.1 Spybean-Corn ,A .S?L... 2?.5 21.7 g bj pj.Bu93 

2?131 .SoY!?ean-Corn ..:.A ;.s1 L .J?.S +3’g F ~-2:B!?.3 .: j. 

232:WI 
... ‘i Wbean:Coyn ..4 ,. ..:. S? L 22.5 3l-?..g N m-2 ;.!3U?3 

23iWI ’ Soybean-Corn ‘A .! 

2?4:WI Sqy&n-Cot-p A 

235 ,- 
23 6 

z-3 ? 

2.3 8 

w ! 

W? 

WI 

WI 

WI 

Soybean-Corn 

Soybean-Corn-Cor~ 

A.. 

A 

4 

A. _... 

?.?3..i ...... .... 
240iWI 

241 WI 

242:WI 

243:WI 

Soy-bean-Corn-Corn 

Soybean-Corn-Corn 

Soybean-Corn-Corn 

244iWI . . . . . . . . . . . . . . 

Soybean-Corn-Corn _, 

Soybean-Cam-Corn 

Soybean-Corn-Corn 

A.. -- 

A 

-4 

A 

A 

A 

SIL .....i ?Z.,z?... ??,!,? g lyr-p2~.?.~93 

STL. ..: 22,5.. .?3.-3.9 N .m-2 BU.93 

SIL :. 22.5 24.3 9 .N..mT? ;w% 

” ???I_, . . . . .._ ??A. .2I5!.0 ,.g..rum-?jsu9.3 

!-A 22.5.. l.S.01g Fl.m:2.: ~.US? .,.... 
i : 

L.S. ,. 22.5 17 3’9 N m-2iBU93 ..i f. . .._ .___.. _.. 

LS ._.,._ 22!5j 1.9.!7;..g..N !!-.T~.~ Buy.3 

SIL 22.5’ .: 19.5.9 N m-2iBU93 

SK . . .221: .._. 2.u.j.9. F? _.. mr? ..(. 8.11.9.3. 

,$IJ .,____, j. ,-, 2.2,.5: ____. ??.,Qg..N.~.~2..;f3U.83 

,$IJ _____ j 2.215!.. ,21..3ig N -my2 ;BU93 

SIL i 22.5: 24 5 g N m-2iBU93 _______.__...........................,.............! 



:245,WI .,.Sgybean-Corn-Corn ..A :SIL .2?..5 _, q5.2 g N m-2 BlJ93 

/ 2.4 6 ? !‘J Chestnut Oak ._ __ . . .._ .F ..a 8?0.. 6..9:9 N. m-2 398 1 

‘.2 4 7, .N..C . ..&?ak Hickory .._ F ,.L. 04 .%?.,.g N m-? .C.Osll 

I I ?48 ,-J-N .Oak Hickory . . . . F .:, 910 6.9 g.N.m-2 ‘.CW!. ..__ ,. ._ 

249.TN : We. ..,... ..F. 00 ..:!.. :... . ..?. :--.-... 4.,%. N m-2..CC?.t3 1 

2.50: NC ..j Whlfe...P!.?e . . 0 0: 5 0.9.pl m-2’C081 F. : 1, :. .._ f.. I . ..!... ( ..^‘........ -...-. 

?$A 1.N Yellow Poplar.. F 0.0: 4 8!g N m-2 ‘CO81 I ..:sic.. : !.....: 

?.5,2 .T!Y :.. .,....... i Yellow Pop!ay F I .!?..O: .*. 5.,8. g .N. my? ..CO 8.1 

253iNC i Corn _.... ..... i. .. _ _._ .,.A.. S C.. : . . . . . . . 7.!.0Fi. 4 3 S.?! !???...C!Q8 . ...! . . . . . . 

2 54 N C ..:C.orn ._._......... .& . . . ..S.L ._ . . . . . . ..I I . ..?~..9 N 7 0: ) Y-2 :-CR98 

2 55 N C ..,. Cqrn .,.._... .:A. 
iSL j : 
.; ..: i .%?; 7.&i M m.:?. i.C.P98. _.__...... 

?..5;.(;... c! c... .I w-n _ .._... ._. (A SL 13.5 .._ 3L4..9 .?! m.2 CR98 

I_ 

I 

x.7:.<! .~Cqrn CU8 1 A .;..SC.L ..2.2.4:. . ..1?...g !!! ..n?:.? .-. 

2.5s i.l __. . . . Qr!. _....... j SC L : .._. .:A .,............. 56.!.0;.. 1.4 !.Z 9 !!. mr? cu 81. 

2.5 g.;., ,.Cov? ,.... I.+!! ‘SCL j 89 7: 14 F<g N m-2 Cu8l I .__. 1... .;. .! 

268 * (3cgorJ _ ... A . ..L .; . ..$.O.O’ L22..4:g N m-2 HA76 .._ . . . . . 

? 69 . . &tton A .L .: ..lO.O: 23.5’9 N m:?:.uA?,@ .: 

V0;G.A. .iC?rn ..__ 12.6 ;4 ‘SC. __ : : 19:.0.9 N m-2 ,.HfiE3J 

?71.&!!. ,Corn... :A .._. . ..j .j.SL i”.. 12.6: 21.2rg N-m-2:fAe.J .i :. 

272 .w corn, A .._ ; .. : SL ’ U2,Ij: 22 7ig .?I m-2 :HA85 ;. .- ..!. 

? 73. M FJ ?W-n ._. _. _. ..A. ..__ C L ._. ..!?-.QI 2..6:g NW2 I897 

27p:MN Qrn :. ._ . . 6 C L.. .I .!?A?.. ?,.7 g y m-2 .I:R97 

Z?.S ..M.!Y.. ..,_ Corn 0.0. .,. . . . . . . . _.. __._.. IA ._ ..C.C ..__. ;. . . . . . . . . . .4?? 9 N F-2. I.C.97. 

2 7 6 ‘..M N .: Corn .._.._ ._ 

2..7 ?. : M N .‘. $)rn 

Z 7 8; .M. !b! Corn .._. ._._ . 

27&J ..___ .< ., Cqrfl....__. _,_........_, _......... .._...... 

2 8 9 ..M !!J. :..Corn .,. __ .._ .._ 

281 :MN .jcorn , 

Z.!!?. i .Y N .~ksrn ._ ..__.. ..__................ .>. 

283iMN Corn . . .._..._. _._._ I. .,. .: 

2 84 I M N ; Cot-9 ,.,...., ,__.,.......__,......_ ,..._ 

2.8.5.j.fi.N,.. ...;.Coyn ....___.. _..._.._,....._._,____,...: .,_,____ 

286:MN iCorn ..__._._. + . . . . ..‘.‘.......‘~ __._.......................... 

287jMN .Corn ..__.____.___.._.._............~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...? . . . . . 

288:MN ;Corn 

A ..c L :. o:o; ?.A;.9 .ww;.IR97. 

4 ._ _.... .._.... W?i.. .._ ..5.:.?: g .N m-2 .:.!Rg? .CL 

A CL : 00 ._. _.... : -. : 5.3’9N ny2Z?.I:R97., 

A ;cL i 0 0, _ .._,... .__.__....; . . . . . . . . . . ..., 5.4 9. Y .m:2. :.IR.9.7... 

A :cL 0.0: ,_. 5.5:g N m-2 IR97 _. _._.... ; .:. :... 

A C.L jr _.._.. O.J!i .._. 5.7.9..N.m-Z.i.Ieg7. .-- ----..:. 

A :cL : . . . . . . . . . . . . . . . .._ j. 0 0, 5 8 g . . . . . . . .._.I * . . . . . . . . . . ...! .N ___. m:?.LR9.1Z.. 

A. :CL : .._. : .._.. f. .~ _.. s,.e., .._ 6.1.3.:.u!J . rnT21R9.7.. 

A ‘CL j 0.0: __,.,_ .,.. $4; g...E...ry? ._,. J.R97 

A.. :cL I 0.0: .- ._ -- _,_____-__- .-,__ __ -,- ----, _, -_--_- ,__ : 63.; g rj .._. m-2 jJ.P.R.7. 

A .., 
iCL j o*o’ 

7.l:g N rry2iIR.97 ..:......_ ......; ___, ....,____... ..,_____,........._. .......__,__ .._....,,__, ___,. 

fi _____._......,______....,_,___ .‘....____,,...__.._.,_ ______.......,. + --_,__ ;CL ; 0.0; 7.41 g N rm-2 ; 1.R9.7.. .___,__ 

A... .._.__ :.c..!, __._..... i . .._.__. 9.!.!i .._.______ 5.!.&..N ____ m:h!.?.. 



289 .M.N Corn A ..CL .O.O. 5.9:s N m-2 IR97 

1 ? 9 0 . ..!!I N Corn .__ .._,, A CL ,_ .__. P-0. 6.4,.g N ,m-?.!R97 

/,291 ,M N Corn A ,_ .... ..qc .. 0.0 .6.8.9 N m-2.IR87.. 

jzs 2.:M N.. . . . . . .._. Corn /4 -- _ Cl.. 0-Q. 6.9.9 N m-2 IR97 

/ 2.9 3 ’ M N Corn ‘.A.. CL !LO... 2..5:.g N .m-2 ..W?. 

~.E:.M !Y :.Q?rn _.._.... ._.._ .:.A .._ C. L .,.. .O.rO.l. _... .?‘.!.6.:.g N ,... m-2 :.!Rg.;r 

I295 MN a/ . ..Ic?.rn... :.4. .: c !- f?.:o:.;.. .?..?..g PJ m-? ‘IR.97 

/~96,.M.N .._..._... _............ Corn .;A :.CL. O,O;..- .7:7.g ?! .m-? IR?7. 

29.7 :.M.N . . . ..i Corn... IA C L. ..O:.O .,.. 8. J- 9. Nm-? ..I: R.? 7 

’ 1298 Mti : ,............._ . ..j.““‘” ‘A .._ XL. ..:.. O.-O Ej.S,.g N.y-? ‘IF97 

? B 9 ti E.. :.Corn :A :cL ..: . . . . . . o,.o.. 8,6..g NY-Y? ..I!??. : 

13 N..i.M.N :Corn ..;.A $L +. W.. 94.g .Nm-2 .;.!R?.7 

1.3 0 1 i..M.N Corn . 4. ‘CL i 00. .,._ : ?,.Jj.g .y m-2 ;IR?7 

3.0 ? .;!I !!! ‘Corn A c L : 0 0 .._ .., f... :. 9.2’9 ~..tyTdi:R97 . 

’ ?.%.Y..N. ‘.Corn A C..L j 13.5 5ig N +:IFt?7 

I.3 0 4 ; .M. N -Corn ._ A C.L .!?.5 7.4:g N y2.,IR97 

;39 5 
i I 

;.?I rJ Corn A :.c. L k.?!S .7.8.g.N rg-? !I?97 

306;MN ..cor!J ‘A ., CC .13:5 ,..... 8-7.9 N.m-? ,IR97 

j.?.PV!N l.Wn _....__.__ ‘..A CC U153 .8..9.9 .N m-2 VW 
I 
308’MN :Corn A CL 13: 5.; .%O ..g N. m-2. IR??. 

13W.JYN lCo.v? ..A ..cc .i3:.5: .%?.s ru .m-2.. IF97 

I3 1 9.: M. N.. xC?rn.., i3 51 _. ._ .._ CL.. ..,. . . . . .!!!.?...g N. m:? I-R97 

/ 3 14.:.!! K.. 

315 MN ,. 

Corn 

Corn.. 

Coy ....-.--...-._ .... .... ...-.-..-...---. 

Corn 

Corn 

.3! 6 !! .I... .ic.K! 
317.MN iCorn 

318.;MN iCorn :. 

.J. 1 $I ; .M. .rj ___ . ..i c.9 yrj ------,_-._ _ 

320’MN ICorn ._..._ I .._ ._._ j ._.. _.__...._.........._._.... .._..... 

.3.2. A..,. M..r? ~..co~~ ._......._,._...................................... 

322iMN /Corn .._......~.____._....._.... j 

323 ;MN iCorn ._.._.._____; __.__._...._....: 

324iMN iCorn 

--: 

>. 

..: 

.j 

.<. 

.-: 

.i. 

..: 

.-, 

.:. 

.:_ 

A c L 13.5’ 10.1 g N m-2 IR97 , 

A I .c I-.. .. -. -. .-.. .. .- .. ._ 13.51 1O.l.g N .m-2 :!R?7 

A .&L. 13.5: 10.5 g N m-2 IR97 ..,. 

A 

A 

4 -. -. 

A 

A -. -. -. 

A 

A 

A 

A 

A 

A 

cl. i EL$:. ......- 9T5.9 !? m-? 

CL . . . . . . . ..L 1315 j l.O.!.l..,.. 9. .ru !??:2. 

c L ._._..__.. ~ 1.32 !..O,l.;.g...N. .m-? 

cl. j 13.5 10.9jg N m-2 ..: . . . . . . . . . . . . . . . . .~ 

cc j JJ.,5 ._,.__.._____,_,_, 1l.li.g N m-2 

CL . . . . . . . . . i 13.5: 11.4:g...N.p.:~. . . . . . . . . . 1 :. 

1.8ig N m-2 

I!97 
I!!? 7.. 

IR9.7. 

If?97 

p 9.7. 

IR97 

IFt?? 

E.R?.7. 

J.Ft9.7 



,3? 5 :.M N Corn.. A CL .,13.5 .>1.8.g y m-2 IR97 

;326’MN Corn A CL /. 13.5. .1?Lg Nm-?..IR?.7 I 

;327 ..M !Y Corn A ..C.‘- .:. J3.5: 12,.9,g N m-2 ,IR,97~ 

,328 MN i Corn ., ._......._......... ;.A C L... . . 13 51. .1.3? g N. .m% W7. 

‘.? z ? I EN Corn ,. 13.5’ 13.5’9 N m-2&97. ‘A .. .. CC ....,,,_...._, ,,, .._... ,,.,.,.. ,,. . ..i 

330:MN Corn A !CL .._.,........____.... / .___.. _.._........... . ,.. ..-...-. . -.. ..-. 13.5, 13...8:g .N..ry?,IR97 .:. .; .-. ._ 

331’MN Corn ‘A ?L : 13.5 14.0 ,_,__, ._,......... .._. .._._..... . . . . -.- -... ,-- .--. 9 .b! .._ m:?..LR.V .) 
3 3 ? ..pl.y, .__-., ____ : Cqrn ,A -._ __,. _-. : :c i. . ..13.5. . 14.3.9 N,.m-2 :IR??. ,’ -..-’ 
333:MN Alfalfa . . . . . . . . . G ..__ : C. L.. _._... . . ...! .,.. .__ ..;.. __ .0!8&! .m:?., IR97 

334;MN Alfalfa :G CL . . 2.2:g. y -m-2 IR97 

335;MN Alfalfa .mS’ IR97 . . .._ _. ..-- G CL ..-- I.... 1. T: . ..3..& ..N 

336, M.N i Alfalfa G IKs.T/. ,_ :. __...._ ,. . ..\.. .-. .-..-.-. ‘CL __.._...._._..! ..__...... Z!.O .9 .!!J m-.? 

337’M N :Alfalfq..... 

...i 

._....;..._..... . . . . . . . :G I N __..._ ___._.....~__._, . . .._..__. . . . . . a? . . . ;.. . .:_.. LT..? g m-? ;.I !W 

3.38 ;..!Y..ti .__.. .j.NIa!!?! _.. ..__..._____... ._.__..__.... LG.. . . 
iCL 

j 3.7 g :.: fl.&IR97 : : ‘...--.‘. 
3 3 9 : M N j Hairy Vetch ‘G CL N. .!I+? iR.97. : ., ;.. .._ . ..!.L.. . ..f...?.is 

340jMN .: c L Hairy ifetch ..: ..: G . . . . . . .: *... 2.2:g N m-2iIR97 

341’MN ;cL : ; Hairy Vetch ,.,cg ,., .-, ,... __, ...., f -- .. ? 1.6’ 9 .?A .m-.?. ! R9.7 

3.4 2 .y. p4 Hairy Vetch -__, --__ ..- -.. ... .- __ ....,, .,, LG... i.c c... .., ,_ .: 5; 4.?.!rN...m-2 :IR?7 

3,43,MN _, Hairy .!&W! _. ..i G .._ . ..C.L .._._ : i.. 55,,g y m-2 .IR97 

344+:M N. Hairy .Vetch .__._ ‘.G CL .; .!.: 5.7:g N r+IR97 _. .:. : .. .. “_ 
?.4 t;.:.! L. .._. SWeans ..(mWat/!W ..A. .: XL..: ’ 0.0 X,6ig fl’y+.jJQ75 ., : 

?.46.:1!7 Qvbeans.. We?W ; A... ._. j $1 I- .._ :... ;. O..O !.!.!.3 g. N. m:;! ,J 0.7 5 

3.4 7 ! L i SWeans ..Oxdu!ati.n9) :.A.. . . :.. ._ :sIL 11.2’ 22.8 g N,.m-,2.J?7Ej , 
/ .A . ..S!L . . . . . . :...... 11.21 17.0:g.N.W ;!P.?s : 

357:TN : 

..SoYbea!s.. m?n:nodl... 
Chestnut Oak . . . _. . . :. 

Oak Hickory 

..Fwe .... ~~i~,yJo~ .____,,,_....,_ _____-__- 

Yellow Poplar .___.__. ..__..___,........ . . . .._...._.__ 

Hardwood. ___......_______...._......... 

-: 

s !.L ... ’ 22.4, 21.lig N rn-2iJQ75 ; .................................. 

S!.!? .. i ... 22.4 ...... .2kw!! m.2 .. . 8.Z.S 

SIl, ...... :. .... 44,.6 ...... 22,..g...N.-m.~~.j.!.P7.5 

$.!I ... .i. 44 8’ 22 3 .g ..N m-2 JO75 ....... : .!‘. ... . ............ .!. ................. ....... .... 

1. 0 01 ......................... 1 ........... 6.2i.g N m-2 iJO ................ ............ 
. . 00 ........................... . ............... 

6 7jg N m-2 1 JO89 
.... . . ..... .................................... 

.: 
o,oi j 

............... j.. ........ ............... 5.2’9 .... ........ .: N m-2:3089 .. ................. . ............. 

I i 
ooi : 

* ................ .......... .... ..... i 6 4 g...N.~_2..11.0~.~ .......... .......... i .. 

o,oj 3.4ig w...rn-?.;.j.O9 2 

0.0; ...... J ., 7; g...N..m-2.~~.09.~ .. 

I.. ............. . 
o*o; j 

.......... ........ :. ........ 2.5ig...N. m-2 iJO ............ .............................. 

.................. i.. 0 0: ........... I.. .............. 2 4;g N m-2!J0$2 .... . ........... ..... ............................. 



II 

363.Y Pine F : 0,o ,J.?,.g N m-2 JO?? 

3.64 TN Pine ._ .._.... .._ F . .._. :..O,O 23.9 N WC!092 ; 

374 NC . . . . .B?wkgr?e :G ‘!-S 3.3..5. 24..7,g N m-2 ,,KI85. 

3.7.W C. .d!erm.ud?g!-ass G ..LS 67.0 38&g. N m-? K185 

3.?6 .N.C ._.. ,.Bermud.ag.ras? ..G.. .LS .1.34.0. 45,q.g N. m-2 ,KI85 

3?.7..AW! ..- .-Marsh. _. .,.. EW... (.‘.... .._ ,,,__ .:... 

378IWV ‘Corn 

. ..E7..5 .g N. my2 ..I<L75 

‘A , ‘..... : jm,, ,,, 815, 8:Y.g N m:2jW? 

379 .WV. .ICorn _. .;.A.. :..?TL ._.. .8...5, - K8.g ?J m-2 ,LE7.9. 

3.80 WV hrn.. ;. _.. ..4.. .__.._ .._. ;sIL : _.. 8,:5 .... J.O!.Q..g.,N .... F.-.?.ikE79 

3.8.3 : WV . ..Cov .._ A.. X4.. ._.._ .?J... .k5.g .N .m.:2 ..LE?g 

382,WV ‘Corn A . .._._ __. ._.. ._ .._ I......... ,.. SIL ,... .8.5; 1.1.7 9 N .!-eLE?9 

383 i W\l I Corn .. .A ,..- ... :.!sI L 8,s J;:tj g. u ~.-2:&E79 

384’WV :Corn .: .._ :A .I .._ ,. 

!,8 3. .\N\1. ..... !-corn iA 

38q!V .cv!. -. .! 

38-/iWV Jorn ..A 

$88 /WV Corn A 

r 8.9 w !J : corn .._ ._ ._ ._.... 1.4 .._.._. 

390 WV :Corn .. .. ;A ... SIL 1710, ; 16*!..g Y m-2 : LE7.9 

?? l...WV.. ~..C.orn.. ..i A.. .._ ..S! L .!7..,? $8!.O’g N m-?;.L.?9 

39?.,.WV :Corn !A i ,:,Sj.L --.: .17.0,. H3..6:g B m-2iLE79 

!93.,Wv ‘Corn A .,. kIL : 17!c), JtJ..9Ig.N m-2 ‘LE7? 

39.4.Jyv Corn / A. : 5 I.!.. I. 34.9,.. j.S.!?g N my? iLf79 

1?5.$!V ..,Corn A... j .SEL. ? 4:.0. j.6,li.g N m-2 ILE79 . . . . . . . . ., .._ 

3 9 6 : WV.. ..:.Corn.. . .._.. A ._. ._. _.... 
$9). WV ,Corn ‘A -. .-. ..: 

$98 WV jCorn :A j 

1.9 9 .: y\! ..,. ;.co yrJ .._......... ..-. ‘. A 

SC.. ........ .34:0.. .... .18:.6 g N mY? .‘.L.E?g 
SIL ...... , ..... X.0. ..I..? .9 g N m-2 LET9 ..... ............. 

.!tj I L ......... . ..... 34A ..?WSi .9 F! ..m:? i LC7.9 

$.I!7 ..... .?4.!.?:. .20:.7: 9. 8. ..!!?:2ICE.~9 .. 

SIL .............. j 341Oi ... ... ...... UU81g N m-2iLE79 

SIL ........... ... : 34 0.. ....... ..... t. ... 22...6i..g..N...~--2j.L.E7? .. 

. . ............. j.. ........... : Jl.Oig N m-2 ‘LE94 ..1.. .. ............ ......... ..... ................ 
LS i ... ...... o.QI ...... 23,1.: 9...N...m-Y~ ..1 II9.7. .. 

8.. ........ . LI9 7 .... .56!.O.i.. ... We! .: g...rU .. c-2 j .............................. 

cs .................. x,: .. 4.1,0..9. .Nm.:2j.L197 ....... ........ 

.LzJ .......... :...1.1..l..,.C .; ...... fw,~~~~g~:+l Jlyg / LI 9 7 
I 

.cs.. ........ i..2.?!.:.!? .: ..... 51.!.?..!m ..r!?:z.,cr.a7 ... 

,. 

. 



4 0.8 C 4 W.heat 0.0 Il.0 g N m-2 MC98 G ,. 

;409.,.C A - : 2.8, 14,l.g N.m:2:MC?8 Wheilt ..,........ ,._.....: .:.G.. 

~.4.! S.: c: P Wet G ‘- ‘...A12 : J6.2.g.N m-2 MC98 

!- 
413 MD iCorn A SIL . . . . . . . . . . . . . . . . . -. __ _ . . . . . . !?.!Oi 3 : 7 j g N. .m-? .’ .I’! E 8 S ,.___ .._......... 

I, 

!- 4 14 M D ‘Corn ..__. ._.......... ..A.. SIL 0.0 4.1 g N m-2 ME85 . 

415:MD -:Cqt-- .._. ._.... A _ .., ..S!.c .._..,. . ..O..O _..: ST.0 g N K2.M.E85 .,_ _. 

4.1 6 j M D .. ..: Co,yn :.A.. 6.0 g J’j y-.2. ME85 ._ -. -..... ..S.I:L ..; .O!.O 

4.1 ZLMD Cv.n :A ). S?.L... . . . . . . ,. ..O:.Q 6.C),g.N.m-?.,.M.E8,5 

418’M’D j-’ . . . . . . . . . . . . . Corn .A .9,0. 6.5.g.N .m-2 !!E8.5 -...-...- i..$!.L :.._ ._ .._. .-- 

419:~~ Corn :A .i” _ _,....... .., ..__...... ..,... ..- &L 0.0.: 7:.6..g .N..m:?..;M.~.85. : 

420’MD ,Corn :A ._ I.. :. :su? . . . . . ._. . ..o.o;.. ‘... .: 8’ 1 g N m-2 ‘ME85 

421’MD :Corn :A ;SIL ’ . . . . .._.__....._............. Al.5:. ...... 6!$g N .m-2:ME85 ._ . > .j :...-..- 

422 MD ; Corn .__ . _I. A ..S.? L. ; .f?.,S’..... . lO.ei.,g F m-2 :Mif85 _.._ 

423 MD __ j Corn . .:. be .SIL 4,s.. 3,719 .N m-2 i.ME85 

42.4 M.D iCorn A ‘SIL 4 5: .f. .5,?:s N m-2 iM,E8.5 

4 Z.5, p! 0. i Corn ., ..__ ._ ;.A 5I.L. ,. 4.,st 7.7.9 .N..my2 :ME85 l 

426jMD :cqrn., .., :A SIL ,. .._. .__ ._.... ..i ..,. .4,5 ,... 8A19 !tm.:2.I.ME:85 

427 3 P. Corn :A 

428iMD 

: ;.S!.L :; fK.5 : 8..9 g N m-2 :.YE.i?5 

Corn ,A lSIL i 4..5‘ J2,.!,g IJ..v-2 ME85 . __. .:._ 

424.MD .._.. ._ C9.rn :A :sIL _._ ._. _. !... : _. .: .?.! 0 .9..9 4, N m-2 ..Y E85 

43.0’.MD ., csrn .._,,.__ ,,__,.._._.. ‘._. ..__... j .._ :.A. :s.r!? .9!% 13.759 u-l-2 ME85 

4 3 1 j..M.P :.C.orn ,A ..__.___ ____. _. ..j :sIL ..; :. _._._ WJ... 5.5.9 N .m:2 ,ME8? 

432 Md ‘Corn :A jS.r:L.. 9.0’ _.. \ .-.. -- .-.-. .- -....-... .. 8.2’9 N m-2:ME85 .,. .,_ 

433 MD i.corn A ‘SIL , 9.0: 10.0 g N ryi-j-2,;~~~~~5 _.I_ :. 

434 MD j Corn __ _. j. A SIL ..___._.....: ..__._. .: ._..........._._.. .._..... ___............,......... -. -..-...- 9.01 !..!..~.&l .!! .m.:? pe.5 . . . . . . . . . . . -. 

435 ;MD iCorn f A .. ..$.IIk,., ,__, ., ..,..._....... ._ _____,.,___,_ 9.0 12.319 N m-2jME8.5 .._......... . . . . . . . --..- ..- -. ..-.- ..~.. 

4 3 6 ~ M 9.. .;.Cor.r! __..___........_... ._.___. . . . . . . . . ..___...... A . . . . . XL j .I. ... 9.0 12.8:g u yGjME83. .. 
i 

4 3 7 i lyp ;ca:! ,,,__._.,.....__.___.......................... iA j iSIL j L . . . . . . . . . . . . .9 :.O I.4 - 1 g N. m-2:FI.E.8.5 

4.?.8$? -Corn. ;A iSIL j 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +.. 9.0’ --.----.-...--I-..-- -:.-...--- --- . ..r. A.3 rg.4g..plll.y? __,. plE85. 

439jMD Corn ;A kIL I 13 5: . .._.._.._... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i.. 13 19 N.!?l:?.~.M.E.8.5 ._..._.___.__._ > _...._..._......_,.______.___...~ i - . 

44wu? ;.c.!Yrr.................................................... t . . . . . . . . . . . . . . . . . . . iA i.3.E.L _...... i. ..:.!?.:.5.j G!.8:.9..N mr2.p85. 

4 4.J...;..l.,D ___....._... i Corn iA kJL 13.5! .___..__..____.__._......................................... i . . . . . . . . . . . . . . . . . . . .___.__..._.....,...................~ 7.9; g N .rn:? i tylfiiE5 j. . 

442;MD iCorn :A . . ..____.__.. < ____..___........._._.......................~................. \SIL ; 13 5i ll.gig.-.N m-2iME85 : _________.._.__._. i . . . . . . . . . . . . . . . ..~ .._._..._.....: . . . . . .__.___________._~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ! 
4 4 3 ’ M.D. _,__ i.C.9.y~ _........_________,_...........,.,.,...............; _._.___.___.__.._ _.......___._____,____.............. / ;A ;SIL 13.5; ____ 12.5ig Nmm2.j..McW5 . . . . . . . . . . . . . . . . 

14 E..t M .P .-Corn A 4.8 ggN ‘m-2 ME85 ‘5 1 L 
I’- 

: O! P ; 

412 MD Corn _ .._ .-- A,, :SIL .. 7 ... ..o-0.. .‘. 1:g.,Nm.-2 1.FE.85. 



/444. M D corn.. a ..SIL 13.5 14!1 g N m-2.ME.85 

;.445 MD ._ Wrn .A ..S?c.. ..!.3:.5. 14,3;g N m-2. ME85 

1446:Pj D ‘Corn A SIL 1 . 1315. .!5,O..g N.m-2 .ME85 I 
/447;.yD ‘Corn 4 . ..S.!.L.. n:..?... .l.S.! 4 .g .N m-2 M E8 5 

‘-4 4.8 . . Pj D _ . ..CCr.n, .... A XL: ..13.5:. l?.O..g Nm-2:ME85 

I??..!! .._. EC.. . . . ..C.K! ..____ ..__..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . A.. .N 

j450.MD 

__ _. j.S!.L ..I 18,O .,... .K? g .m:? :.PU! 5 

‘Corn I_.__ ._: A .._ ._. ._. _ ._. 5J.L. ._ j, 183.0 ...... A.7.: 3 .g. N .t-q-2 i M E 8 5 

/451MD.. .._. Corn . ..A S?L.. :... 18..0 .,... %V3:g N m-2 ;.!W5 

/45.?.;.Y!?. 

1453;MD 

C&r.!!. _. _. __..____ ..;A XL. .._. 1&O; ..14:.O..c.. N. ~2 .._ k! E85 

I “. ‘.-... 
Corn iA S?l. .i...._ 18.0: 14,5..g.N.rn~Z..ME85 

1455 MD l... j corn.. .._ ._ .j ‘.A :sIL j _ _... ._I _. J8t3.g ..... m+(g N,m-2 

..M.O. ... corn ...................... ................. ..!I. .......... ;..“~ ..L.. ..... . ..... IS,!! ._ 15,79 .!Y rn:?. 

I4 5 7 Y.P A !SIL ..i.Cw 9.. ............................. _ ....... .., ....... .... .j ............. : . ..le! 0 .. .;?..?j g N my? 

4 5 8 Y.D .; Rx!. A ................ ....................... . ........... ..:.w ... .. . .. IS !.O. .... .1? - ?$ ..M.. m:? .. 

j. 

4 5 9 M D .. ...... ... .. ,A ,SIL : Corn ... ., 27:O:’ 16.5.9 N m-? 

460jMD -. -..- Corn. ___ .(A .,._ _ : SIL 2’7te;. . ..1?..ul N .rnT? 

? 6 !. I WK.. .;.DWWu.s . ..Forest . ..iF. _.. .:.:. .:.i .?a.?. g N m-2 

4 62 ..W : fX9duou.s Forest 
. : 

J.. :..I .‘i 3.5: g ..y .q-2 

46.3w!! ..I Wheat : i G. ;.!- O! 0;. A!! 53 ru m-? 

4 64 F1N _ .. .. .. .. .. .,. ,. .._ ‘Wheat ic;. ‘L _, .. ,./ .._ ,. -,.. .;. O..tI.. .3..O:g N m-2. 

ME85 

ME85 

M.E.85 

M.192 

MI92 

M0?6 

MO.96 

fi65 MN :Wheat. . ..G... _. .:L 4!1 Ei!8..9 t! m-2 ..MO?6 

466.MN ‘Wheat ._..... .._.. .._... i.5 _ . . ..I L.. . . . ..I %.5... ..6..7[ g .N m-? :..M.O?6 

4 6.7 .: M.N. Wheat.. ._ .,_ : !Y ;.. 43.. G 7J;g !! m:? $096 

468;MN Wheat ._’ G iL j 64 .: .__. 5& N. m-?.?P96 

469;MN ,. Wheat. ..__ 4; .._. 4.. . .._... .8,5: 6,3 g...h. .JlJ-z I 

Jyly ....... : Wheat .. ...... -.---- .., ...... .......... G ............. . .. L.. ......... . 9 0’ .... ..? ... l.. ..... ST.?. 9 N. m-2 

MN ...... ~W.h& ............ .............. .G ......... L. .......... ..?.!9 .; ...... 1(3:.!...s..r\l.... m:;! 

MN Wheat .......... ..................... ........... ................. : G. ....... .A .. 1.3:5! ................. .... J.j3,7 g .. . J-q;? 

.lJl rj L .. yiul!glt: ........ .... , .G __ ............ l3!.5; .... K?K?.~...g. .N.my 2 

MN ‘Wheat G ................. I.. ............................................................ .._ ................. : L. . .............. J8.Oi 11.919 ..... ......................... bl.t.-? .... 

MN iWheat .. . G ; j .L I .____ ............... ........... ; 18.0: 13 8&N.n;2 ....... ............ I.. ..... ...... . ... I 

P! E.8 5 

ME85 

MEe5. 

MN iWheat ........... 
iG 
.................. iL ................. . ........................................ ..... ..! . ............. / 20.8’ .... / .. .............. .., ....... 12.3&F ........... ..I rnw z. ...... 

..tu!! ... .i.Wh!! iG iL 
... ............................................. . .................. +. ................ i.. < ... .2.7?.11. ... .1q s . ..! K!:2 

.plr\l....... ~&yl~l~. 
jSG i L 

................ ..;. .... ..... i. 34.7, 15.219 N m-2 

.!fY.. ....... i..Birc h.. ................................................. j.F.. ........... .: ................ .i......... c?:. ........ L9.S . ..!!A. CT!12 ... 

._:. 

, 



‘4f@,WI Black. W F :.. .cl!Q 11.9.9 N m-2 NF\83 

;$.@l.‘WI ‘Maple .._ F: .:. O,O: .._.. ?.Og rU !-n-2 JAG.3 

,.4.8 2 .WI Mixed .Pi?e F 0.0 5.8,.g W m-2 !A83 :: 

483 Wr: .._ :Recl...W. ..__..... .F.. ..: :. : .?!o, : 9.99 ?! m-? ye 

484 WI ’ Reg. ..Pjw.. F ,. ._.I ._ O:O .:.... 4,O: g F1. .m-2.: N.483 _ . . . . 

fl!i~s;.VI. --,.--. : Spruce F ._. .9.! 9.. .5!.5;.9. N. m:?..l.M4.?3. __ ( *. ^. : 

486.WI j White Oak .F ._...... C?:O 10.8’9 PJ m-2’N’483 _. ., ,. ., 

487’:WI White Pine ..__. _.. ..I F ..o.o.. :. 7,8.g N m-2 NA83 .!... 

qt3Ij i WI Mixed Pine _.. I F j !. : O.!.S;.. ..6..4.9 r)? T-2 ..!!!8ft. . 

M39.;..Ly I Oak 1 .._ F... ._ ..:! o,.o: 1.1:.4.s .!! m-2.; NA84 _. ..:. 

490,WI I Oak 2 ._ .._......... .,... F 1.: :. __ 9.G.l .._ 8~.8. 9 N .!t.? ; ?!A84 :. 

fl9$ t y/J . . . ..okd... 3 . . . . . . . .,_,_,.......... ., .F ., : : . . . ..I - 7.13. 9. N. ..m.:? ;lu As+ 0 0: 

4 9 2 WI __.... &per Birch F !L.o, . . . . ; 5.1’9 N m-2 :!A84 .._ --... ..-.-.. 

493’ WI : Red pine ‘F o-0: _. ._j .._ 3:2,.g N. .m:? :.WNV . < .- : 

494 :w1. :pl~ :F ..:.. ,...... OJi.. 4J.g N m:2.‘.NA8~ 

495jWI Sugar map!e ..F ; . :. 03. 6:fJ.g .N.m:2..NA84 

4 9 6 .i.N J. ,_-,._ : White Pine ‘I= ,;:. .:. O,O 8.6 9 N m-2.NF84 

497jWI Birch F .., - ( __ .9? 0 ,. .._ T.‘. 9 2 g N m-2 N,figs .:. I. 

498 ?N! :.B!ack ,._....... _................ ..F _ . . Oak .:. 0.0 ,.._. 14.3.g.N m-2 WW? 
.: 

499’WI ‘Maple ._.... F j. I 3.0. ..lO!?.g N mSVW.5 
500 wi ’ Mixed .W?e .._......._. ._. .._. ,.F.. ‘.. _.. ..: :. CLPi.. ..6,9:9 .N m-2 i NA8.5 ., _: .-. 

5.01 WI Red Oak :F OA .l?..?h N m-2i485 : .y - 

E;o.2. WT ..,_, Red p.ine .__........ .,.;.... I.? _..._. .:.. .,.,: .P!9... 4!7.;9 N;m-? .?!A85 
5()3iWI Spree .._ . . F !. i.. .OJ!: ..6,6:.9 ?A m-2 ..:. ?!A8.5 

5oq i.WI .._ . . . . ..I ..__._.._.. . F. ..; * :. White Oak _. !Ao.; .19.!.7.i.9 !! rnY2 .;..N A8 s 

505 j WI !White Pine != .: : . R.8 .,...... ?:?..s N m:? .._ N48S 

5ogo’..K.s ,___.. .--.-.____,, _,__-,----..,_-__ _,,,,--.--.-___,,,,._,..,. .._ _j ,..... r._. .,, . . . i Corn 4. iSIL j 
..P,.!x K-.7.,.9. .!! .!??A, cyw? 

x7... KS . . ..- icorn .;. A.. +?L.. _....._ .p,.O: i.%5...g r\l m~2iOL.80 
.s 08 ;.K.S ,._.. jm!.!.!? ..__ ..;.” .- -. -. ‘SIL .._....... 1..........__.... 5.0: 13.8L.g N m-2iOL80 . . . . 

sp.9 ..,. KS __......;.. ._ ,.. .,.. _,_,,,... _..... .._. _. j . . . ..S.!.!r <.. .f... .: 1 . ..j. iC0.rn 
iA 

5 0: 21 6~g..Nm-Zj..~L8@ 

5 I.0 i K.3 :.co!T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :A . ..S.!.L.. .; 15.4 _,__... .1.9.!.9.L9. .N..m:2 peso. 

5 1 1 ; KS 1 Corn : 4.. _. -. _- -. _- iSIL i 15 0 24 61 g N.,m.~2iClC8.0.. .,..____._._..._ 7 ‘. !. 

Kz.&!.c k9.m -.-.------.- -.---.-- 
iA iSL / .I 13.6’9 N m-2 lQ.y.S+ .__,_.____._._......._~ j . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

530.INC iCorn ___._._.. ;.c! __.______.___ i.YFSL _._.__...._...... ,;_____ .l..s,o;g...~...mr2.i.~.~.~4 

5311NC iCorn . ;A ;Ls ; .i 20.919 N m-2;0”94 

532:SC ’ ; Typha ._.. stand ,___.__.________: _......._______ i.iW...: .___ i.: _._.....___._.. i .._.___... t.j ..__ 3.:.2&N .._ Fk2.dP.R.8.4.. ._.._____._.................... i 



II 

1533,Mbl Typha stand .EW - * 15.8 g N m-2 PR84 

1.5 3 4 CT! 5 ._._ W?ha stand. .: EW .! .7.4.,g N m-2,PR84 

i-5 35 M N Twha stand.. ..EW . . . .14.,l,g N m-2.,PR84 

/536:MN stand ._ Typha E.W ?. .._ *. 6..tlg pj m-2 PR84 

j537 MN / .Typha. stand. .EW ! . . . . . . . . . . . 5.4.g N m-2 .PR84 

~.3.38. M.!!. . . . . . Typha ,stand ............. iEWI !..,. H)!Og.,.g N-m-2 PR84 

I.??.?. SC. ._.. :. ._. __.. .._ ._ .._,.___.. .._ ..:.F... ’ Pine ..i.! O,.!? .?.! 5..‘.g ..K my? :.R.I.?$ 

‘.5 4 0 .N c. ..Pi.!V? ._ F. :... ..:.... .8..9: : 2.5. g N m-2 i RI?6 
1 
54l.IPL Pine .-.- ..F .::. :. . ..O.!O 2.4 9 r\l m.-2 i.fvg.6. 

542 TN..... Pine .F 00 1 2.1.9 N m-?:RI?6 

543 ‘G.!... ..__ w!e.?t .._. IG. SL.. .,. 7.73. !.?,?..g N m-2 :.W88 

5; 5.1 : WV ~Wfc!w-ass 0.0 .G ...:. L ....- . . ...’ 5.: 5.. 9 M m-2 .ST? 1 

5 5 2 WV ; Switchgrass iG IL j 00 .t.. ., _._ ~:..~~.g..N.rn-?..: ST91 

553. WV iswitchgrass , $i _. ‘L i 0.0’ .5.7; g 1 JR.-~? ;..ST9 1 

5.54 ‘WV :Tall Fescue iL I 0 oi . . . . ..c X?;,g N m$$.T91 

5 5 5 :w y ;.Tal!.. ~f+z~lJ~~ ... .- .G... .L.. : .o,o 2.1.9 .N..rq-- ;ST9$. 

5 5 6.: WV ‘Tall Fescue G L I 0.0’ A. : 4?? g..N..W ,STU 

bj 5 7 i.w v SwWwass. .C .._ . ..%O. 3 0.7.. g .! :G ._ rn? .,.$Tg 1 

5 S 8 :..!!!V W!&!wr.ass. .._ .: +.. L . 2.Q. 
iG 

7.84. .N ..m-2. ..s-rg 1 : 

559 .wv .,SwW?wss~ ._ . .;. .._ : ? 4.. IL 11: 5:s N m-? ‘..S.T?l 

5.6.0 .jlV V. .j Tar!.. Fescue.. __ -.. :.G iL go .:... .: ..7.& N m:?:.S.T?l. 

i5.61 ;.‘A!!! :.?a!!.. Fe.v?.e T..... ..__ .__...I G. . :.L .: 9r.O.. 5.6’9 .N m:2IST1 

%2:W Tall Fescue __....... .._..._.. ,__.__ G .L ‘i 9.0 8.6 g N ..E-2 ;-ST.91 

i56h”” SWtch9’?ss :G ‘L .;. ..!Sto. .14.o.g..N.m-2:.ST91. 

!564’WV 

I j. 
Switchgrass.. ,A... . C (.... 184. _...... 11 .5 g..?! m-2 ‘ST% .,. 

i566jwv -.......---.. -. Tall Fescue :G ., L .18,0.. 1.1.,.?...9 ..N .m-?...ST.% 
. 

j’ 

TEA!. Pescue ;G ‘L ........ J.g,g,. ... lo, 2.l.g .. . ~rnY2~:~-~T~9 1 

Tall Fescue :G ..,I-: ... ..le..Cj ... Ej.dg. [V..m- 2. j.ST9 1 

Ccl--. :A “SIL 00 ........................ ..... .......... .: .................... i.. ................ . ........... .: ... ... . ... .8; g, .l)l JK?A?.T~.$ 

JlJrrj ......... 
iA .................... . .................. iSIL . 0 01 .................. . .......... ... . . ... . ........ 5 7: g, .Nmy2...$7.8.3 . .._! ..... I__ 

Corn jA [SIL 0.0; ................................................................ .:. ................. i.. ...... ....... ..! ....... ......... i.. 5 8:g !I m-2iST95 ........ ... . . ... . .............. ..... ...... 

Corn iA !SIL i .............. ........ ........... ...................................... f.. ...... i. ................. . 0 0; ....... Y.. ...... ............ .Qh!..N...F: 2.. .. S.T.!?.~ .. 

Corn ;A .;. ................. 
jSIL 1 
. 

o*o; j 6.91 ................................................................ .................. i .................. j.. ...... g ..rJ ............. rw2:.wTqS, .... . 
Corn iA ................................................................. i ;sIL ; 0.2 LO,.g N m-2 

..:. 

.;. 

..L 

.:. .................. . ................. . j ST9 5 .......... ......... .......... ............................ 

f2qF.p +.j &IL ,; .............................................. -, ........ .5.$.j ....... ...~.,si.g...lu..m.~2..:.~ .? 9 5 

Corn ;.A 25!.L 1.. .5.,6! .l.!&O! 9.. N ................................................................ ............. ....... ...... ...... .. m:;Z.j.ST9.5 ....... 



/ 

.s 7,? WV Corn -.. A. 5.6 10.4 g N +ST?5 ..- SIL .,. . . 

1578 WV : Corn . ._ hj 516. ., .516 !0,6..g N .m-? ..ST.gs. 

:.s 7 9. ..y.!! ___. :Corn .._ ._ . ..A. .S? L . 5.6 !!:..2;.s N m-2 ST?5.. 

580 I WV ‘Corn : .._....._ _.... :.A ., ..-..- -... SIC ..I _.. S,6 ___... !.Q..g. Nm-2 .ST95 

58 1 1 WV _‘Cor~.. ..__. 

582 h’f.i! 

_.. .;.A ., SK .:. 3 !,2. 1..?,5...9 .N .m-2 ST!?? ‘_ .. ‘. 

,:Cq.rn... :A . . . . . . . . . .._. 1 ‘SIL I lJ:.?: :. lS.!.l,g.N m-2 :ST95 _, 

5.s 3 :.‘!a .._._ +T?... _ _ ..__. ._ ._ 4 ._ ..S I.!, .._ .: _... .;.!.t ?.: 1.3 A:.9 N .m:? :.X8 5. 

5 89.. .y.y ...,- ,,,,.,... --, -.-- Corn A. SEL. .f!:? ..,....... 13.5’9 ?.k-2 :ST.T$ 

5 8.5 :.W’! .-Wn ._ .._._......._._.. _.. : A ;.S.! L 11.2 14.4 g N m-2’ST95 

5.8 6hvy. :A QyrJ .. -._-._ ‘,.. ,,. .. $L. . . . . . . : ; 11.2 14.9 9..N m-2 .ST.?.5. 

587’ WlJ .Corn 22.4: ‘.A . . . . . . : 31~ i . : 15,8:9 N..FL~~.. 

SS?..~.!!!!!! .___ :.c.!-?rn .._....._ .._._.. :.A. ..sr.C, I 2.2.i xi.. !..:..9 N. .m-2 ‘SE.5 ., 

589 WV .Corn ___ __.._.................. ..--- --. --. : A .S!.L. __. j ._. ??.e.j 16:.5:.g .N .m-2 :.ST.B 5. 

53 fl.‘,.hJ/ ’ Corn A SIL . . .._._..........__........ . . j ,... .- _ ?2!.$ 17!6,:.9. r-4 .m:2 ;sTps 

391 ,WV iCorn ,A _, , : .,.SF.L 22.4: 17 9 g f%h95. .._.._.___._.__,._.___. 1. . 

592jwv Corn !A 
._... .._ .._.... ..- h- 22.4 l.tj..l.,g ?J m-2 .ST?!E. 

593:MS Cotton ‘A .. ‘.- : .. .. , ,_.. ..j ..____..... $I... .: 0 0 : 6.89 ,.,,., N.vv.2 ST?6 

594:MS I Cotton .A SIL : o.oi ._ ..: .._ __ __. . ..:. . . . I. :. 7.O:g N m-2.ST96 

5.9 5 M 5 j Cotton A SJL i 0 01 
_., ,.. ,. . . . . _ _......... . . . . . : 7.119 .Nm-2 $T86 . : 

59 6 ; v s lCW9.n :. ..,.A... SIL CkQl 7:.:-g ly l-q-3 ;sn6. 

5 9 7 ’ M S Cotto!? _.__ ._. .._ _ : _.. .._ ..: 4. S 1 L . . . ,. .,. 04 7.7’9 N n&$T,?$, 

5 9 8,; lyl 5. __, ,.cotton,.. ,.. ., ., ‘A :‘sIL j 4 5 ._ ..__ I.. ,... 7 9 g N y-2 ST96 _ f.. ) ..:. 

599 MS A . ,.Cptton ._... ._ ., ._ . . . . . . . . :SIL 4!,5 . : 8.2 g N m-2 ST9.6 .__,__ .._ .,.,...,... 

:MS :Cofton :A ..‘.S?.L. ..I. ..4,5;.. ._. 8.5 g N m-2 :-ST96 ..;_ _. : 

M.S ‘i Wton _._... ..___.. . . . ..__._.._. ..__..__ XL .._ ..4:.5:... . ..%?...cI .j’J ~-2.; STSP. iA 

602 

603 

604 .: 

605 

G 0.6. . I .  

5. ,5).7. 

y. 5 

pls.. .. 

pl!l!... 

pls 

.plS. .‘.. 

MS 

MS 

M.,S ___,__ 

ST&. ..... ..4:.$1..... ..9.: .? 

SIL : 9.0 8.9 ......... ... .... ........ :. ..... ........ 

31.4 .... :.i. .... y.iF,. .......... y.9 

: SIL j ...... $Loi. .m.,p 

SIL ..... . .,.~9!.~, ..J.Q., .3 

S1.L ...... ; 9.01 1,0.7 ................. __,_,-,_ __,__ 

SIL, : ...... &3.5] ____ ~ .,7 
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6..1 3 ..M s Cotton A . ..SIL IS.0 9.2 g N m-2 ST96 

,614’MS .: Wton.. _ A. S!L.. 18.0 ..lg.4,g fl m-2 ST96 ,. 

j 6 1 !!j .M. $ ...... ... .... ,... : Cotton ..A :.S!.L . N,O. 11.1.~ N m-VT96 

/6 16.. M.5 .(39tto.v.. .: 4 :.. .._. ‘SIL ;.: .... lES!Q J.J.8 g N m-2 ST.96 

i 6 ! 7 . M 3.. Cotto-.. -. A .sTL :...1?,0. _, !?,a+ N m4:.YW 

16 1.8 j U SA Loblolly Pine 
/ ...- 

F : _._._ .__... ._. ._ _ 69 9 N m-2 ‘SW7: 

,$1.9-i U.S A., ,.Lqblolly Pine. .. F 1 ..&1!7...!.N m-2 WVC 

,62giKY Warno!-e .L-.wr 0l.d) F .o,Q . da.89 N .m-2 .WISO 

62 1 :.u iSycamore Eyev old) F : . . . . . _.__ _. .O,? .:... .6.4 g .N m-? .WTM! 

6.22 KY ..... $ycamore (5-year old). i F 16.9. . ..!5.!...9. Nm-?..WI80 : .I 

6.23 K.V ~.S.~c??ore. .15-year old) F: ..i.! .;. J.6~ 9: ..! 6,s; g N m-2 : WE? 

624’KY :Tobacco 4 ,-_ .:,$.J,c ..: .: 9.1.0.. &S.!.g Pj m-2 ZA76 : : 

tj 2.5 _K\I ..iTobl-.ccq ,, A lSIL ; _. ,.,,_,.... y-.,.0.. ..10,6ig..Nm-2 jM7.6 

6.?-cK.Y Xbacco A ‘SIL . ..I s.:.q , I..2,..‘.g N m-2 ZA76 

627i.KY :.Tobacco., __. ,, 4 if5l.L. .;..J.l.:O 15 9:g F m-2 ZA76 ,... -.. : 

629: .J.LI17c!!s .._ .._. .! ..EW !.. ._ t: 8C:O.g N m-2 KA96 

63 0 1 . .; %irws .Ekv.. ..._ !.. ..:;. .12:5’g .N m-2 I<.&?6 

6 3 L.. Phrwni.te~. EW ..: :.: 22,5,g N m-2.,KA96 

6 3 2 G A.. .:-Forage production G L.s .., 80,21: 46:J.g .! .m-2 LO98 

633.??A . . ..I. ; Fora.ge production :.G : LS :.. ! 64...3’ 43 4 g F...m-2 LG9.8 

63.4 G A ! Forage production h... L-S.. 42.:7; 3?:.4,g..Nm-? CO98 i .. 
635.3 A :.Fvage ..pr9duction ._ LS. .: ‘G .?4,6:.. !6!!. .g N m-2 498 

63 6.. . . ..,.Cwess. swamp I WY. 21.3 9.m. q-~-z ‘.RF87 .: ! :... 

F, 3.? t ..I CY P.!TSS clsrne .yw ‘.! 1.0 g N m-2.zR.S87 : 

6X.)... ..I ..I Qi?r.~ss...clome *. : WW .I . . _. i. .._. !... 2.J 9 N m~2i.RE8.7 

63 9 >. N.1 i Tidal marsh i.sw ..,. .-!... .;.. ?. .?O.O;g .N.m:2Is.E78 

6.4.L.. . ..~.Winter..wheat. .._.._ i-G... .._ ..$ ._____; __. __. S,.! .._. :... Z,.?$ Km:2 R.E?.? 

pl4..; f ....-.--....-.-.-.-. .........- ..-.- --- -.... -. .. -. .-.- ’ Winter wheat ;.G. isc i. ..!8.:5... . ..X..9;,.g N m-2 R.E9? :. 

642; Winter wheat ‘G is c ..; . . . . . .._._ j ._ ., 18.5 16.8;g N m-2 RE92 , .i..! .._............... .._. j .._......... : 

643;. Winter wheat ...... ;.G _, _-,_: ~~~_~~~~,~~~~~~~~~_I~~~~y --., j --.-.--. jL i 0(-J -/!...:..g...rj I-Jl-2 REE.2. 

@yl4;., ............... .--.-.. ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ .. Winter wheat -. G. . _. iL j ._.. p3L5, Mt.Mj..g...rj rtltl~.. .Rlz?? 

645; : Winter wheat ......_. G.. ~~~~~~~~~,~~~~~~~~~~~~~~~~ .. ..-.--- ;L qiL5j ...... 14,9,.g...ru...m.~2.;.~.~~.~ 

6461. : Winter wheat G ;. 0 o: 6.3. g N m-2..j.RS92. ,. ., 
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64g; .._ :.: ..________.__ ;.Y!Xacco ._____....___._._._....... .._....__. ;.A .._...._.... i&L .._ / .._ 2P.3.; .._. .1.?.!.5;.. 9 mr2.j.C.A.7.8 N i 



1650 . . ‘Tobacco P. ..SL T2.0 16.O.,.g N m-2 CA78 

‘651 / ?ofato . ..a _ A SL 16.5 8,O.g .UWCA7.? 

j652 .: .._ %4%-is ..A SL K.? . 3.V.g Nm-2 CA78 

i.553 .-. . ..kCc-Csans ._. A :.SL. .._... .3..0 11.7 g .N m-2 CAP8 

16 5.!? .._ W.!. .j Rye .._ G .sI L o...!?.. L6.g M. m-2 YE?.7 

655 WI :Rye ..__.... ., . ..__ _ ._.., 5, .ISl:L 9*.5;:.. : ..8..5...ci N .m3 &77 
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1657 WI* 38.0’ :lO.$,g N rnY2,KE77 
I 
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;6..5S.:‘W! .._. :.. I KY?.. ..j G ..:sr:!- .:. j,tj,pi 10.8 g N m-2 KE77 .:_ 

’ j6.59 ‘WI . . ‘Rye .:_ G jW 1. 1.52,,Q .... J.Q.p..g u Gus?.. KE77 1 
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Soyghum-Sudan ........... .......................................... i.5.. .. ......... $7.. ....... . ...... ?S.Oj.. ... .13.,7.;.9 . . !??:2. 

Sorghum-Sudan .......... ........................................................ . ............. j-3-L.. ....... ~;. ..... Z!?!.!?., ....... C.3:?..9 . ..!?A.. m:?. .. 

Sorghum-Sudan ..................................................... ‘G .......... . ‘SL ....... .......... i.. i 152.0; 12 4jg..N...nn2 - ............. -.<. .. ................ i.. .... ....... .. ... . 

Corn ‘A ;sL i .................................................................................... .:. ................ . .......... 9.q 4.4ig .N m 2 ................... /_ ............. . .... 

.coc.!. ................................................... !.A.. ........... ;.s.c.. ........ i.. ...... .9.!$.. ...... .6!.Oi.9 .. ! mr2. .... 

K E.77 

KE77 

KE77 

KE77 

K E77. 
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:.. IJ i57.7 

,.. KEE.7. 

.: KE.77.. 

.I. 
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_:. KE77 
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,686,WI Corn A ,SL 19.0. 6.9 g N m-2 KE77 

:.6.8.? WI Corn. A SL ..38.‘?. 7,7 g N-m-2 KE77 

,688 WI Corn ,A ..SL 76!(> .9,2 g N m-2 ,KE77 

1689 ..!‘I .COFFI. A.. 152 0 SL.. .- ! ._.._ A.! ..6 g 1 m-2 .I<E 7 7 
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APPENDIX III. Literature review of annual soil denitrification rates. RN = record 
number; SITE = state abbreviation or other geographic location; BRIEF ‘.~’ 
DESCRIPTION = vegetation cover; LULC = forest (F), agriculture (A), herbaceoi::; 
(G), emergent wetland. (EW), woody wetland (WW); FERT = fertilized (Y) or no: 
fertilized (N); HYD = hydric soil (Y) or not hydric soil (N); D = annual denitrification; 
REF = reference source. 
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APPENDIX IV. Arc Macro Language (AML) script 1 

/*N nmodel.aml 

;:p------ -------------------------Purpose-------------------------------------- 
/* 
/* Calculate potential excess nitrogen flux from each pixel in the Neuse 
/* River watershed for each of four seasons. Also categorizes each pixel 
/* as a source of N, sink for N, or too close to call. 
/* 
/*A------------------------------Arguments------------------------------- 

/*G--v---- --------------------Global Variables--------,------------------- 
/*L---------------------------Local Variables---------------------------- 
/* 
/* season = season being considered 
/* 
/*I-----------------Input/Output Files, Coverages, etc.----------------.-- 

/* 

/* Requires a grid called "landcover" which contains the landcover/land 
/* use chtegories and seasonal excess nitrogen values for each category. 
/* Assumes that there is a "boundary" coverage in the . . workspace. 
/* Creates two grids for each season. 
/* 
/*R----Other AML programs, Menus, or Programs Run by this AML program---- 
/*B---Other Am1 programs, Menus, 
/*o--i--- 

or Programs that run this AML program--- 
---------------Operating System. dependencies-------------------- 

/* ’ 

/* Must be run from within ARC GRID. Developed with Arc/Info 7.2.1 on 
/* a Sun Ultra 5 running Solaris. 
/* 
/*H-------------------------------History-------------------------------- 

/* 
'/* 

Original coding by: 
Tom L. Ashwood 

/* Environmental Sciences Division 
/* Oak Ridge National Laboratory 
/* P.O. Box 2008 
/* Oak Ridge, TN 37831-6036 
::E-version 0, August 2000 

----=========================t========================================= * 
/* 
&SEVERITY &ERROR &ROUTINE bailout 
/* 
/* Setup the basic GRID environment 
/* 
SETWINDOW ../boundary /* Make sure window is set within Neuse boundary 
SETCELL 15 /* Uses 15-m pixels. 
/* 
/* Seasonal do-loop 
/* 
&DO season &LIST SPRING SUMMER FALL WINTER 

/* 
/* Apply seasonal excess N values to each pixel based on landcover. 
/* Convert g N/m"2 to g n/pixel by multiplying by 225 m^2/pixel 
/* 
%season%lgrd = CON(landcover ne 0, INT(225 * landcover.%season% + .5)) 
/* 
/* Convert pixels to red-yellow-green.schema based on excess N ranges 
/* that correspond to c-225 (green or sink), >225 (red or source), 



/* and >-225 <225 (yellow, too close to call). 

:i(%season%lgrd It -225) %season%grd = 3 /* Green 
ELSE IF(%season%lgrd gt 225) %season%grd = 2 /* Red 
ELSE %season%grd = 7 /* Yellow 

ENDIF 
&END 
&CALL exit 
&RETURN 
/* 
/9r-- -___--__ ----------,rr,----s---Routine Exit-- __-________-__------------- 
/* Exit Routine - Return'to default GRID, environment 
/* 
&ROUTINE ekt 
SETWINDOW maxof 
SETCELL maxof 
&RETURN 
/* 
/*----,-------------------~~--Routine Bailout-------------------- ------w 

/* 
&ROUTINE bailout 
&SEVERITY &ERROR &IGNORE 
&CALL exit 
&RETURN &ERROR Bailing out of nmodel.aml 
/* End of AML 

. . 



APPENDIX V. Arc Macro Language (AML) script 2 

::N nmodel-rl.aml 

/*p--- ----------------------------purpose-------------------------------- 
/* 
/* This AML creates a revised set of seasonal excess N grids 
/* by summing the seasonal grids for each parameter. 
/* 
/*A------------------------------Arguments------------------------------- 
/*G ---------------------------Global Variables--------------------------- 
/*L-- -------------------------Local Variables--------~------------------- 
/* 
/* season = season being considered 
/* sname = first three letters of %season% 
/* I 
/*I-----------------Input/Output Files, Coverages, etc.------------------ 

/* 

/* Requires individual grids for each model parameter (i.e., atmospheric 
/* deposition, fertilizer, mineralization, uptake, and denitrification). 
/* Assumes that there is a "boundary" coverage in the /usr5/neuse workspace. 
/* Creates two grids for each season. 
/* 
/*R----Other AML programs, Menus, or Programs Run by this AML program---i 
/*B---Other Am1 programs, Menus, or Programs that run this AML program--- 
/*0--------------------- Operating System dependencies----------------:--- 
/* 
/* Must be run from within ARC GRID. Developed with Arc/Info 7.2.1 on 
/* a Sun Ultra 5 running Solaris.. 
/* 

'/*H- ------------------------------History-------------------------------- 

/* Original coding by: 
/* Tom L. Ashwood 
/* Environmental Sciences Division 
/* Oak Ridge National Laboratory 
/* P.O. Box 2008 
/* Oak Ridge, TN 37831-6036 
::E_Version 0, August 2000 

----================================================================ 
/* 
&SEVERITY &ERROR &ROUTINE bailout 
/* 
/* Setup the basic GRID environment 
/* , 
SETWINDOW /usr5/neuse/boundary /* Make sure window is set within Neuse 
boundary 
SETCELL 15 /* Uses 15-m pixels. 
/* 
/* Seasonal do loop 
/* 
&DO season &LIST spring summer fall winter 

&SETVAR sname = [SUBSTR %season% 1 31 
/* %season%rl = 225 + /usr5/neuse/nmodel/fer%sname%grd + min%sname%grdl w 
/* - /usr5/neuse/nmodel/den%sname%grd - /usr5/neuse/nmodel/upt%sname%grd 

IF(%season%rl It -225) %season%rlgrd = 3 
ELSE IF(%season%rl gt 225) %season%rlgrd = 2 
ELSE %season%rlgrd = 3 
ENDIF 



&END 
&CALL exit 
&RETURN 
/* 
/*-------------------------- ----Routine Exit----- e-_--- ___________-_-_--- 

/* Exit Routine 
/* 
&ROUTINE exit 
&RETURN 
/* 
/*---------------------------- -Routine Bailout-------- ___-__-_- --__--e--G 

/* 
&ROUTINE bailout 
&SEVERITY &ERROR &IGNORE 
&CALL exit 
&RETURN &ERROR Bailing out of nmodel-rl.aml 
/* End of AML 
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