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Executive Summary
Created in 2012 by Public Act 97-060, the Illinois 
Nutrient Research & Education Council (NREC) is 
a public body of the State of Illinois; its makeup is 
an innovative partnership among farm commodity 
organizations, the fertilizer industry, environmental 
groups and scientists, all working together to improve 
Illinois’ food production system and ensuring optimum 
crop yields while protecting natural resources. 

Throughout modern history, Illinois has been a major 
contributor to the world supply of food and feed. It must 
retain that status to help meet the growing demand for 
food as the world population grows to a projected level 
of 9.5 billion by 2050. Use of new practices or products 
to increase crop production must be strategically 
tied to research that minimizes the potential for 
nutrients to be released to the environment. This need 
is clearly documented in the Illinois Nutrient Loss 
Reduction Strategy (INLRS), a publication developed 
by Illinois Environmental Protection Agency and 
Illinois Department of Agriculture with input from a 
variety of stakeholders that have expertise in the area. 
Included in the publication was a report by a science 
advisory team that suggested practices that should 
be considered to reduce phosphorus load by 25% and 
nitrate load by 15% by 2025.

NREC solicited proposals each year beginning in 2013 
and has funded 21 projects that have completed one or 
more years of work through 2015. While priority was 
given to projects with goals to minimize environmental 
impact, optimize harvest yield, and maximize nutrient 
utilization, there were also projects selected to address 
specifi c soil fertility objectives.

Nitrogen and phosphorus are the nutrients of most 
concern to NREC. Both can cause environmental 
problems and fertilizer applications of both are 
required for optimum crop production on nearly 
all soils in Illinois. While nitrogen and phosphorus 
cause some of the same problems in surface water 
supplies, the management necessary to keep them 
from creating the problem is generally quite different.  
Similarly, while both are required for optimum 
production, the management necessary to attain high 
effi ciency of use is quite different. 

Over the fi rst three years of NREC, research scientists 
submitted excellent proposals for projects designed to 
address hypotheses developed from a careful review of 
the literature related to the NREC goals. The proposals 
while unique in themselves combine to provide options 
for farmers to consider when developing or altering 
their nutrient management plan. Individual proposals 
may focus on one or more segments of a nutrient 
management plan, but combined they provide a 
portfolio that follows nutrients from initial application 
on a fi eld, through the crop year, into the postharvest 
period with nutrients remaining in the target fi eld, and 
movement away from the target fi eld in-route to public 
and private water supplies. 

This report is an extraction of information from the 
detailed project reports submitted to NREC by the 
researchers. For ease of reading, the projects are 
grouped into fi ve subject areas; these groupings do not 
refl ect any priority of projects, but rather an attempt to 
allow readers to review and compare like projects. 

The fi ve subject areas selected were; 
1.  Effi ciency of nitrogen utilization as affected by 

rate, timing, and source of N use. 
• Rate of application. Over the past 2 years, 2014 

and 2015, nitrogen rate studies on more than 
83 locations in farmer fi elds and on University 
research farms have shown that, on average, 
use of the MRTN and expected yield multiplied 
by a standard factor have both resulted in 
approximately the same yield. However, the 
MRTN used about 40 lb./ acre less N to attain 
the same yield. Economically there was little 
difference between the two systems, but the 
additional 40 lb. N/acre used would create an 
economical burden with no economic return. In 
other projects, there were examples of where 
MRTN did not work for predicting N rate, but 
under the conditions of the studies, there was 
probably no predictive system that would have 
worked. Conditions where the system did not 
work were excessively wet soils in the spring that 
likely resulted in signifi cant N loss from leaching 
or denitrifi cation and in the other case, under no-
till, the more residue left on the soil surface, the 
greater the yield penalty.
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• Timing of application. Three projects have been 
established to monitor the impact of timing of 
N application to N moving off-site via tile. Since 
samplers and tile were recently installed, it is 
premature to provide data from any of these 
projects.

• Nitrogen source. The effi cacy of urease 
inhibitors being marketed in Illinois is being 
evaluated in Central and Southern Illinois. 
Additional work is needed to identify factors 
that impact the effi cacy of the different urease 
inhibitors. While some of the urease inhibitors 
have shown benefi t, none have consistently stood 
out as the product of choice.

2. Recovery, capture or treatment of N remaining in 
fi eld after harvest. 
• Cover crops. A total of 7 projects have been 

funded by NREC to study cover crops. With these 
projects spanning the length of the state, results 
were varied from location to location. In some 
cases, stand establishment was excellent as 
was growth and development of the cover crop 
with resultant accumulation of residual soil N 
into the cover crop. In other cases, dry soils in 
the fall prevented establishment of viable stands 
and early frost killed the stand before much 
growth had accumulated. In a few cases, stands 
that were established in the fall were diffi cult to 
kill in the spring. Work is underway to identify 
herbicide treatments that will control the cover 
crop in a timely manner in the spring.  

• Bioreactors. One project was initiated in 2015 
with a 3 crop rotation and bioreactors measuring 

N loss under each cropping system. Total N 
loss via tile was the same whether the fi eld was 
planted to corn, soybean, or wheat in the time 
frame from March through December.

3. Treatment of water after it leaves the fi eld. 
• Buffers and created wetlands. Two projects have 

constructed buffers or wetlands between the 
end of the fi eld and the water body that receives 
drainage from the fi eld. These are designed to 
hold the water long enough to allow a portion 
of phosphorus to settle out and for nitrate to be 
converted to NOx. In one of the studies they are 
using plants that are tolerant of standing water 
and also plants that produce crops that are 
useable in the area, but are not competitive with 
locally grown crops. 

4. Education and outreach on nutrient management 
and NREC funded projects.
• Communicating the results of projects funded 

by NREC to end users is readily facilitated by the 
strong agricultural communications network in 
Illinois and by the largest CCA organization of 
any state in the nation.

5. Fertility studies not directly related to water 
quality impacts. 
• Nutrient removal by harvested crops is being 

investigated. Preliminary results indicate that 
the content of P and K in grain may be lower than 
previous estimates.

• Effect of crop rotations on soil chemical, 
physical, and biological properties is being 
investigated.

• Identifying a sales data base of products used 
in a watershed to correlate with practices 
used in the area that could be used to develop 
an educational program that would lower 
environmental risk and/or increase productivity 
of the land.

The full project reports are posted on the NREC web 
site at www.illinoisnrec.org. 
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STUDY AREA:  EFFICIENCY OF NITROGEN UTILIZATION IN THE CROP YEAR; 
STUDYING RATES, TIMING AND SOURCE OF N

Refi ning N Rates and Returns Using On-Farm Strip 
Trial Data 
One of the practices outlined in the ILNLRS is the 
utilization of the Maximum Return to Nitrogen (MRTN) 
in order to reduce loss of N from over application of the 
nitrogen rate.  Therefore, it is vital that NREC ensure 
that the MRTN recommendations for Illinois regions 
and soils be the best recommendation system it can 
be, based upon actual nitrogen response curves from 
on-farm trials.

Since the inception of NREC, farmers, fertilizer dealers 
and University of Illinois personnel have conducted 
on-farm experiments to evaluate the effect of N rate 
on effi ciency of N use by corn.  Special care was taken 
to insure that several of these trials were located 
within the boundaries of priority watersheds.  Priority 
watersheds have been defi ned by Illinois EPA as those 
that contain water bodies that have exceeded or have 
come close to exceeding acceptable water quality 
standards in the past.  

Results obtained from 83 N rate strip trials (29 corn 
following corn and 54 corn following soybean) over the 
2014 and 2015 season have been analyzed and will be 
used to update the Illinois database utilized by the N 
rate calculator (http://extension.agron.iastate.edu/
soilfertility/nrate.aspx) to calculate the N rates needed 
to provide maximum return to N (MRTN) for Illinois 
fi elds (7, 13).  

Following the most recent update after the 2013 
season, the Illinois database includes 614 N rate 
trials:  246 corn following corn and 368 corn following 
soybeans. Some of these data are used for both central 
and northern Illinois where the sites were close to the 
dividing line. Before the 2016 season, data from 2014 
and 2015 trials will be added, and some of the older 
data deleted in order to update the database and the 
MRTN values it calculates. 

While we know that the MRTN seldom predicts the 
exact rate of N necessary to produce the highest return 
to N in an individual fi eld in a given season, it is the 
“best guess” possible due to the fact that it refl ects 

actual yield responses to N in real-fi eld trials in recent 
years.  The MRTN approach has replaced the expected 
yield times a factor (usually 1.2 lb. of fertilizer N per 
bushel of expected yield) that many in the industry 
grew accustomed to, and which typically suggested 
using substantially more N than does the MRTN.  The 
MRTN approach includes adjustments based on corn 
and N prices, and also refl ects the fact that optimum N 
rates in individual trials are usually less than the yield-
goal-based N rate. Even so, 11% of the respondents in 
a recent survey indicated they use the MRTN calculator 
while 48% still use the Yield based system (21).

We used the results from the 83 N rate strip trials to 
see how much optimum N rates differ across years 
and how the MRTN and yield-goal-based approaches 
compare to one another (Table 1).  In both years, 
especially in 2015, corn was affected by wet spring 
weather that both increased optimum N rates above 
those we have often seen in previous work, and in 
some cases lowered yields. Yield goal was set at 90% 
of actual optimum yield if actual yield was above 200 
bushels per acre, and it was set equal to actual yield 
for yields less than 200. Yield goal was taken times 1.2, 
and 40 lb. N (the “N credit”) was subtracted for corn 
following soybeans. The MRTN is represented in these 
trials by the average of the economically optimum N 
rate (EONR); optimum N rates are calculated for each 
trial, values are averaged over the trials. The return 
to N is calculated as the yield at the optimum N rate 
times` the price of corn ($3.75/bu) minus the optimum 
N rate times the price of N ($0.375/lb.). MRTN values 
are from the N rate calculator using these same prices. 
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For corn following soybeans, average EONR values 
were 181 and 194 in 2014 and 2015, respectively, while 
yields at the EONR averaged 215 and 211, respectively 
(Table 1). The MRTN was only about 167 lb. /acre both 
years, and yields at the MRTN averaged 5 and 10 bu/
acre less than at the EONR in the two years. Both of 
these show the effects of the wet conditions in 2015, 
when yields were a little lower and N rates higher than 
normal. The yield-goal-based N rate produced yields 
midway between the EONR and MRTN, but this N rate 

averaged 30 to 40 lb. /acre more than the MRTN, and 
10 to 20 lb. more than the EONR. In the important 
measure of return to N, which EONR maximizes, the 
MRTN and yield-goal-based systems showed virtually 
identical numbers, within $1/acre of one another. Both 
returned about $20/acre less than the EONR. 

Importantly, the 30 to 40 lb. more N used in the YG-
based method provided no additional return, and would 
have been an environmental burden with no economic 
benefi t. That the EONR values are for higher N rates 
than the (current) MRTN means that adding them into 
the database will have the effect of raising MRTN N 
rates some, depending on what data are deleted when 
the database is revised. 

While MRTN has worked well, there are examples 
from other NREC projects that demonstrate 
situations where MRTN did not work well.  If 
environmental conditions are far from the norm, most 
recommendation systems will likely fail in estimating 
N needed.  Such was the case in a Southern Illinois 
fi eld trial, where the response to N rate over the 
range from 0 to 200lb N per acre was linear in 2015 
(21) (Fig. 1), likely due to the excessively wet soils 
in the spring of 2015 which caused denitrifi cation.  
In another project, designed to study the impact of 
tillage and residue cover on N rate, both of the factors 
studied impacted response to N, but the shape of the 

response curves remained curvilinear (10) (Fig 2). 
At Monmouth, neither tillage nor residue remaining 
on soil surface impacted response to applied N.  At 
Urbana, neither tillage nor residue remaining on soil 
surface impacted N response, but no-till tended to 
yield less than conventional till and the higher the 
residue level remaining at the soil surface, the greater 
the yield penalty.  The responses at Perry in 2015 were 
normal for tilled treatments and for no-till with all 
residue removed, but yield dropped sharply under no-
till as the amount of residue left in the plots increased; 
compared to tilled plots at the same residue level.

Table 1. Average N rates, yields at those rates, and return to N at optimum N rates by previous 
crop over a total of 83 on-farm strip trials conducted in Illinois in 2015 and 2014. SC = corn 
following soybean and CC = corn following corn.

Previous crop-year

  SC-2014 SC-2015 CC-2014 CC-2015

No. of trials 18 35 13 15

Econ opt N rate, lb./ac 181 194 128 217

Yield at EONR, bu/ac 215 221 173 197

MRTN N rate, lb./ac 166 167 197 198

Yield at MRTN, bu/ac 210 211 174 190

Yield-goal N rate, lb./ac 200 206 208 227

Yield at YG N rate, bu/ac 213 216 174 194

Return to N at:  $/ac    

   EONR 345 389 263 378

   MRTN NR 331 364 241 361

   YGB NR 330 369 236 365

Yield at 
Optimum 

N Rate x Price of 
Corn 

($3.75/bu) x- Optimum 
N Rate

Price of 
N 

($0.375/lb.)

Calculating Return to N
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Timing of N application
The ILNLRS estimates that spring application of all N 
on tile drained fi elds could reduce nitrate-N loss by up 
to 6% and that shifting to split application of all N to 
spring and side-dress combinations could reduce loss 
by another 6%. Three NREC projects (17, 20, and 26) are 
studying the impact of the timing of N application on the 

amount of N lost. At two of these sites, tile lines have 
been installed to accommodate drainage from individual 
plots to allow the researchers to apply treatments and 
know that drainage from any one tile is coming from a 
particular treatment. In these facilities, each tile line 
has an individual sampler that minimizes contamination 
from other treatments. 
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Figure 1. Nitrogen rate response curve and form/timing yield response for the Belleville 
Research Center, Belleville, IL.

Figure 2. Response of continuous corn (continuous since 2005) to residue removal (all, part, or 
none) and tillage (CT = tilled; NT = no-till) and N rate at Orr Center (Perry) in 2015.
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Only one of the sites was operational for the 2015 crop 
year. At that location, the nitrate-N load over the time 
period from March through December fl owing from 
fall treated plots was 58 lb. N/acre compared to 48 lb./
acre from tile associated with spring applied N. Over 

that same time period, the nitrate-N load from the tile 
lines untreated with N were 53 lb N/acre. However, the 
fl ow weighted concentration analysis show the following 
trend Fall (5.3 mg/L)> Spring (4.9 mg/L) > Untreated N 
plot (3.8)
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Figure 3. 2015 cumulative nitrate N load for spring applied N, fall applied N, and zero control 
(untreated with N).

Nitrogen Source
In recent years, some producers have become 
interested in using split application of N with the 
majority going on pre-plant and the remainder side-
dressed at growth stage V10. In some years, spring 
and early summer rains delay N application until 
growth stages V10 or later, prompting producers to 
wonder which of the urea additives was of greatest 
effectiveness.  Since nearly all the side-dressed N 
will be as urea or UAN, the additives will be limited to 
those that minimize urea volatility.  An NREC project 
(20) conducted at 3 locations in Southern Illinois has 
included slow-release ESN at planting and urease 
inhibitors (Agrotain and Limus), in the late (V10) 
application treatments.  Although inconsistent across 
locations, each of the inhibitors showed benefi t in at 
least one of the locations. 

Nearly all of the NREC funded research has been 
designed to evaluate the impact of various factors on 
N loss to waters of Illinois. In some cases, decreasing 
N loss to water may result in increasing N loss to 
the atmosphere in the form of N2O, an important 

greenhouse gas. An experiment has been established 
to measure the impact of tillage, residue, and N 
management practices on soil greenhouse gas 
emissions while maintain or improving yield (35). After 
one year of data collection, preliminary results suggest 
that enhanced effi ciency N sources do not lead to 
clear reductions in N2O emissions, or increase yield, 
relative to anhydrous ammonia applied at planting. 
In fact, one enhanced effi ciency treatment (injected 
UAN + Instinct) increased N2O and yield-scaled N2O 
emissions relative to the other N sources. For tillage 
and residue removal practices, the dominant system of 
conventional tillage with residue incorporation resulted 
in low N2O and yield-scaled N2O emissions compared 
to conventional tillage with residue removal, yet the 
latter resulted in the highest yields in 2015. On a yield-
scaled basis (emissions per unit yield), N2O emissions 
were signifi cantly higher when residues were removed 
compared to the common practice of conventional 
tillage with residue retained, suggesting a balance 
between optimum yields and low yield-scaled N2O 
losses may be diffi cult to achieve. 
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Cover Crops
A cover crop is a crop planted primarily to manage 
soil erosion, but they are also known to scavenge 
nutrients remaining in the soil and recycle them for 
use in subsequent crops. The ILNLRS suggests that 
cover crops could be one of the most effective tools 
to use in reducing nitrogen and phosphorus loss from 
Illinois soils, reaching levels of 25-30% reduction for 
both N and P. To confi rm these estimates, and more 
importantly, to identify factors that enhanced the 
potential for establishment and maintenance of cover 
crops through the winter season, a total of 7 NREC 
projects were established. 
Important—yet preliminary—results indicate that there 
exists a substantial amount of nitrate in the fi eld during 
the fall and spring seasons with substantial variation 
between years, in particular following the corn crop (5). 
The overall profi les of soil nitrate are strikingly similar 
for bare fallows and cover crop rotations (Figure 4). Yet 
the rotations including cereal rye seemed to do better 
at reducing soil nitrates particularly in the spring and 
fall of 2013. 

Fall of 2014 and 2015 were conducive to establishment 
of cover crops at nearly all locations. However, the 
warmer than average winter in 2015 resulted in 
substantially more biomass and N uptake in fall 2015 
than 2014 (26). In a paired watershed cover crop 
study (22), preliminary results have shown biomass 

production from cover crops 
across the watershed of 390lb/
acre with an accumulation of 
16-lb. N/acre. This number is 
consistent with the reduction in 
loss measured at the tile (14-lb. 
N/acre). This compares to 682 lb. 
biomass/acre and 31 lb. N/acre 
with soybean stubble and 14 lb. 
biomass with corn residue. The 
other cover crop projects are just 
beginning to gather data, so no 
results are available. 

STUDY AREA:  RECOVERY, CAPTURE OR TREATMENT OF NITROGEN REMAINING 
IN THE FIELD AFTER HARVEST

Figure 4. Soil nitrate levels following corn as affected by cover crops at each sampling 
time and averaged across the entire depth. 
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Bioreactors

NREC provided funding for a project designed to 
evaluate the impact of a 3-crop rotation of corn, 
soybean, and wheat on a Central Illinois farm. The IL 
NLRS estimates that bioreactors placed on 50% of 
tile drained land may reduce nitrogen losses by 25%.  
Included in the study are bioreactors placed at the 
end of the tile of each of three fi elds in the rotation 
study. A bioreactor is a structure that is fi lled with 
carbonaceous material (in this case wood chips) that 
will serve as an energy source for microorganisms. 
As nitrate laden water passes through the bioreactor, 
organisms will reduce nitrate to NOx compounds 
(mostly N2) that will be released to the air instead of 
being transported into surface water bodies in Illinois. 
NRCS inspected and approved the bioreactors in 
June and only one month of data was collected before 
tile fl ow stopped at the end of July. Preliminary data 
showed high removal rates during this time.

The project (13) was initiated in 2014-2015 crop year.  
Total N lost from the three fi elds with different crops 
was similar over the period from March through 
December. However, the time of loss and/or the 
concentration of nitrate were different over that time 
period. Owing to the consumption of water by the 
wheat crop in May and June, total N loss during that 
time period was far less than for either the corn or 
soybean fi elds. After wheat senescence, water fl ow 
from the tile line picked up, with the result being a 
total N loss comparable to that from corn or beans. 
Soybean, while having the lowest concentration of 
nitrate, had the highest volume of water moving 
through the tile line with the result being similar N loss 
from the three fi elds. 

Buffers and Created Wetlands

Buffers and created wetlands are landscape structures 
engineered and built in the terrain between the end 
of tile line and water body that receives drainage from 
the fi eld in question. Both are designed to retain water 
from the tile line and/or water from fi eld runoff for a 

long enough time period to allow sediment associated 
phosphorus to settle out of the water and/or nitrate 
to remain long enough in the saturated conditions to 
allow the microorganisms to denitrify nitrates to N2 or 
NOx compounds.  The INLRS estimates that wetlands 
can remove 40% of nitrogen from tile drainage and 
buffers can reduce losses by 90% of nitrates from 
surface water runoff of nitrogen. 

Two independent, but somewhat related NREC funded 
projects, are evaluating the impact of buffers/created 
wetlands that are in operation. The fi rst of these 
projects (8) is designed to utilize marginal land for the 
buffer and to produce products that are marketable 
within the area but are not competitive with the major 
crops (i.e. corn and soybean). These alternative crops 
include forages, bioenergy crops, and small shrubs 
that will withstand excessive water expected to be in 
the wetland. The land selected for this project is by 
most standards marginal land for crop production due 
to its frequent fl ooding. In the summer of 2015, the 
extended period of fl ooding at one location destroyed 
the entire soybean plots, while the water-tolerant 
shrubs thrived despite complete submersion. 

STUDY AREA: TREATMENT OF WATER MOVING FROM THE FIELD BEFORE 
REACHING WATER BODY THAT RECEIVES WATER FROM THE FIELD
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The other created wetlands project is being conducted 
in Bureau County (37). These constructed wetlands, 
a Farm Bill practice, are sited to intercept drain tiles 
before they enter a stream/drainage way and are 
designed to minimize the amount of quality farmland 
taken out of production. One such wetland was created 
in August 2015 and will be fully operational with 
native vegetation this summer. Preliminary winter 
grab sample results have shown the effl uent nitrate-
nitrogen concentrations (less than 2 mg/L) to be much 

lower than the infl uent concentrations (6–9 mg/L) with 
a slight decrease in total P attributed to the wetland. 
Automated sampling equipment was installed to 
capture the subsurface runoff starting in the spring, 
so a robust nutrient dataset will be generated by the 
end of the 2016 growing season. Soil particle tracking 
within the wetland has started and will begin in the 
surrounding fi lter strip buffer areas once the winter-
seeded native vegetation cover has taken root.

STUDY AREA:  EDUCATION AND OUTREACH ON NUTRIENT MANAGEMENT AND 
NREC FUNDED PROJECTS
To insure that the results of the research funded by 
NREC are available to farmers and their advisers, 
it must be packaged for delivery via the printed and 
electronic media as well as presented in workshops 
or regional meetings.  The INLRS is highly supportive 
of the Ag industry working to communicate the details 
and goals of the nutrient loss reduction targets, and 
practices that can reduce nutrient losses when applied 
in the crop fi elds.  

NREC is able to capitalize on the long history of a 
strong agricultural communications network that 
includes the Illinois Farm Bureau, commodity groups 
dedicated to educating their constituents, and the 
dedication of fertilizer, chemical, and seed industry 
organizations and professionals to focus their 
efforts on marketing of science based programs and 
practices. Combined with the efforts of the largest CCA 

organization of any other state, it is easy to fi nd ways to 
disseminate new information and to have it magnifi ed 
many times over by these groups.  

The Illinois Certifi ed Crop Adviser Program and 
the Illinois Fertilizer & Chemical Association (15) 
joined forces to launch new programs that provide 
newsletters, webinars and group meetings with 
advisers and their farmer customers focused on new 
information generated by NREC funded research 
projects.  For information on how the IL CCA program 
and IFCA reach their members with this information, 
visit www.ifca.com, www.Keepit4RCrop.org and www.
illinoiscca.com.

The fi rst publication generated by an NREC grant was 
posted on NREC web site in PDF format and printed 
in February of 2016 (1).  Developed for lawn care 
professionals, the publication Nutrient Management 
Practices for Illinois Lawn Care Professionals authored 
by two of the leading experts in turf management Dr. 
David Kopsell, Illinois State University and Dr. Tom 
Voigt, University of Illinois will be a resource for home 
owners and commercial property owners as well.    

With funding from NREC, the Council for Best 
Management Practices (CBMP) (2) has focused their 
effort on training programs including demonstration 
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trials for cover crops.  They have also added herbicide 
residual trials to help inform and improve cover crop 
management.  Finally, CBMP partnered with NREC to 
host a NLRS roadshow across the state where timely 

information was presented on the status of INRLS, 
feedback was collected on the types of projects being 
funded by NREC, and a foundation was laid for continued 
communications with farmer stakeholders.

STUDY AREA:  FERTILITY STUDIES, NOT DIRECTLY RELATED TO WATER 
QUALITY IMPACTS

The values for amount of P and K removed in grain 
were generated over 40 years ago.  An NREC (6) study 
has collected over 1300 corn and 1700 bean samples 
to reaffi rm or reestablish P and K removal levels.  
Preliminary data indicate that the current removal 
levels are lower than the benchmark values currently 
being used.

The existence of a long term crop rotation study at 5 
locations provided the opportunity to evaluate the 
effect of rotation on soil physical, chemical, and/
or biological properties (9).  Soil analysis is nearing 
completion, but considerable work is needed to 
complete the statistical analysis.

Identifying a process that could mirror with reasonable 
accuracy practices being used in the watershed would 
be of great value for the development of educational 
programs to assist farmers to understand what 
is needed to be done in the watershed to lower 
environmental risk and/or to increase productivity from 
their land.  Work is underway to collect survey data from 
farmers in a particular watershed, that could serve as 
a basis against which a computer program could be 
tested (21).  
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