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The utilization of edge-of-field monitoring
of agricultural runoff in addressing
nonpoint source pollution
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Abstract: While basin-scale studies and modeling are important tools in relating land uses to
water quality concerns, edge-of-field monitoring (EOFM) provides the necessary resolution to
spatially target, design, and evaluate in-field conservation practices for reducing nonpoint source
pollution from agriculture. This paper introduces this special issue of the Journal of Soil and Water
Conservation, a collection that provides an overview of EOFM on agricultural lands. The issue
describes the transition of EOFM from a mainly research endeavor to on-farm monitoring of
the environmental impact and performance of agricultural practices and addresses topics such as
(1) disconnect between large-scale loading estimates and the prevalence of sound nutrient man-
agement practices; (2) obstacles in identifying the causes, sources, and solutions to agricultural
nonpoint source pollution; (3) progress evaluation at the watershed scale; (4) need for additional
multiscale studies to better understand the fate and transport continuum and establish linkages
between EOFM and in-stream water quality; (5) history of EOFM and recent advances; and (6)
alternative methods to determine whether EOF results are acceptable. The increased attention
on agricultural runoff has concurrently raised awareness of the need for EOFM. It is at the
field scale that data are needed to better understand the fate of sediment and applied nutrients
and inform adaptive management to mitigate offsite losses. This special issue compiles the latest
scientific information related to utilizing EOFM to evaluate and address agricultural nonpoint
sources, and provides a glimpse of EOFM in the future.

Key words: agricultural management—conservation assessment—monitoring—nutrient
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Nutrient enrichment continues to be a
major impairment to the designated uses
of fresh and coastal waters of the United
States (Schindler et al. 2008; Milachak et
al. 2013; Kleinman et al. 2015). Prominent
water quality issues, such as harmful algae
blooms in Lake Erie (NOAA 2017a) and
a large hypoxic zone in the northern Gulf
of Mexico (NOAA 2017b), have prompted
unparalleled activity in developing action
plans to correct these issues (Mississippi
River/Gulf of Mexico Watershed Nutrient
Task Force 2008; Great Lakes Interagency
Task Force 2017). These plans have included
modeling efforts and basin-scale studies to
geographically identify the source, as well
as estimate the relative nutrient loading, as
a foundation for setting reduction goals and
developing corrective actions (Alexander et
al. 2008; White et al. 2014; Tomer 2018).
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For instance, the 2008 action plan for
the Gulf of Mexico set an interim nutrient
reduction goal of 20% by 2025. In this issue,
Baker et al. (2018) provide an overview of
that action plan. The 2011 to 2014 plan for
the Great Lakes was recently presented to
Congress and contains detailed action items
and performance measures. Several papers in
this issue provide information on the Great
Lakes, and specifically, on Lake Erie (Kalcic et
al. 2018; King et al. 2018; Smith et al. 2018).
While there are many sources of nutrients,
studies commissioned with these action plans
have estimated that agriculture, in particular
intensive livestock and crop production, is a
major contributor of nutrients to both the
Great Lakes and Gulf of Mexico.

Recent model estimates from the Spatially
Referenced Regressions on Watershed attri-
butes model (SPARROW) suggest that up

to 85% of the phosphorus (P) and nitrogen
(N) entering the Gulf of Mexico originates
from agriculture (Alexander et al. 2008).
Modeling results from White et al. (2014)
also indicate that cultivated agriculture was
the largest source of nutrients to the Gulf
but that point sources contributed substantial
P loading. Robertson and Saad (2011) used
SPARROW to estimate that 58% of the N
and 33% to 44% of P delivered to Lake Erie
originates from agriculture, and that 26% of
the total nutrient load originates from crop
land receiving inorganic fertilizer.

Others have used historical tributary
stream and lake water quality monitoring
data coupled with stream flow approxima-
tions to systematically estimate nutrient
loadings from the upper reaches of trib-
utaries to the lakes. Smith et al. (2018)
reviewed literature on potential sources of
nutrients in the Maumee River in the west-
ern Lake Erie Basin, including papers from
Maccoux et al. (2016) that found 71% of P
loading to Lake Erie originated from non-
point sources. Scavia et al. (2016) estimated
that the Maumee River, whose watershed’s
land use is largely row crop agriculture,
transported an estimated 85% of the P
transported into Lake Erie. While these
modeling efforts and nutrient loading esti-
mates provide a directionally correct step in
identifying potential nutrient sources and
subwatersheds posing the greatest concern,
they fall short in spatially pinpointing the
source at a scale that agriculture can address.
The models also provide insight to the most
effective corrective actions but often do not
identify definitive answers as to which prac-
tices implemented in which locations will
produce the desired results.

Effectively minimizing nutrient loss from
agricultural landscapes requires (1) iden-
tification of nutrient source locations; (2)
estimation of nutrient loss amounts and tim-
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ing from a field to receiving water body; (3)
determination of what conservation prac-
tices (CPs) are effective and practical; and (4)
monitoring to quantify CP eftectiveness, so
that adaptive management can account for
the dynamic nature of living ecosystems.

Edge-of-field monitoring (EOFM) of
runoff from individual agricultural fields
has been identified as critical to improve
our understanding of the fate and trans-
port of nutrients applied as animal manures
and fertilizer to agricultural lands along the
complex watershed continuum (Reba et
al. 2013; Harmel et al. 2016; Sharpley et al.
2016b).This understanding will lead to more
effective reduction strategies by allowing
remedial measures to be implemented in a
more spatially explicit manner to meet local
hydrologic and crop production conditions.

This introductory paper provides an
overview of EOFM and the latest scientific
information derived from EOFM, as well as
the transition from research to more routine
monitoring of environmental impact and
performance of agricultural practices. The
paper also provides a roadmap to the articles
in this special issue dedicated to EOFM.

Role of Edge-of-Field Monitoring
in Estimating Field-Scale Nutrient
Contribution to Downstream Waters
Nutrient load estimates based on basin-scale
modeling or hydrological estimation tech-
niques that endeavor to relate ambient water
quality data to spatially explicit land uses can
have significant uncertainty. Edge-of-field run-
oft studies of P and N loss from agricultural
production systems in the Mississippi River
Basin (Kroger et al. 2012) and the Great Lakes
region have produced more than 700 site years
of data according to Harmel et al. (2016).
However, broad-scale estimates for the most
part have provided the foundation for develop-
ing nutrient reduction goals and strategies at a
basin or watershed scale (Tomer 2018).

The modeling and methodology described
above have similar traits as they both rely
on in-stream or in-lake water quality sam-
pling of nutrients. In a sense, they backtrack
from the observed in-waterbody nutrient
concentrations by systematically tracing
nutrient paths from upstream tributaries
and their watersheds using either modeling
or hydrological load estimates. While these
techniques can target subwatersheds of
concern, they do not necessarily define the
actual source, only the general location.

JAN/FEB 2018—VOL. 73, NO. 1

For example, the SPARROW model uses
empirical regression techniques, and other
models use generalized relations, to relate
land use and management to downstream
water quality; however, temporal and spatial
variability in factors such as land use/man-
agement, topography, and hydrology create a
high degree of uncertainty in model predic-
tions (Shirmohammadi et al. 2006; Harmel
et al. 2010). Decisions and strategies based on
modeling results often overlook the uncer-
tainty because few options are available to
effectively address it, although this is chang-
ing (Harmel et al. 2014).

Estimating nutrient loads by combining
in-waterbody nutrient concentrations with
flow estimates can also help trace back to a
subwatershed of concern but provide little
insight into the actual source. Often spa-
tially explicit land use and land cover data
within a watershed is empirically regressed
with in-waterbody flow-weighted nutrient
concentrations to define a category of source
such as urban, agriculture, or point sources
(Haggard 2010;Veith et al. 2015). Kalcic et al.
(2018) provide an excellent synthesis of the
limitations of watershed models such as the
Soil and Water Assessment Tool (SWAT) and
Agricultural Policy Environmental EXtender
(APEX), which attempt to relate land use to
EOF water quality.

Kalcic et al. (2018) also point out that dif-
ferences in geographical scale in defining a
water quality issue, and the scale at which the
solution should be applied or defined, can
create disconnects in determining progress
toward a stated goal. Agricultural produc-
ers often focus on the field or farm scale
where they make management decisions. In
contrast, agency personnel focus on larger
watersheds and/or multiple watershed scales,
and often policy makers focus on political
rather than hydrological boundaries.

Kalcic et al. (2018) also provide fur-
ther information on the issue of scale and
cite a study reviewing the USDA-funded
Conservation Effects Assessment Project
(CEAP), which sought to detect water qual-
ity improvements from conservation actions
in over a dozen watersheds across the United
States (Tomer and Locke 2011; Osmond et
al. 2012). This work highlighted the diffi-
culty in applying field-scale solutions across
a watershed and most importantly, reliably
monitoring performance at a watershed
scale. Issues such as the lag times between
implementation of conservation actions

and response of environmental indicators in
streams often mask any immediate gain in
reduction and may take years of in-waterbody
monitoring to detect improvement (Sharpley
et al. 2009). For example, in-stream concen-
trations of P can be influenced for years by
preexisting P, or legacy P, which can also mask
the effectiveness of CPs at the watershed scale
(Sharpley et al. 2013).

Baker et al. (2018) monitored paired
watersheds to investigate the effect of
CPs but found that the variability in sedi-
ment and nutrient data limited the ability
to determine performance. They felt an
improvement in design that would utilize
EOFM was needed to isolate sediment and
nutrient load data from specific land use areas
and account for nutrient application data
specific to the aforementioned land use areas.
Having information from both the EOF and
small watershed scale would enable determi-
nation of field-scale nutrient and sediment
mass balances, allowing a more accurate
estimation of nutrient retention by CPs and
nutrient loss to downstream waters (Baker et
al. 2018). Further, Tomer (2018) suggests a
“twice-paired” watershed experiment design
to measure the benefits of combined CPs for
water quality improvement. Here, a pair of
EOF practices (e.g., denitrifying bioreactors,
buffer strips) would be installed below two
similarly managed fields and monitored for a
few years. Inflow and outflow data provides a
calibration of the hydrology and water qual-
ity between the two fields and EOF practices.
After this calibration period, an in-field CP is
installed on one of the two fields and moni-
toring continued (Tomer 2018).

Modeling and hydrological source tracking
can provide guidance on general geographi-
cal location and on the potential source, but
it may not identify the corrective actions to
reduce the source at a particular location,
except with educated, sophisticated guesses
(Sharpley et al. 2010). Yet, due to the lack
of data and understanding of how nutrients
move from agricultural landscapes, nutrient
reduction strategies often assume the correc-
tive action matches the particular agricultural
field. In addition, in many cases, the remedial
strategies are based on a few key corrective
actions, which are blanketed across agricul-
tural landscapes, in hopes they specifically
address the targeted source on enough acres
to obtain a substantial nutrient load reduction.

To summarize, identifying sources with
models and other techniques at one scale,
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but implementing solutions at another and
then monitoring progress at another scale,
creates a disconnect (Sharpley et al. 2016b).
This disconnect between on-the-ground
corrective action at a limited number of land
uses or managed field units and monitor-
ing of performance measures at a watershed
scale, must clearly be addressed. For example,
Smith et al. (2018) reviewed studies that sug-
gested the predominant land use, agriculture,
in the Maumee River watershed is a major
contributor of P to western Lake Erie. They
reviewed survey results of row crop farmers
in the Maumee River watershed and found
many farmers use science-based nutrient
management recommendations with regard
to soil testing as a guide for P fertilizer appli-
cations. Their results showed that in over
90% of the fields surveyed, P fertilizer appli-
cations either met or were below fertilizer
recommendations from soil testing (Smith
et al. 2018). Ultimately, the survey indi-
cated that many producers had voluntarily
implemented, at some level, scientifically
appropriate P management practices, yet the
anticipated benefits have yet to be realized.
Thus, faced with these challenges, how do
we appropriately use modeling and monitor-
ing and at what scale to address the problem
of excess nutrient loading? Both of these tools
are necessary, since neither provides all the
information needed to address the problem
(table 1). Stakeholders typically place more
trust in measured data; however, there are

never enough data because data are expensive
and time-consuming to collect and because
they cannot cover all spatial and temporal
scales and hydroclimatic conditions. Models
are less expensive and produce more rapid
estimates, but they also rely on measured data
to provide confidence in predictions. Models
are also the only tools capable of simulat-
ing alternative practices, spatial relationships,
conditions, and future
To address the problem of excess nutrient
loading requires determining the important
sources, and their relative contributions, the
CPs to implement, where to install CPs, and
post-implementation effectiveness of CPs.

various scenarios.

Utilizing Edge-of-Field Monitoring to
Evaluate and Address Agricultural Sources
Edge-of-field monitoring facilitates (1)
quantification of nutrient and sediment losses
from individual management units such as
fields; (2) testing of CP efficacy for a given
set of conditions; (3) better understanding of
the complex, biological, chemical, and phys-
ical relationships that determine the fate of
sediment and nutrients applied as fertilizer;
(4) more robust models at the field scale that
can be linked to larger regional models; and
most importantly, (5) involvement of pro-
ducers in solution development.

‘Within the last decade, EOFM has moved
from mostly research applications to routine
adoption for education and performance
assessment of environmental indicators on

real, working farms. Research scientists have
been conducting EOFM for decades, but
advances in automated sampling technology
have made it more practical for routine mon-
itoring as described by Harmel et al. (2018a).
The USDA’s Agricultural Research Service
has been a leader in conducting EOFM
research in Ohio, Iowa, Texas, Missouri, and
other states. For instance, King et al. (2018)
utilized a network of 40 EOF sites to evalu-
ate the 4Rs of fertilizer management (“right
source, right rate, right time, and right
place”) that are being promoted by the fer-
tilizer industry to address nutrient loss from
agricultural fields (Nutrient Stewardship
2017). The results highlight the importance
of understanding field hydrology on surface
and subsurface P transport. The authors also
point out that the effectiveness of the nutri-
ent management practices will likely vary
across fields with different characteristics.
The nutrient runoft effectiveness of CPs on
private farms in Arkansas is being evaluated
by the Arkansas Discovery Farm Program
(Sharpley et al. 2015, 2016a; University of
Arkansas Division of Agriculture 2017).
Monitoring nutrient inflow and outflow
into and out of a 300 m grassed waterway
(Natural Resources Conservation Service
[NRCS] CP 412) between 2013 and 2016
demonstrated its effectiveness in decreasing
N and P runoft around poultry production
facilities (figure 1a). For 2013, 2014, and
2015, the grassed waterway decreased run-

Table 1

Role of edge-of-field (EOF) monitoring and modeling tools in addressing nitrogen (N) and phosphorus (P) loading to downstream waters.

Step

Tools

Determine sources

Estimate source contribution

* Gather site-specific measured data at the field, farm, and watershed scale.
Use model to determine sources in absence of measured data (best professional judgement and
stakeholder input can be valuable as well).

Use measured EOF runoff data to estimate field-scale N and P losses. In the absence of site-specific
data for agricultural (cultivated and pasture/range), forest, and drainage contributions, see the MANAGE data-
base (Harmel et al. 2008, 2016).

Use end-of-pipe data for point sources.
Use measured in-stream data and models to estimate fate and transport.

Determine type(s) and location(s) of
conservation practices (CPs)

Evaluate effectiveness

If necessary conduct research

use additional CPs

Use measured EOF and small watershed data and models to optimize practice type and location on fields,
farms, and small watersheds with the largest loading and/or where the practice(s) will be more effective.

¢ Use measured EOF and downstream data and multiyear time frame to assess effectiveness, if adequate
funding is available.
Use model if a more rapid estimate is required or in the absence of funding for monitoring.

Use field or laboratory studies to improve models and better understand processes.

Determine whether additional CPs are needed based on monitoring data, improved scientific understanding,
and refined model predictions.
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Figure 1

(a) Effectiveness of grassed waterway to decrease runoff, nitrogen (N), and phosphorus (P) loss
from poultry operations and (b) percentage of applied N and P in edge-of-field runoff under cot-
ton-corn rotation (adapted from Sharpley et al. [2015]).
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oft by over 50% (i.e., the difference between
inflow and outflow volumes). In 2016, fewer,
more intense rainfalls occurred (8 runoft
events averaging 42.6 mm) than in 2013
(16 runoff events averaging 35.7 mm), 2014
(13 runoff events averaging 36.1 mm), and
2015 (19 runoft events averaging 33.7 mm),
which exceeded the ability of the grassed
waterway to mitigate runoff volumes. In fact,
2016 runoft increased between upstream and
downstream sites (figure 1a). A similar trend
of decreasing total N (66% to 76%) and total
P (42% to 65%) runoft was found for 2013
to 2015 (figure 1a). In 2016, the grassed filter
strip was a slight source of total N (figure 1a).

The other example of CP effectiveness
demonstrated by the Arkansas Discovery
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Farm Program is the use of cover crops
(NRCS CP 340) on cotton (Gossypium
hirsutum L.)—corn (Zea mays L.) rotations
(Sharpley et al. 2015, 2016a). The loss of
total N applied as fertilizer to these fields
decreased from 7.6% (2013) to 0.7% (2016)
and for P from 4.3% to 1.3%, respectively
(figure 1b). These trends demonstrate
another important consideration in the CP
effectiveness and EOF losses, in that most
structural and source-mediated CPs take
time to achieve maximum reduction poten-
tials. Clearly, these CPs can decrease nutrient
runoff, but under high, intense rainfalls,
their eftectiveness is diminished. Aryal et
al. (2018) also evaluated the eftectiveness of’
cover crops in reducing nutrients and sed-

iment losses and changes in runoft water
quality from irrigation tailwater and rain-
fall runoff in an EOFM project with two
paired, field-scale sites in Arkansas. Winter
cover crops effectively reduced nitrate-IN
(NO,-N) concentrations by 86% and phos-
phate-P (PO ,-P) by 53% at one site, but
the other site yielded similar nutrient run-
off with and without cover crops. Nutrient
and sediment losses were generally higher
during the nongrowing season (November
to April) than during growing season (May
to October), which indicates the importance
of CPS to nutrient and sediment losses in
the winter. The authors also determined that
runoft water quality generated by irrigation
was not different from rainfall runoff.

Incorporating Edge-of-Field Monitoring
in Educational and Financial Assistance
Programs
Land grant universities have been conduct-
ing EOFM for research and assessment, but
during the last decade or so have developed
programs to extend EOFM to real, working
farms for outreach and education. A notable
example is the Discovery Farm Program,
which originated in Wisconsin (University
of Wisconsin Extension 2017), but pro-
grams have spread to others states, such as
Minnesota (Minnesota Agricultural Water
Resources Center 2017), North Dakota
(North Dakota State University 2017), and
Arkansas (University of Arkansas Division
of Agriculture 2017). While EOFM is at the
core of data collection, the real power of this
program is providing farmers opportunities
for leadership in addressing water quality
issues. For example, Discovery farmers can
make decisions based on real data and find
solutions that meet their conditions on their
farm and for their situation. More impor-
tantly, it empowers farmers to educate other
farmers, which brings awareness, credibil-
ity, and new solutions. Other programs that
utilize EOFM and farmer educational net-
works include Mississippi State’s Research
and Education to Advance Conservation and
Habitat (Mississippi State University 2017)
and Louisiana’s Master Farmer Program
(Louisiana Agricultural Center 2017).
Additionally, the USDA NRCS has recog-
nized the power of EOFM (USDA NRCS
2013a, 2013b) in evaluating the effect of the
CPs and routinely provides financial incen-
tives for adoption. NRCS first piloted EOFM
within the Mississippi River Basin Healthy
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Watersheds in 2010 and 2011
using the Monitoring and Evaluation (799)
interim conservation practice standard (CPS).
In 2013, NRCS, with input from other
technical professionals, developed two new
conservation activities: Edge-of-Field Water
Quality Monitoring—Data Collection and
Evaluation (201) and Edge-of-Field Water
Quality Monitoring—System  Installation
(202). The objectives of these two conserva-
tion activities are to (1) evaluate conservation
system performance; (2) validate and calibrate
models, and (3) inform on-farm adaptive
management. Conservation activities 201 and
202 are more stringent than CPS 799 and
are designed to deliver scientifically sound
data to NRCS for model improvement and
to provide feedback to the producer on the
effectiveness of CPs in reducing nutrient and
sediment impacts to surface water.

The USDA NRCS conservation activi-
ties are funded through the Environmental
Quality Incentives Program, where funding is
provided to the landowner who then partners
with a monitoring professional to imple-
ment monitoring, analyze data, and evaluate
the effectiveness of CPs on a particular field.
NRCS then utilizes the data to validate its
conservation models and evaluate trends
within a watershed. However, this approach
is unique in that it directly involves the land-
owner in the monitoring effort on their own
land, providing valuable feedback on his or
her management system. Additionally, NRCS
is bound by confidentiality rules, which pro-
hibit NRCS from sharing monitoring data. If
a landowner chooses to do so, he or she may
share the data with others, but NRCS will
not. To date, NRCS has provided funding of
nearly US$6.3 million for over 40 projects in
10 states, nationwide. In Arkansas, NRCS is
working closely with the Arkansas Discovery
Farm to document and promote the benefits
of conservation.

In a relatively short period, EOFM has
evolved as a research concept and tool to a
routine practice to document runoft water
quality on real, working farms. Researchers
will continue to improve the process of
EOFM as these data help empower farmers to
become leaders and educators of their fellow

Initiative

farmers in addressing water quality. Nutrient
reduction from agriculture has a greater
probability of success when agricultural pro-
ducers are involved in the initial design of
solutions. Further, data collected from EOFM
allows them to see firsthand the performance
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and impact of management actions on their
land or their neighbors’ land. Many nutrient
reduction approaches have completely left
the agricultural producer out of the solution
design, which may limit adoption. Efforts such
as NRCS’ conservation activities 201 and 202
are providing a catalyst for more widespread
collection of EOF data, which in turn will
help the performance of models in targeting
and addressing nonpoint source pollution.

WhatAre Considered AcceptableLossesand
Uncertainty in Edge-of-Field Monitoring?

Excess nutrient loading continues to
adversely impact water resources, and deter-
mination of the cause(s) of accelerated
nutrient enrichment has become a con-
tentious and litigious issue in the United
States. Despite this, one fundamental ques-
tion that remains unanswered is what should
be considered acceptable levels of nutrients
in runoff from agricultural fields. Failing
to consider this question, recognizing that
some level of nutrient loss is unavoidable
from natural and anthropogenic sources, hin-
ders on-farm management as well as policy

efforts to address agriculture’s role. Harmel et
al. (2018b) explore this issue.

Combining data for all 45 EOFM sites
in the Arkansas Discovery Farm Program
highlights the importance of obtaining “real-
world” losses to inform risk assessment tools
and remedial policies and strategies. In table
2, the mean annual loss of N and P from
EOF sites, as a function of land use, shows a
small proportion (<5%) of applied N and P
is lost as EOF runoff. The annual loss from
individual sites was 0.5 to 11.8 and <0.1 to
2.8 kg ha' y!, with an overall average of
3.2 and 0.8 kg ha™ y'. Analysis of data in
the Measured Annual Nutrient loads from
AGricultural  Environments (MANAGE)
database showed annual runoft losses aver-
aged 13.1 kg N ha”' y'and 2.2 kg P ha™' y!
(Harmel et al. 2008). Putting these measured
losses in a broader strategic context, they
are compared with losses established during
a recent US Environmental Protection
Agency and World Resources Institute
study to examine the feasibility of nutrient
trading scenarios among point sources and
agricultural nonpoint sources (Perez et al.

Table 2
Mean annual loss of nitrogen (N) and phosphorus (P) in runoff with differing land use as a func-
tion of N and P applied in fertilizer for the 2013 to 2016 edge-of-field (EOF) monitoring period
(adapted from Sharpley et al. [2015]).
Land use Nutrient loss (kg haty?) Applied loss in runoff (%)
Nitrogen

Corn 1.9 1.5

Cotton 6.7 4.6

Pasture 0.6 0.2

Soybean 3.6 1.3

Predicted nutrient loss 27.3

Trading eligibility threshold 15.0

Range of Discovery EOF sites* 0.5t011.8

Average Discovery EOF sitest 3.2
Phosphorus

Corn 0.4 1.5

Cotton 1.0 2.8

Pasture 0.2 0.2

Soybean 1.2 1.6

Predicted nutrient loss 3.6

Trading eligibility threshold 2.0

Range of Discovery EOF sites* <0.1t02.8

Average Discovery EOF sitest 0.8
* Range in annual nutrient loss from 20 Discovery Farm edge-of-field (EOF) sites between 2013
and 2016.
1 Average annual nutrient loss from 20 Discovery Farm EOF sites between 2013 and 2016.
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2012). Loss in surface runoft predicted by
the APEX model using Natural Resources
Inventory—CEAP farmer surveys from 2003
to 2006 data for “typical field management”
practices, were 27.3 and 3.6 kg ha™' y' for N
and P, respectively (Perez et al. 2012).

Dale et al. (2010) and US Environmental
Protection Agency (2007) recommended a
45% reduction in N and P loads to reduce
the Gulf of Mexico hypoxic zone to 5,000
km? on a five-year rolling average. Based on
the US Environmental Protection Agency
and World Resources Institute feasibility
study that considered this reduction goal,
a trading eligibility threshold of 15 and 2
kg N and P ha™ y™' was established as the
basis for a trading program. What is apparent
is that the measured EOF losses measured
under the Arkansas Discovery Farm pro-
gram are below trading eligibility thresholds
for both N and P (table 2). While the US
Environmental Protection Agency—World
Resources Institute was only a feasibility
study, it highlighted the need for EOFM
data to inform nutrient trading programs
to ensure their success from an agricultural
stakeholder perspective. It also highlights the
need for EOFM data to inform nonpoint
source models during calibration and valida-
tion steps (Harmel et al. 2014, 2016).

Future of Edge-of-Field Monitoring
While large-scale basin studies and modeling
exercises are important steps in relating par-
ticular land uses to a defined in-waterbody
nutrient issue, EOFM of agricultural fields
provides the necessary resolution to spatially
target, design, and evaluate in-field CPs for
reducing nutrient loading from agriculture.
Smith et al. (2018) point out the disconnect
between large-scale loading estimates and
the large percentage adoption of nutrient
practices (4Rs), especially for fertilizer rates
for row crops in the Maumee River water-
shed. King et al. (2018) used a network of 40
EOFM sites to look at the 4Rs of fertilizer
management and was able to provide further
insight and refinement to management that
will help with reducing dissolved reactive P.
Kalcic et al. (2018) reviewed some the obsta-
cles associated with using EOFM to identify
the sources of nutrient runoff and evaluating
progress of conservation strategies at a water-
shed scale. Baker et al. (2018) point out that
more multiscale studies need to be conducted
to find ways to connect EOFM data to water-
shed and in-stream water quality data if we are
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going to better understand the nutrient fate
continuum. Similarly, Tomer (2018) suggests a
twice-paired watershed experiment design to
assess the effectiveness of stacked or multiple
CPs on water quality mitigation.

While EOFM data can expand our under-
standing of the fate of nutrients applied as
fertilizer, it is also the appropriate scale to
engage agricultural producers in the solution
process, as well as educating other producers.
Several states are using Discovery Farms as
a platform for education as well as routine
monitoring of environmental performance.
Cost is still an obstacle to widespread adop-
tion of EOFM as an on-farm mechanism
for measuring environmental performance;
therefore, NRCS has recognized the impor-
tance of EOFM in adopting conservation
and involving the producer in the solution
process as they offer financial assistance to
conduct EOFM conservation activities 201
and 202, which helps in overcoming cost
issues. Harmel et al. (2018a) outline the
history of EOFM along with advances in
monitoring equipment, including develop-
ment of lower cost techniques and addition
of telemetry so that real-time results on
environmental performance can be relayed
to producers, which may allow for quicker
adaptive management.

A novel approach of utilizing EOFM in the
future may be in performance-based nonpoint
source reduction strategies rather than strictly
practice-based approaches. For instance, the
California Agricultural Discharge program
(California Environmental Protection Agency
2017) will allow agricultural producers a waiver
from elements of the regulations if they can
demonstrate the lack of impact on a waterbody
via water quality monitoring. Perhaps EOFM
someday will be used in regulatory strategies
to document performance-based outcomes,
instead of practice approaches if producers can
demonstrate that losses from their field do not
exceed a threshold. However, this prompts the
question: what EOFM results are acceptable or
controllable? Harmel et al. (2018b) examine
this question in more detail.

Disclaimer
USDA is an equal opportunity employer and provider.
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