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Abstract. Restoration efforts in the Chesapeake Bay recently intensified with the 2010 introduction of federal total
maximum daily load (TMDL) limits for all 92 bay watershed segments. These regulations have specific, binding
consequences if any of the six states or the District of Columbia fail to meet interim goals, including loss of federal dollars
for various programs and increasing regulation of point sources, if non-point source (agricultural and urban) nutrient
reduction goals are not met in the watershed. As part of the effort to better understand and account for non-point sources of
pollution in the watershed, a team of agricultural experts from across the bay region was recently assembled, including the
nursery industry. The goal of this panel was to inform stakeholders and policymakers about the inputs and management
practices used across all Bay states. To increase both the precision and accuracy of loading rate estimates, more precise
information should guide future iterations of the Chesapeake Bay model. A more accurate accounting of land area by
operation type (e.g., greenhouse, container, and field) is a primary issue for the nursery and greenhouse industry, because
the current Chesapeake Bay model relies on USDA agricultural census data, which does not separate container and field
production, which have very different nutrient and irrigation practices. Field operations also typically account for a higher
percentage of production area in each state, which may skew model results. This is very important because the type of
operation (field, container-nursery, or greenhouse operation) has a significant impact on plant density, types of fertilizer
used, and application rates, which combine with irrigation and water management practices to affect potential nutrient
runoff. It is also important to represent a variety of implemented best management practices (BMPs) in the Chesapeake Bay
model such as vegetated buffer strips, sediment ponds, controlled-release fertilizer, and accurately assess how these mitigate
both nutrient and sediment runoff from individual operations. There may also be opportunities for growers who have
implemented BMPs such as low-phosphorus slow-release fertilizers (SRF), precision irrigation, etc., to gain additional
revenue through nutrient trading. Although there are currently some questions about how nutrient trading will work, this
could provide additional incentives for further implementation of BMPs by both ornamental and other agricultural
growers. It is possible that the TMDL process currently being implemented throughout the Chesapeake Bay will be used as
a remediation process for other impaired estuarine water bodies, which have similar water-use regulations and issues. The
lessons learned about the Chesapeake Bay model in general, and for the nursery and greenhouse industry in particular, will
likely provide guidance for how we can be proactive in reducing environmental impacts and protect the economic viability
of ornamental growers in the future.

A BRIEF HISTORY OF CHESAPEAKE
BAY RESTORATION EFFORTS

For almost 30 years, the Chesapeake Bay
has been targeted for water quality improve-
ments with the goal of removing the Bay and
its tributaries from the Environmental Protec-
tion Agency (EPA) 303(d) impaired waters
list. During that time, a number of plans and
agreements were put into place to achieve

that goal. The first Chesapeake Bay Agree-
ment was signed in 1983 (Chesapeake Bay
Partnership, 1983) and was a voluntary part-
nership among Maryland, Pennsylvania, Vir-
ginia, Washington, DC, and the EPA. This
was soon replaced by an updated agreement
in 1987, because it had no specific goals or
methods to reach those goals. The 1987 agree-
ment sought to reduce the nitrogen (N) and
phosphorus (P) loads entering the Bay by
40% by the year 2000 (Chesapeake Execu-
tive Council, 1987). This agreement included
deadlines and reduction goals, but there were
no consequences associated with the failure
to meet those goals, and participation was
voluntary. During this time, some moderate
improvements in Bay health were achieved
through education, habitat restoration, species
management plans, increased implementation
of BMPs, updates to wastewater treatment
plants, and a reduction of heavy metals and
other toxins (Chesapeake Executive Council,
1987).

The 1992 amendment expanded restora-
tion efforts to tributaries instead of just the
main stem of the Bay and acknowledged
that a reduction of upstream pollution would
benefit the Bay overall (Chesapeake Executive

Council, 1992). Additionally, there were in-
creased efforts to control non-point source
pollution, which was primarily attributed to
agriculture, but urban sources were explicitly
recognized as contributors. The agreement
also sought to explore ‘‘cooperative relation-
ships’’ with New York, Delaware, and West
Virginia to reach out to the three additional
states that have land area within the water-
shed. Although progress had been made in
terms of nutrient and sediment reduction, the
Bay’s heath did not drastically improve during
the 1990s (Fig. 1).

The 2000 agreement, which still only in-
cluded Virginia, Maryland, Pennsylvania, and
Washington, DC, established load reductions
for sediment and chemical contaminants as
well as renewing the 40% reduction in N and P
goals from 1985 levels (Chesapeake Execu-
tive Council, 2000). This agreement also in-
cluded specific population goals for certain
species including blue crabs, menhaden, and
submerged aquatic vegetation (SAV). Once
again, the outcomes of this process were not
binding; however, a few months later in 2000,
a Memorandum of Understanding (MOU) was
signed with the EPA by all six states in the
watershed and Washington, DC, in response
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to the EPA being taken to court for its failure
to protect the Bay under the Clean Water Act.
This MOU outlined the TMDL strategy that
would be implemented if the Bay and its
tributaries were not removed from the
impaired waters list by 2010 (Zilioli, 2011).
This agreement was binding and would re-
quire states to implement and comply with
nutrient and sediment load reductions
(Chesapeake Executive Council, 2000).

Every year, the Bay’s health has been
rated by a number of different health param-
eters such as oyster health, blue crab popu-
lations, and SAV cover to determine the
progress that had been made in restoring
the health of the Bay (Fig. 1). By the end of
the decade, restoration efforts had largely
failed, and the EPA was once again taken to
court by several advocacy groups in 2009,
because it was not moving forward to imple-
ment the TMDL strategy as required in the
MOU (Zilioli, 2011).

In 2009, President Obama signed execu-
tive order 13508 to protect and restore the
Chesapeake Bay and its tributaries. This ex-
ecutive order established a Federal Leader-
ship Committee to oversee the development
and coordination of the various programs
and organizations involved in the restoration
efforts and increased funding and account-
ability. As part of the TMDL process, both
short- and long-term goals have been set for
each of the 92 watershed segments. In the
short term, there are milestones that must be
met every 2 years with defined consequences
for failure to meet these targets. For example,
during the first 2 years, specific water quality,
stream restoration, agricultural, atmospheric,
stormwater, and septic outcomes must be
achieved. By 2017, a 60% reduction goal must
be met for N, P, and sediment. If specific goals
are not met by each state, increased pollution
reduction measures will need to be implemented

in the remaining years. The ultimate goal is
that by 2025, the Bay will be removed from
the impaired waters list, achieve a ‘‘health’’
score of 40 or more, and be on its way to
becoming cleaner and more stable over the
long term.

Although the TMDL process indicates
what nutrient reductions need to occur over
a given timeframe, how those reductions are
met is under the jurisdiction of each state. A
state may pass additional laws, assess addi-
tional taxes, or fund additional projects to
meet reduction goals. In the past, efforts
have mainly focused on point sources such
as wastewater treatment plants because re-
ductions are easier to measure and can also be
regulated as part of the National Pollutant
Discharge Elimination System (NPDES) per-
mit program. The NPDES regulates all point
sources, including wastewater treatment plants,
and can deny new permits and/or renewals if
a watershed is not meeting its loads. It is
likely that there will be an increased focus on
non-point sources in the coming years, which
will include both agricultural and urban
sources. The question remains what types of
regulations may be implemented and how
would they impact both farmers and residents
of each state. It is important for ornamental
growers in any impaired watershed to under-
stand the TMDL process and the potential
impacts that nutrient, chemical, and sediment
restrictions could have on their operation.

RESTORATION PROGRESS

Since Bay restoration began in 1983, a
number of changes have been made in an ef-
fort to restore this ecosystem. State legisla-
tures have passed numerous bills to raise and
distribute funds for the cleanup effort and set
limits on pollution and fisheries catches. For
example, Maryland passed a law requiring all

agricultural operations (including ornamental
operations) with a gross income of $2500 or
more to complete and submit a nutrient
management plan for N and P and to file
yearly reports on N and P application on their
acreage (Lea-Cox and Ross, 2001; Lea-Cox
et al., 2001). In addition organizations like
the Chesapeake Bay Foundation (<http://
www.CBF.org>) have helped educate and
provide information on restoration efforts
and progress.

A number of factors have slowed progress
on restoring Bay health, including economic,
environmental, and societal factors. Popula-
tion increase in the watershed is another
factor, which increases nutrient loading rates.
On average, 150,000 people are born or move
into the watershed each year, which increases
pollution loads and makes reaching nutrient
and sediment reduction targets more difficult
(Fig. 1 inset). Since the first Bay agreement
was signed in 1983, the population in the
watershed has increased from �13 million to
17 million residents and is expected to reach
20 million by the year 2030. These additional
people translate to higher inputs into air sheds
through vehicle emissions and power plant
operations, increased load on wastewater treat-
ment plants, more houses, and more fertilizer
applied to suburban areas.

WHAT IS A TOTAL MAXIMUM
DAILY LOAD?

A TMDL is a numeric scientific estimate
of the maximum daily amount of any pollut-
ant that a body of water can receive and still
meet water quality standards. Pollutant loads
can be established for any number of com-
pounds including heavy metals, fecal coli-
form, pesticides, and nutrients. The goal of a
TMDL is to reduce pollution loads enough to
remove a water body from the 303(d) impaired

Fig. 1. Health of the Chesapeake Bay over time based on a number of indicators including nutrient inputs, submerged aquatic vegetation health, and oyster and
blue crab populations. (Inset) Human population of the Chesapeake Bay watershed over time (Chesapeake Bay Foundation, 2012, used with permission).
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waters list (U.S. EPA, 2010b). It is important
to understand that a TMDL accounts for both
point and non-point sources flowing into a
waterway, so a TMDL can either be met by
reducing point source loads, non-point source
loads, or a combination of the two.

Point sources are easier to quantify and
are often regulated at the state and federal
level through NPDES permitting. Non-point
sources, including agricultural runoff, are
diffuse and scattered throughout a watershed,
making them much more difficult to identify
and manage when compared with point sour-
ces. A variety of nutrient application rates,
sediment reduction practices as well as other
agricultural BMPs are in place to reduce
nutrient and sediment infiltration and to de-
crease nutrient runoff. All of these factors
must be taken into account to assess the real
impact of a nutrient or sediment source on its
tributary.

The majority of the land area in the
Chesapeake Bay watershed is forested area
(64%), whereas agriculture accounts for 24%
of the area and 8% is considered urban (Fig. 2).
It is not clear where suburban land area is
allocated in this diagram. From this informa-
tion, it appears that agriculture is the largest
human influenced land use type in the water-
shed, which may indicate the relative impor-
tance of agriculture and management of nutrient
and sediment pollution inputs to the watershed.

Agriculture, which includes ornamental
plant production, currently accounts for the
largest contributed loads for N, P, and sedi-
ment reaching surface waters in the Bay water-
shed (Fig. 3). Manure accounts for 17% of the
N and 38% of the P reaching surface waters,
whereas fertilizer accounts for 15% and 28%,
respectively. Human N contributions (waste-
water, septic, and urban) are almost equiva-
lent to the amount applied by agriculture
(manure, fertilizer, and agricultural atmo-
spheric contributions) at 34% and 38%, re-
spectively. Although agriculture makes a
substantial contribution to N, P, and sediment
into surface waters, inputs from non-agricultural
sources (both human and industrial) cannot
be ignored.

Although the watershed encompasses land
area in six states and the District of Columbia,
each state does not have an equal amount of
reduction that needs to occur as part of the

TMDL process (U.S. EPA, 2010b). Table 1
shows the amount of N, P and sediment that
needs to be reduced by each state together
with the percentage of the reduction that each
state accounts for, and how much of that goal
they have reached, as of 2011. The first column
totals the load reduction for which each state
is responsible. The total percent reduction
(column 2 for N, P, and sediment) represents
the total mass load reduction each state is
responsible for, whereas the percent reduced
to date (column 3) represents the percentage
of the total mass reduction goal each state has
met. For example, Virginia is responsible for
reducing 52.5 million pounds of N or 27.4%
of the 191.7 million pounds total. To date,
Virginia has reduced N loading by 38%, or
20.0 million pounds reduced, and is required
to reduce N loading by an additional 32.4
million pounds to reach their goal.

For N, P, and sediment loads, Pennsylva-
nia, Virginia, and Maryland account for the
majority of pollutants that must be removed,
which roughly relates to their respective land
area. Pennsylvania has to reduce N inputs
by more than any other state (78.8 million
pounds), whereas Virginia has to reduce the
most P (6.5 million pounds) and sediment
(3.3 trillion pounds) by 2025. Pennsylvania,
Virginia, and Maryland each have to make
large reductions in N, P, and sediment over
the next 12 years to meet interim and final
goals. New York, West Virginia, Delaware,
and Washington, DC, make up a relatively
small portion of the overall reduction and
cumulatively account for 10.1% of the N,
11.5% of the P, and 10.8% of the sediment
that must be remediated in the upcoming
years. Reductions in nutrient and sediment

inputs will likely come from a variety of
sources. Some wastewater treatment plants
have been retrofitted with technology upgrades,
aimed at long-term reduction of nutrient inputs
to waterways. In 2003, it was reported that 234
of the 265 treatment plants in Maryland, New
York, Pennsylvania, and Washington, DC,
had average N discharge rates above 5.1 mg/L
with a cost of upgrading to less than 3 mg/L
estimated at $4.4 billion, which would achieve
a 20% reduction in N loads reaching the Bay
(Chesapeake Bay Foundation, 2003).

As discussed previously, agriculture ac-
counts for 24% of the acreage in the water-
shed. Implementation of BMPs has had and
will continue to have major implications
for reducing nutrient and sediment runoff.
Agricultural operations have implemented
a number of management practices over the
years, sometimes without governmental sup-
port (e.g., cost share or conservation pay-
ments) to offset the cost of implementing
those practices. If growers did not receive any
incentives for implementing these improve-
ments, they are often not captured in Chesa-
peake Bay model (Erhart, 2010), and agriculture
is therefore not receiving credit for those
practices. Figure 4 shows the relative expense
associated with implementing various N re-
duction technologies. It is typically less ex-
pensive to implement best management or
conservation (e.g., buffer area) practices in
agriculture compared with point sources where
remediation technology is often more expen-
sive. Nutrient remediation often comes at a
cost for growers through capital and mainte-
nance expenditure and, for some of the tech-
nologies, by removing land from production,
for example installation of wetlands or

Fig. 2. Area of the Chesapeake Bay watershed
broken down by land use types (Chesapeake
Bay Foundation, 2010, used with permission).

Fig. 3. Nitrogen, phosphorus, and sediment loads to the Chesapeake Bay and its tributaries by source.
Figure adapted from U.S. Environmental Protection Agency (2010a).
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vegetative buffers. Additional areas for reduc-
tion include remediation of urban/suburban
runoff and air sheds, which could remove large
inputs of nutrients over large areas (Fig. 3).

MOVING FORWARD

In 2011, a Chesapeake Bay agriculture
expert panel was formed, which included re-
search and extension members from through-
out the watershed, representing all sectors of
agriculture. Several goals were outlined for
the committee, whose primary task was to
gather information about agriculture across
the entire watershed and to increase collab-
oration and information-sharing about prac-
tices among states. By sharing information on
each state’s approach to nutrient and BMPs,
areas for improvement could be identified
and information transferred on how best to
move forward with BMP implementation to
ultimately reach TMDL goals. Another goal
of the expert panel was to provide additional
information to the Chesapeake Bay Scenario
Builder model and the Chesapeake Bay Pro-
gram’s Watershed Model – Hydrological Sim-
ulation Program in Fortran to better model
agricultural practices (particularly ornamen-
tal practices) and their resultant nutrient and
sediment losses. The results from the Ches-
apeake Bay model simulations are used to
determine where nutrient reductions should
be focused in various segments of the Bay.
Simulating ornamental (nursery and green-
house) production practices is problematic as
a result of the wide variety of irrigation (e.g.,
microirrigation, overhead sprinkler, and
boom), fertilizer (e.g., different formulations,
rates, and application timing), and manage-
ment (e.g., vegetated buffers, substrate type,
sediment/containment pond) practices in the
watershed.

Our specific goal as the ‘‘ornamental in-
dustry’’ working group within this committee
is to inform the Chesapeake Bay modelers
about how the model can be adapted to better
model the inputs and practices used by green-
house and nursery operations. In Maryland,
specific water and nutrient management in-
formation is available through the nutrient
management plans and annual reporting forms,
which are collected by the Maryland De-
partment of Agriculture. However, this in-
formation is not shared with external parties

or agencies, even in aggregate form. As
a result of this inaccessibility, detailed nutri-
ent and irrigation application information
was voluntarily contributed by 49 growers
in Maryland (�15% of total nursery and
greenhouse operations in Maryland) in a
study conducted by Majsztrik (2011). This
information was collected and secured by an
Institutional Review Board protocol, which
guarantees that no individual operational data
are disclosed (Majsztrik, 2011). This detailed
database of practices has provided numerous
insights into water and nutrient application
practices by growers in field (soil produc-
tion), container-nursery, and greenhouse pro-
duction systems (Majsztrik, 2011). Furthermore,
the production system models that were de-
veloped by Majsztrik (2011) have allowed us
to test a number of different N, P, and water
application scenarios, which has allowed for
numerous insights into how we can reduce N
and P loading with reduced nutrient applica-
tion rates to targeted species in different op-
erations when combined with better water
management practices.

We are also working to include nursery
and greenhouse extension specialists from
other states in the working group to ensure
that we are synchronizing our efforts through-
out the Bay watershed, and with the Ches-
apeake Bay modelers to resolve the lack of
specificity with regard to inputs and manage-
ment practices for nursery and greenhouse
operations for the 2017 iteration of the model.
Current land use allocation in the model is
based on National Agriculture Census data
(U.S. Department of Agriculture, 2009). The
main limitation with this census data are that
field, container-nursery, and greenhouse pro-
duction is based on categories such as woody
perennial, floricultural crops, etc., which do
not relate to how those broad categories of
plants are produced by different segments of
the industry and which have very different
nutrient and irrigation application practices.
Majsztrik (2011) reported average yearly
application rates ranging from 62 to 800 kg
N/ha and 17 to 251 kg P/ha in container-
nursery production compared with 7 to 67 kg
N/ha and zero to19 kg P/ha in field opera-
tions. Application rates are closely tied to
plant densities in production, which are re-
flected in the greater application rates for
container-nurseries. Majsztrik (2011) also

reported that there are great disparities in
application rates among growers of the same
crops and container sizes.

Currently, a single N and P application
rate (similar to the higher rates previously
described) is attributed to all crop production
in greenhouse, container-, and field nursery
production areas in the Chesapeake Bay
model, although we would estimate �75%
of the 20,500 acres of ornamental production
area in Maryland is under field production
with much lower average N and P inputs (as
noted previously). We therefore believe that
disproportionate amounts of N and P appli-
cations are currently being attributed to this
sector of agriculture, although they represent
a very small proportion of total nutrients applied
by agriculture in the watershed. Although we
would assume nutrient application rates in
ornamental operations are similar through-
out the watershed, we are not certain of this.
Thus, to obtain more accurate land-use data,
we are planning to survey Maryland nursery
and greenhouse growers about their specific
land acreage used in production during 2013.
This will help to resolve uncertainties in the
Chesapeake Bay model and allow us to more
accurately estimate N and P application rates
for the industry in Maryland, which may be
generally applied to the rest of the watershed.

We also intend to incorporate additional
BMPs into the Chesapeake Bay model for
ornamental growers, including lower fertilizer
rates, vegetated buffer strips, cyclic irrigation,
and SRF sources. Currently, the only manage-
ment practice that can be used for nutrient
reduction in these operations is 100% contain-
ment of runoff, which is unrealistic for many
growers as a result of lost production area,
expense, and disease management issues. There
is a two-step process for inclusion of a spe-
cific BMP in the Chesapeake Bay model. The
first step is acceptance of an approved ‘‘in-
terim’’ BMP. The effectiveness of this in-
terim BMP has to be rigorously documented
for acceptance as a ‘‘final’’ BMP. This is
typically accomplished with a targeted re-
search study or review of previously pub-
lished research studies, which quantify load
reductions for that particular BMP. There are
a number of established BMPs in ornamental
operations that are known to reduce nutrient
and/or sediment runoff, but nutrient reduc-
tions from some of these BMPs have not been

Table 1. Nitrogen, phosphorus, and sediment reductions by state in the Chesapeake Bay watershed based on 1985 values.z

State Acreage (%)

Required nitrogen reduction Required phosphorus reduction Required sediment reduction

106

pounds
Total

reduction (%)
Reduced

to date (%)
106

pounds
Total

reduction (%)
Reduced

to date (%)
106

pounds
Total

reduction (%)
Reduced

to date (%)
Pennsylvania 35 78.8 41.1 37 3.60 24.7 40 1,945 26.5 35
Virginia 34 52.5 27.4 38 6.50 44.5 44 3,251 44.3 34
Maryland 14 41.2 21.5 46 2.80 19.2 48 1,350 18.4 28
New York 10 8.4 4.4 40 0.64 4.4 49 304 4.1 19
West Virginia 6 5.0 2.6 21 0.64 4.4 29 373 5.1 28
Delaware 1 3.4 1.8 36 0.28 1.9 43 100 1.4 17
Washington, DC 0.1 2.4 1.3 62 0.12 0.8 37 17 0.2 3
Total 191.7 40 14.60 43 7,340 32
zThe percent of total reduction is each state’s contribution to the total Bay-wide reduction, whereas percent reduced to date is the amount of reduction achieved for
that state as of 2011.
Adapted from Chesapeake Bay Program. 16 Nov. 2012. <http://www.cbf.org/how-we-save-the-bay/chesapeake-clean-water-blueprint/pollution-limits-by-state>.
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quantified with rigorous experimentation. It
is possible that we can use existing enterprise-
level models to quantify load reductions with
reduced cost and time requirements for veri-
fying those BMPs (Majsztrik, 2011). These
models were designed specifically for nursery
and greenhouse operations and incorporate
many of the current management practices
(e.g., in-field buffer strips, slow-release fertil-
izer sources, low or no-P fertilizer blends) and
may be useful for gaining interim and final
approval for a number of management prac-
tices through the Chesapeake Bay Agricultural
Committee. This process could provide rea-
sonable estimates of nutrient and sediment
reductions on a time scale that is reasonable
for inclusion of the BMPs in the 2017 iteration
of the model. It is imperative to include these
approved BMPs in the Chesapeake Bay model
to address the disconnect between BMPs that
are already in use/in place as reflected in
nutrient management plans, which have al-
ready been approved, and the data being used
in the Chesapeake Bay model.

NUTRIENT TRADING

Nutrient trading is another opportunity,
which may have the potential to reduce nutrient
loads to the Bay and provide growers with an
additional income source. Nutrient trading
is a way to offset urban and industrial inputs
across the watershed. It allows agricultural
producers who are not applying excessive
amounts of nutrients or who have imple-
mented BMPs to reduce nutrient loading to
‘‘trade’’ any available credits with those users
who are not currently in compliance with
their load limits. One credit is equal to a 1-
pound reduction in N reaching surface wa-
ters. Nutrient trading is a legal contract where
one entity (typically a point source) that is
contributing too much of a pollutant pays
another entity (typically a non-point source
like an agricultural operation) for part of the
pollutant load they are not contributing over
a certain amount of time. Although nutrient
trading is a mechanism available to all agricul-
tural producers, we are focusing on its potential

impact for ornamental plant growers, espe-
cially field operations who are applying very
low N and P rates and who have implemented
a range of BMPs. The nutrient trading tool
(<http://nutrientnet.mdnutrienttrading.com>)
requires participants to have both a soil
conservation plan and a nutrient management
plan to complete the required information. The
user inputs their historic practices (N and P
application rates, planting and harvesting
time, management practices, etc.) and then
inputs changes in practice since 2007. The
trading tool then calculates N and P reduc-
tions based on those changes in practice. The
trading tool also considers an operation’s
location in the watershed and apportions
a ‘‘load factor’ (from 0 to 1.0) to the calcu-
lation of any tradable credits. Growers closer
to impaired waters have a higher load factor
(e.g., credits · 0.7) compared with growers
who are further away (credits · 0.2). The
result is the number of credits that a specific
operation has to trade based on their nutrient
application rates and conservation practices
that are in place and their watershed location.
After determining the number of available
credits, an independent audit procedure is
completed. The audit is typically completed
by a certified National Resource Conserva-
tion Service technical service provider, who
verifies the practices and nutrient application
rates that were reported by the farmer based
on fertilizer receipts, etc. Once the audit
is complete, the credits can be placed in a
‘‘marketplace’’ where the credits are then
traded. Another benefit of the nutrient trading
tool is that once all of the information is
entered in the online system, a grower can
easily see how any future changes such as
installing buffer strips or reducing fertilizer
application rates and/or timings would im-
pact the number of tradable credits.

Two types of contracts are currently being
used: short and long term. Short-term con-
tracts (5 to 10 years) could be used by
wastewater treatment plants and other in-
dustrial entities to temporarily offset higher
pollution loads until infrastructure or other
improvements can be made. These types of

credits are currently earning $30 to $50 per
credit per year, guaranteed for the life of the
contract (Robert Ensor, Howard County, MD,
Soil Conservation District, District Manager,
personal communication). Currently, only N
credits are being traded in the marketplace. It
is likely that P credits will be worth signifi-
cantly more because P is much more difficult
to remediate compared with N (Hansen et al.,
2002). Long-term (greater than 10-year) con-
tracts are being used to remediate sources of
N and P pollution that are not likely to change
in the short term such as new septic tank
installations in rural areas. These contracts
could be for 50 or more years with payouts of
$5,000 to $50,000 per credit for N (Robert
Ensor, Howard County, MD, Soil Conserva-
tion District, District Manager, personal com-
munication). Long-term credits would most
likely apply to more permanent practices such
as conservation easements.

Nutrient trading therefore has the potential
to not only increase a grower’s revenue by
paying an operation for positive changes that
have been implemented in their practices, but
also can be used to share the cost of, or
incentivize, additional nutrient reduction prac-
tices. For example, a buyer might pay for part
or all of the cost of additional buffer strips or
other changes in practice and then pay a yearly
amount for the grower to maintain the buffer
in addition to the money they are paying for
the credits. This would allow the grower to
install and maintain additional BMPs at low or
no cost during the contract period.

HOW MANY CREDITS CAN BE
GAINED?

We have worked with a few growers to
better understand how the nutrient trading
tool works for nursery operations. For exam-
ple, one of the operations has �150 acres of
total production area with �75 acres under
ornamental field production and 75 acres
currently in a corn/soybean rotation. This
operation is incrementally taking a number
of acres out of corn/soybean rotation each
year to put into field production. The initial
2007 conditions for this operation were �10
acres of nursery with the remaining 140 acres
in corn/soybean. By converting all acres from
current corn/soybean to field production with
vegetative buffer strips and lower fertilizer
inputs, a total of 750 N credits and 300 P
credits were generated, or �5 N credits/acre
and 2 P credits/acre. At the current price of
$30 to $50, that would equate to $22,500 to
$37,500 additional income per year for all N
credits. If the P credits are worth say $100 to
$500, that would be an additional $30,000 to
$150,000 per year for those credits. To be
clear, there is currently no P trading within
the Chesapeake Bay, so these values per credit
are for illustration only.

NUTRIENT TRADING QUESTIONS

A number of outstanding questions about
nutrient trading still need to be clarified. It
is not clear how the models underlying the

Fig. 4. Relative cost of remediating 1 pound of nitrogen (Data from Chesapeake Bay Foundation, 2012,
used with permission).
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nutrient trading tool were developed, cali-
brated, or validated. These steps have a large
impact on the final results. It is also unclear
what baseline values should be used. For the
example listed, should credits for changing
from a corn/soybean rotation to field be based
on historic practice, the fertilization rates the
grower applied last year, or the average of the
last 5 or 10 years? Alternately, should credits
be based on the maximum amount of nutri-
ents that a grower could have applied to that
crop compared with current practice? These
scenarios would each have different outcomes
in regard to tradable credits. The industry needs
a clear set of policies and guidelines before
growers are likely to widely adopt trading.

Uncertainties also exist for growers who
have taken a number of steps to reduce their
nutrient loading such as reduced nutrient
inputs, installed sediment/retaining ponds,
vegetated ditches, etc., but did not receive
cost share and did so before the 2007 cutoff.
This is the case for many ornamental opera-
tions, which means they do not have any credits
to trade because they made changes to their
operation too early. This does not seem entirely
equitable, especially because these changes
are not accounted for in the Chesapeake Bay
Model, if they were not cost shared, and
therefore are not included in the current model.

On a more practical level, growers have
questions about the current and ultimate
value of N or P credits. The current system
is driven by the buyer, who determines the
price they will pay for a credit, and the seller
(farmer) decides if they are willing to accept
that price (i.e., auction approach). However,
ideally there would be clarity in this process
so that buyers and sellers know the prices of
previous agreements (e.g., futures market).
This would address equity issues and allow
all parties to receive a fair price. Participating
growers must understand that when they sign
a contract, they are bound by that agreement

to apply only that amount of fertilizer or
to implement and maintain the agreed-on
management practices for the length of the
contractual period. They need to make sure
that they will be able to remain profitable and
maintain fertility during that time period.

CONCLUSIONS

Regulations in the Chesapeake Bay wa-
tershed are not likely to decrease in the coming
years, because population and development
further tax an already stressed Chesapeake
Bay watershed. To reach water quality goals
in this region, it is likely that current regula-
tions will be continued and additional nutrient
and sediment reduction goals added, where
necessary. As researchers, we will continue
to work with growers, the Chesapeake Bay
modelers, and regulators on these and other
issues to increase the accuracy of informa-
tion, to help identify ways to reduce the impact
of ornamental growing operations on the
environment, and to help growers understand
and comply with changing regulations.
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