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Nutrient Runoff From Cropland
Gulnihal Ozbay* and Matthew Stone †

Department of Agriculture and Natural Resources, Delaware State University, Dover, DE, United States

Blackbird Creek is the waterway that empties into the Delaware Bay. The lower 21 km

of the creek has been shown to have appreciable salinity measurements, suggesting

that this portion is influenced by tidal fluctuations. Fourteen sampling stations were

established within this lateral range in order to examine the nutrient dynamics of the

creek at various points in time. Our objective was to monitor potential changes in

water quality conditions, especially on nutrients, in the creek during the day using

the low and high tides as the predominating driver for the change. Temperature, pH,

dissolved oxygen, conductivity, and salinity were monitored bi-weekly at each station.

Concentrations of dissolved nitrate (NO3), nitrite (NO2), ammonia (NH3), orthophosphate

(PO4), alkalinity (Alk), and turbidity (Tbd) were measured at each station over the course

of the field season. Average concentrations were generally low for the nitrogen species:

NH4 = 0.11 mgL−1, NO3 = 0.30 mgL−1, NO2 = 0.02 mgL−1. Average alkalinity (92

mgL−1 CaCO3) and turbidity (71 FTU) concentrations were appropriate given the nature

of the marsh environment. The average PO4 concentration, however, was elevated

(=0.44 mgL−1). The EPA recommends values under 0.1 mgL−1 for this type of waterway.

When considered separately, nutrient concentrations on outgoing tides were elevated

relative to nutrient concentrations on incoming tides. Overall, the highest concentrations

for all parameters occurred at low tide before the shift to the next incoming tide. This

suggests that there are greater nutrient concentrations upstream than downstream.

Given that land use in the Blackbird Creek watershed is primarily agricultural, it is likely

that upstream pore water input from cropland is influencing the nutrient dynamics of the

waterway. This information is key to understanding the efficiency of the riparian buffer

system that has been established in the watershed and to allow for opportunities for

improvement to mitigate nutrient runoff from agricultural fields.

Keywords: blackbird creek, outgoing tides, incoming tides, water pollutants, chemical, bi-directional water,

nutrients

INTRODUCTION

Water resources throughout the Mid-Atlantic coastline of the United States are facing constant
and increasing threats from growing human population (Postel et al., 1996; Pimentel et al., 2004).
Water resource management needs to be a priority as climate changes, sea level rises, and land
use is modified to accommodate increase population. Land use, particularly, is an immediate
concern because a change in the way land transformed has direct implications on water quality
and quantity and aquatic habitat suitability (Forney et al., 2001; Allan, 2004). The change from a
native ecosystem to an agricultural landscape has far-reaching implications, including increased soil
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erosion, fertilizer runoff, removal of critical wildlife habitat, and
loss of ecosystem services which help mitigate the effects of
climate change (i.e., carbon sequestration; Schempf and Cox,
2007). If, for example, forested wetlands are drained and used
instead for agricultural practices to feed an ever-increasing
population, the wetland habitat available for use by aquatic biota
is reduced due to altered hydrology, affecting the quality of the
water directly. Marsh grasses and forested buffers have been
shown to decrease nutrient and pollutant runoff into waterways
(Bingham et al., 1980; Castelle et al., 1994; Spruill, 2000). If
these buffers are removed, there is a direct line of application of
such pollutants from surface water and submarine groundwater
discharge into streams and estuaries (Bingham et al., 1980).

Blackbird Creek is a small watershed in north-central
Delaware that has a measurable concentration of agricultural
land practice throughout The Blackbird Creek watershed in
New Castle County, Delaware is a model catchment to study
the utility of natural riparian buffers on water quality because
of a significant concentration of agricultural land practice
throughout the creek. The basin drains about 80.3 square
kilometers of north-central Delaware into the Delaware Bay.
The main waterway is about 44 km long with an additional
2.5 km of tributaries (DNREC, 2006). Approximately, 36% of the
watershed is designated as use for agriculture and an additional
13% as urban use. There are no known point sources of
pollution throughout the watershed (DNREC, 2006). Therefore,
excess nutrient concentrations are either autochthonous or from
human-induced runoff.

Blackbird Creek is a tidal system for the lower 21 km
of the waterway with bio-directional flow, making it an
extremely important ecosystem for many ecologically and
economically important species. As a nursery, Blackbird Creek
is home to several fish species especially in their juvenile
stages, such as weakfish (Cynoscion regalis), channel catfish
(Ictalurus punctatus), black drum (Pogonias cromis), white
catfish (Ameiurus catus), Atlantic menhaden, alewife (Alosa
pseudoharengus), American eel (Anguilla rostrata), white perch
(Morone americana), striped bass (Morone saxatilis), and many
others. It is also home to the blue crab (Callinectes sapidus).

Of particular importance is habitat change of the ecosystem
due to anthropogenic impacts. Land use changes from native
ecosystems to farmland can create temperature extremes due to
lack of shading along the waterway (Blann et al., 2001), adjust
salinity due to altered hydrology (Jayawickreme et al., 2011), and
increase nutrient concentrations if a rain event occurs following
fertilization of the crop fields in the watersheds (Johnson et al.,
1997). Blue crabs, particularly in their post-larval stages, are
sensitive to changes in temperature and salinity (Mistiaen et al.,
2003; Mazzotti et al., 2006). Costlow (1967) found that the most
pronounced post-larval growth was at 30◦C in salinities of 10
parts per thousand (ppt) to 40 ppt and that salinity >30 ppt is
optimal for growth. He also concluded that water temperatures
ranging from 21.5 to 34.5◦C are suitable for survival and growth,
and that 25◦C is optimal (Costlow, 1967).

A pervasive issue with regard to human impact is
eutrophication—the introduction of large amounts of nutrients
into ecosystems where blue crabs and other nekton exist. In

such a situation, as evidenced in the Gulf of Mexico (Kling et al.,
2014) and the Chesapeake Bay (Boesch et al., 2001), the nutrient
concentrations can become high enough to force blooms of
phytoplankton throughout the ecosystem. After some period,
these algae blooms die off. When this happens, these plants are
no longer producing oxygen as a byproduct of photosynthesis,
but rather consuming it via decomposition. This causes a hypoxia
episode—the reduction in the dissolved oxygen concentration
of the ecosystem (Diaz and Rosenberg, 2008), and could lead to
death of sessile organisms and movement of motile organisms
from the area.

Blackbird Creek watershed has great potential for eutrophic
conditions, with up to 44% of the basic comprised of agriculture
land cover (Pomilio, 2015). These lands are fertilized frequently
to accommodate the timely growth of crops (Lu et al., 2012).
This is a concern for local nekton of commercial and ecological
importance. Eutrophication is a common problem for wetlands
adjacent to agricultural lands, partially because the nutrient
loading tends to favor the growth of aggressive, invasive,
often weedy, plant species that displace native wetland plants.
Drexler and Bedford (2002), for example, showed that inflow of
nutrient rich water into a New York wetland led to growth of
monotypic stands of native bluejoint (Calamagrostis canadensis)
and broadleaf cattail (Typhalatifolia) in an otherwise diverse
ecosystem. In extreme cases, such as the Chesapeake Bay,
nitrogen and phosphorous loading causes algae growth so
great that the blooms block out sunlight to submerged aquatic
vegetation, a crucial habitat for larval and juvenile fish and crabs
(Boesch et al., 2001).

Substantial nitrogen is placed on croplands in order to
maximize growth and productivity throughout the growing
season throughout the Delmarva Peninsula (Bachman et al.,
1994). A small, but significant fraction of the total nitrogen
used for agriculture is in excess of the plant requirements
for appropriate growth. This extra nitrogen can accumulate in
the soils, runoff into the waterway, migrate through the soil
into groundwater channels, or enter the atmosphere by way of
ammonia volatilization or nitrous oxide production. All of these
issues are typical in a marsh ecosystem such as Blackbird Creek.
Of particular concern is the runoff into the waterway.

Previous studies have shown the detrimental effects of
excessive nutrient input, as evidenced by work in the Gulf
of Mexico (Rabalais et al., 1996) and the Chesapeake Bay
(Boesch et al., 2001) because the land within these watersheds
serve as alluvial plains for runoff into the waterway which,
in turn, serves as a conduit to a centralized location where
the nutrients can accumulate and become a detriment to
the system (Carpenter et al., 1998; Valiela et al., 2000;
Paul and Meyer, 2001). We hypothesized in this study that
due to high levels of agricultural use (Figure 1) within the
watershed, there are probably high levels of nutrient runoff
from cropland. Because of the bi-directional nature of the
waterway, high nutrient levels would be evident in outgoing
tides, representative of upstream water. The nutrients would
be lower on incoming tides, which represent water from the
Delaware Bay. Our objective was to monitor potential changes
in water quality conditions in the creek during the day using
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FIGURE 1 | Aerial view of the Blackbird Creek Watershed, Delaware with an inset to show cropland coverage and site selections for sample extraction (Stone, 2016).

the low and high tides as the predominating driver for the
change.

MATERIALS AND METHODS

Study Sites
Blackbird Creek is a tidal waterway located along the central
Delaware that drains a watershed of about 80 square kilometers
into the Delaware Bay. Approximately, half of its 44 km in
length is affected by tidal fluctuations while the upper portion of
the waterway is comprised of freshwater only (DNREC, 2006).
Several sites were selected in the tidal portion of the creek,
representative of the lower 21 km of the waterway nearest to the
bay.

Fourteen sites were chosen within the tidal range and
measured for physical water quality parameters and nutrient
concentrations on incoming and outgoing tides from May
through August 2015. Those 14 sites were selected to encompass
the portion of the creek upstream of the boat ramp (Figure 1).
Each of the sites was labeled based on the percentage of
agriculture within a 500m × 500m cell, as designated by
aerial data collected in 2012. Each cell was labeled based on
a range of percent cropland in order to achieve appropriate
replicate habitats. Thus, a cell labeled “20” representing a spatial
percentage of agricultural land between 20% and 30%. Within

each cell, every site was identified as a 300m stretch of water
with 2.44m PVC poles placed at the upstream and downstream
endpoints of the sites. There were four treatments based on
cropland percentage: 0–10, 10–20, 20–30, and 30–40%. The 0–
10% treatment had seven replicates. The 10–20% treatment had
three replicate stations. Each of the remaining categories had two
replicates. On any given date, 10 of the 14 sites were chosen using
a random number generator in Microsoft Excel R© for collection
due to time and labor accessing to the sites and commute
to the Aquatic Sciences Lab at Delaware State University.
Therefore, in some instances, replicate samples may not have
been obtained. This was accommodated by repeated sampling
within each of three seasons. The crop-planting season was
defined as May–June. The growth season was July–August. The
crop-harvesting season was defined as September–November.
Water quality was monitored and water samples were collected
during both high and low tides in this study from those
sites.

Water Quality Field Monitoring
In 2015, samples were collected bi-weekly using a 17′ jon boat
during the incoming and outgoing tides. Physical data were
collected in situ at the time of water collection. Temperature (◦C),
pH, salinity, conductivity (mS cm−1), and dissolved oxygen (mg
L−1) were obtained with a YSI 556Multiprobe (YSI Incorporated,
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Yellow Springs, OH). Dissolved oxygen was based on the percent
oxygen saturation of the water. The instrument also provided a
measurement of dissolved oxygen in mg L−1 via an algorithmic
calculation from the percent saturation and a measurement of
salinity based on a calculation from the conductivity reading.

Water Quality Laboratory Testing
At each site, water was collected into 1L dark polyethylene
bottles (rinsed 3 times with sample water), capped, and then
placed on ice for transport to the lab for nutrient analysis.
For ex situ analysis, the samples were measured for nitrate
+ nitrite, ammonia, orthophosphate, turbidity, and alkalinity.
Because orthophosphate is reactive in nature, a subsample
of water was filtered on site into a separate bottle in order
to minimize the potential for such reactions. Nitrate was
determined using HACH Method No.8171, the cadmium
reduction method to detect levels between 0.1mg L−1 NO3

and 10.0mg L−1 NO3. Nitrite concentration was evaluated
using HACH Method No.8507, the diazotization method with
detection levels up to 0.30mg L−1. Ammonia was measured
using the Ammonia salicylate method, HACH Method No.8155,
detecting ammonia concentrations between 0.01 and 0.50mg
L−1 NH3. Orthophosphate concentrations were determined
using HACH Method No.8048, the ascorbic acid method. This
reaction provided information on soluble reactive phosphate
concentrations between 0.02 and 2.50mg L−1 PO3−

4 . Each
of these parameters was measured on a HACH DR 3900
spectrophotometer (HACH, Loveland, CO). Palintest methods
were used to determine alkalinity and turbidity concentrations
in Blackbird Creek and measured on a YSI 9500 Photometer
(YSI Incorporated, Yellow Springs, OH). Alkalinity was evaluated
using an automatic wavelength selection, measuring between
0 and 500mg L−1 CaCO3. Turbidity was also determined
with an automatic wavelength selection and presented in
Formazin Turbidity Units (FTU), which is generally equivalent
to Nephelometric Turbidity Units and Jackson Turbidity Units
(JTU). This method allowed for measurements between 5 and
400 FTU.

Statistical Analysis
A general linear model (GLM) was conducted for experimental
design to determine differences in water quality by the incoming
and outgoing tides at 14 study sites. Also within the model
were interaction effects, which are dependent upon each other
if proven to be significant: study sites × tides interaction
term. Mann-WhitneyU-Tests were used to determine significant
differences between incoming and outgoing tides. With 95%
confidence level, p < 0.05 gives the significance.

RESULTS AND DISCUSSION

Figure 2 below shows themean levels of water quality parameters
tested during the incoming and outgoing tides during June
through November in 2015. Mann-Whitney U-Tests showed
significant differences between incoming and outgoing tides for
NH3, NO2, PO

3−
4 , turbidity, salinity, pH, and conductivity (p <

0.05). There was no significant difference in temperature or

dissolved oxygen. Raw data shows that the mean values for
NH3, NO2, PO

3−
4 , pH were greater on outgoing tides (Figure 2).

Conductivity, turbidity, and salinity were lower.
While we monitored differences in majority of water

quality parameters (NH3, NO2, PO
3−
4 , Turbidity, Salinity, pH,

and Conductivity) between incoming and outgoing tides, we
found no differences in water quality parameters in relation
to land uses in Blackbird Creek. Variability in temperature
followed predictable seasonal patterns, and was not any different
throughout the creek on any given sampling time. This was
expected because the portion of Blackbird Creek that was
investigated was not in an area with significant amounts of shade
from trees or buildings. Thus, any temperature changes were
accountable to environmental changes (Figure 3).

Salinity throughout Blackbird Creek showed predictable
trends over time. While differences in Salinity was expected
between the incoming and outgoing tides, there was no difference
between sites, but there were seasonal changes (Figure 3).
Summer months have characteristically low rain and high
temperatures in the Mid-Atlantic States. The tidal regime was a
key player for salinity change daily. If the tide were on its way
in from the Delaware Bay, salinity was greater due to the source
of the water, especially if the tide had been incoming for several
hours.

Turbidity throughout the waterway was extremely high, with
extremes in 2015 on November 4th (32 NTU) and 14 May
(222 NTU) in 2015. While there are no standards set forth
by regulatory agencies to maintain the turbidity levels, studies
have shown that values such as these can be detrimental to
the ecosystem. Of primary concern is the problem that fish
rely on sight and speed for prey capture may flee highly
turbid water in order to find a food source. In addition,
high turbidity can reduce light penetration into the water to
the point that aquatic vegetation cannot photosynthesize for
lack of light energy. These high turbidity values were likely
a function of the nature of a tidal creek and not reflective
of adjacent agricultural land. Modeling the turbidity in these
ecosystems is challenging due to the complicated hydrodynamics
and rheological behavior of the soft mud, which can dissociate
easily under varying conditions (Dyer et al., 2004; Uncles et al.,
2006). High rainfall, for example, can cause mudflats to break
up and move into the waterway, especially during low tide. The
changing environmental parameters of air temperature, rainfall,
and wind may account for the significant differences in turbidity
between seasons. However, it cannot be ignored that the turbidity
was higher during the planting season (May and June)—that in
which there may have been considerable tilling of agricultural
fields, which loosened soil particles and increased the likelihood
of the soil to runoff into the waterway (University of Minnesota
Extension, 2018).

Generally, the dissolved oxygen in the creek was at appropriate
levels according to the minimum acceptable standard to
minimize growth effects of fish based on 5.0mg L−1 established
by the state of Delaware (DNREC, 2006) or 4.8mg L−1 by the
Environmental Protection Agency (USEPA, 2000). There were
a few instances when the levels were indeed too low based on
this standard. It is likely that this was due primarily based on

Frontiers in Environmental Science | www.frontiersin.org 4 October 2018 | Volume 6 | Article 114

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


Ozbay and Stone Nutrient Runoff From Crop Land

FIGURE 2 | Mean concentrations of: (A) ammonia and nitrite, (B) nitrate and

orthophosphate, (C) alkalinity, turbidity and dissolved oxygen, and (D) pH,

salinity and conductivity in water in Blackbird Creek on inn coming and

outgoing tides. Error bars represent standard error around the mean.

FIGURE 3 | Mean concentration of: (A) ammonia, nitrite, orthophosphate, and

dissolved oxygen, (B) temperature and salinity, (C) alkalinity, and (D) turbidity

across agriculture seasons (Planting: May-June; Growth: July-August;

Harvesting: September-November) in 2015. Error bars represent standard

error around the mean.
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the tidal structure at the time of collection. Nearly all of the
measurements of lower dissolved oxygen were recorded at or
near low slack tide, when movement of water was minimal. The
extreme lows were recorded when readings were taken at low
tide and mid-day during the peak summer months (Figure 3).
Higher temperature water is not capable of holding as much
dissolved oxygen as cooler water and standing water does not
afford the opportunity of direct injection of oxygen from the
air-water interface via wave action (Falkowski and Raven, 2007).
However, most readings were taken when the tide was in flux,
thus providing for appropriate ecological DO levels.

The buffering capacity of Blackbird Creek was high. The pH
fluctuated little throughout the entire study period, and was an
appropriate brackish water level, with a mean of 7.18 ± 0.3
SD. The high alkalinity values throughout the watershed were
responsible for this, whereby the mean was 87.76mg L−1 CaCO3

± 23.71 SD, suitable to sustain aquatic life and retain the pH
levels between agricultural seasons and treatments (Figure 3).

While it was likely that most of the contribution to alkalinity
levels is from the carbonate and bicarbonate levels, some of
the contribution may be from phosphates (Millero, 1996).
Blackbird Creek had elevated levels of orthophosphate, according
to the DNREC protocol outlined in 2006 (DNREC, 2006),
where the maximum total phosphorous concentration in the
system should not exceed 0.2mg L−1. The data collected in
this project revealed orthophosphate levels between 0.16 and
1.02mg L−1 (Figure 3).Orthophosphate (or simply phosphate)
represents the form that is most readily available for plant uptakes
and typically enters the waterway by way of runoff of eroded
soil from land (Pagliari et al., 2017). While the values were
generally elevated, there was no suggestion in the data products
that phosphate concentrations were influenced by agricultural
practices. There were only significant seasonal differences, which
seems to represent typical phosphorous cycling, with a reduction
during the growth season due to plant uptake followed by an
increase in aquatic phosphate in the harvesting season when
plants die and phosphate is re-mineralized into the soil (Correll,
1998). The elevated concentrations were possibly evident due to
the nature of tidal systems in general, whereby incoming and
outgoing tides continually erode the creek’s channel, which could
be responsible for both increased turbidity and, by extension,
increased phosphorous from upstream shorelines.

The surface water nitrogen parameters that were included
in this project were nitrate, nitrite, and ammonia. Nitrite
concentrations proved to be extremely low for most of the
sampling season and between the sites in regards to land
uses never measured >0.08mg L−1 (Figure 3). Given that the
acceptable level from the EPA is 1.0mg NO2 L−1, there is no
concern with the nitrite concentrations in Blackbird Creek at
present time.

Nitrate concentrations were also well below the EPA-
designated maximum contaminant level of 10m L−1 (USEPA,
2013). The highest recorded level in Blackbird Creek was
recorded once where there was no riparian buffer in place
to prevent runoff of contaminants—the only known part of
Blackbird Creek. Previous research at BBC by Roeske (2013)
suggested that a crop field near the location where this sample

was extracted grew corn in 2013. In 2014, the field ran fallow.
It may be suggested that legacy nutrients, which were not used
by crops in 2013, were then able to run into the waterway early
in the season. Never after this sampling date were nitrate values
>1.41mg L−1 (Stone, 2016). Nevertheless, it cannot be ignored
that there were increased nitrate levels, which proved to be
significant between cropland and forested wetland.

The final parameter of interest was ammonia. The levels
were low (0.09mg L−1 ± 0.043 SD). There is no EPA-
designated standard contaminant level for ammonia, but it was
recommended by EPA in 2013 that 1.9mg L−1 should be the
maximum contaminant level to sustain aquatic life (USEPA,
2013). There was a significant difference in ammonia levels
between seasons for both data sets, suggesting that there may
be some impact on the parameter by agricultural use (Figure 3).
However, because there is no difference between sites in relation
to % agriculture uses, this is unlikely.

Flyover aerial images of the Blackbird Creek Watershed
obtained by Roeske (2013) showed some agricultural land
cover in close proximity to the creek with limited vegetative
buffers to the creek banks. Department of Natural Resource and
Environmental Control (DNREC Delaware National Estuarine
Research Reserve (DNERR), 2007) identified restoration needs
and opportunities for forests as the riparian buffer restoration
to augment poorly buffered corridors in terms of width and
composition. As they stated in their report, both water quality
and habitat connectivity are affected by their current condition.

The seasonal variability of the nitrogen parameters in
general may be more likely attributable to tidal creek geo-
hydrodynamics and microbial nitrification and denitrification
processes. Concomitant research in Blackbird Creek identified
several nitrogen-fixing bacteria that influence nitrogen species
concentrations, including Nitrosomas and Rhizobium (Ozbay
et al., 2014). Several studies have shown that microbial
concentrations and associated nitrogen-fixation processes
fluctuate seasonally (i.e., Biesboer, 1984; Ravikumar et al.,
2012). Bacteria tend to be greatest in number at the height
of the growing season. Because the population is increased,
there is greater potential for mediating the nitrification and
denitrification processes and reducing concentrations of
ammonia and nitrate in surface waters, especially at the soil-
water interface. Thus, even if there were some excess runoff from
cropland (which was not proven in statistical analysis), much of
that would be taken up by these bacteria for their consumptive
and regulatory processes, a phenomenon would might explain
the seasonal variation in nitrogen variables in Blackbird Creek
without any significance between sites in relation to % agriculture
uses.

Based on our study, Blackbird Creek does not appear to be
influenced by the agriculture land cover. Orthophosphate values
were greater than the EPA-recommended maximum, but it is
unlikely that this is due to agricultural land use because there
were no differences between the sites in relation to percentage
agriculture uses. It is more likely that the phosphate was high due
to tidal scouring, a natural component of a tidal creek.

Turbidity values were elevated in the system, but that was
to be expected for a Mid-Atlantic tidal creek and was probably
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not attributable to erosion of soil from modified land. Indeed,
this reflects the results from the National Estuarine Research
Reserve data synthesis report, where it was shown that in areas
of intermediate salinity, turbidity was generally elevated (Brush
et al., 2007).

CONCLUSION

In a unidirectional waterway, elevated nutrients may be
compared only to another entire watershed in order to ascertain
whether there is excessive runoff from agricultural fields. In
this instance, a second waterway is not needed, as it exists
within itself if a researcher were to wait 6 h or so for the
tide to shift. The elevated values for these several nutrients on
outgoing tides suggest that there is runoff from the upstream
croplands, especially given that those values are lower on
incoming tides, which represent water from the Delaware
Bay. While there may be higher values on outgoing tides,
the flushing rate of the system is quite fast, so there is no
evidence to suggest that the waterway is being “polluted.”
With the intermittent exception of orthophosphate, all values
on both tides fall below the requirements set forth by the
EPA.

Per our assessment based on our research findings, the
riparian buffer system that was in place in Blackbird Creek
appeared to be working efficiently as an appropriate nutrient
management practice by disallowing runoff of contaminants into
the waterway.
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