
Agriculture has been identified as a pri-
mary contributor of nutrient associated
water quality problems in the United
States (US Environmental Protection
Agency [USEPA] 1998). Phosphorus losses
fioiii agricultural sources have been reported
to induce eutrophication of fresh water lakes
and reservoirs, including the Great Lakes
(Daniel et al. 1994; Sharpley et al. 1994;
Richards et al. 2002). Nitrogen losses from
agriculture have been associated with water
quality problems in estuaries and the Gulf of
Mexico (Rahalais et al. 2001 Greening and
Janacki 2006). The zone of hypoxia in the
Gulf of Mexico has been linked to NO-N
inputs from the Mississippi River Basin with
the greatest losses of N coining from water-
sheds draining Iowa. Illinois, Indiana. and
Ohio (Goolsby et al. 2001).

Row crop agriculture is the prevalent
land-use in much of the Midwestern United
States. This region is home to sonic of the
most productive soils in the world, thanks in
part to the highly fertile mollisols and alfi-
sols derived mostly from Wisconsinan glacial

till (Richards et al. 20802). To sustain their
productivity, many of these glacial till soils
are drained with subsurface tiles that con-
vey water to managed drainage ditches (see
Smith and Pappas 2007). For much of the
Midwestern United States, tile-fed drainage
ditches act as headwater streams to naturally
occurring second and third order streams
or rivers. Many of these drainage ditches
were constructed in the niid- to late-1800s
(David et al. 1997; Richards et al. 2002).
Construction and iiiaintenance of these
svstenis have altered hydrology and unpacted
contaminant transport (Smith et al. 21)I(6h;
Pappas and Smith 2007; Snuth and Pappas
2007).

Northeast Indiana is dominated by .m
pothole landscape, in which many closed
depressions are scattered throughout a catch-
nient. Potholes located up to 5-km (3. 1-no)
away from a drainage ditch are farmed as
long as a combination of snrfimce and sub-
surface drainage can be used to sutumcientiv
remove excess water during the growing
season. Quantifying hydrologic and containi-

nant transport flow paths is very difficult due
to alterations of this landscape in the form of
surface and subsurface drainage.

Two conservation practices have been
implemented in Northern Indiana to reduce
sediment and nutrient transport to surface
water. During the last twent y years, there
has been a great focus on trying to get farm-
ers to use no-tillage when planting crops. In
Northern Indiana, the most conimon prac-
tices are to no-tillage plant soybean (Glycine
iuni.V IL.] Merr.) into corn (Zea mays L.)
residue, but there is generally some type of
disturbance prior to planting corn. In 2)1(4,
28% of corn and 82% of soybean were
planted using no-tillage in DeKalh Count
Indiana (Indiana Departnient of Natural
Resources 2004), where our monitored sites
are located. The second primary conserva-
tion practice that has been unpleinentcd
in Northeast Indiana is buffer strips near
drainage ditches. Most of the drainage ditches
and natural streams have vegetative buffer
strips (VIN) or forested buffer strips (F13Ss)
on both sides.

Several studies have focused on cootalni-
nant fate and transport in the Midwestern
United States. However, gaps still exist in our
knowledge of contaminant fate and trans-
port in the prairie pothole landscapes. Our
objectives were to assess sonic of the corn-
nioti conservation practices, such as VBSS
and use of no-tillage, on nutrient transport
in the St.Joseph River watershed. Secondary
objectives included evaluating the influence
of (I) the tile-drained pothole topogra-
phy, (2) ditch geoniorphology (3) climatic
conditions, and (4) cropping systems and
land-use on hvdrolosv and nutrient fate
and transport.

Material.s and Methods
Site Description. This study was conducted
within the Cedar Creek subwatershed of the
Sr. Joseph River watershed that flows from
southern Michigan, through northwest Ohio.
and into i iorth cust Indiana (figure 1). TIn
St. _101C1111 Riser u rOe drinking waler nuicc
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Notes: Map shows the drainage patterns to the drainage ditches and highlights the pothole
depressions. These watersheds are located in the St. Joseph River watershed within
northeastern Indiana. Drainage classes are defined as direct drainage in which surface runoff
would be expected to be transported directly to the ditch, indirect drainage in which the digital
elevation models show no direct access for runoff to reach the drainage ditch, indeterminate
in which the flowpaths generated by the DEM flow neither towards the ditch located within
the marked watershed nor toward the drainage ditch in the adjacent watershed, and closed
depression where there would be no runoff moving from the low area to adjacent cells outside
the closed depression.

Figure i
Map showing location of sampling sites within the A and C watersheds.

for the 250.000 residents of Ft. Wayne,
Indiana, and surrounding areas. The Cedar
Creek subwatershcd represents 71,000 ha
(175,001) ac). or 25% of the 281,000 ha
(694,000 ac) St.Joseph River watershed.

The soils are predominately mollisols
and alfisols derived from glacial till. The
most conunon soil series within our study
area are Blount silt barns (fine, illitic, inesic,
Acne Epiaqualfs), Pewaino silty clays (fine,
Mixed. active, mesic Typic Argiaquaolls) And
Glvnwood barns (fine, illitic, inesic Aquic
Hapludalfs). The humid climate combined
with the slow permeabilit y of the soils and
the pothole topography require the extensive
use of subsurface tile drainage. The subsur-
face tiles are typically installed at a depth of
approxinlatel) 0.9 iii (3 ft), and convey water
to deep (>2-in [>6.2-fr]) drainage ditches,
Which are tied into natural streams and/or
rivers

Two tile-fed drainage ditches (A and C)
'\ere selected for studying nutrient transport

within the subwatershed (figure 1). For ditch
A, three sites were monitored: AME drain-
ing 298 ha (736 ac), ALG draining 1.930
ha (4.780 ac), and AXL draining 4,300 ha
(10,600 ac). Within ditch C, two sites were
monitored: CME draining 373 ha (921
ac), and CLG draining 1,380 ha (3,410 ac).
Monitoring began at the ALG and AXL sites
in 2002, and the AME, CME, and CLG sites
began to he monitored in 2003.

Both the A and C ditches conveyed water
directly to Cedar Creek. Approximately 60%
of the land within each watershed was in row
crop agriculture, including corn, soybean,
wheat (Triticii,n wsfiuiii,i), or oats (At'ena
satiea).The dominant crop sequence is corn-
soybean in an annual rotation. Approximately
20% of the Cedar Creek watershed is planted
annually to hay (including perennial grasses
and alfalfa [Medicao satica]), while roughly
13% of the area is forested. There is only one
confined animal feeding operation in the
study area; however, there are many small

hobby farms with less than five animal units
distributed throughout the contributing
areas to both ditches. Nutrients are primarily
applied as inorganic fertilizers. Less than 5%
of cropland receives manure (cattle manure
or poultry litter) applied at a rate for crop
N uptake. Ditch C drains runoff froni the
southern one-third of the small town of
Waterloo, Indiana.

Estimating Surface Runoff Flou'pths. A
digital elevation model (DEM) with 1.5-111
by 1.3-n-i (5-ft by 5-ft) grid cell size, a 1.5 in
horizontal accuracy and a 1.8-in (6-ft) verti-
cal accuracy was obtained from the Indiana
University GIS Resources Web Portal (2007).
Froni this DEM, surface runoff flowpaths
were determined using the Basin. Fill, Snap
Pour Point, and Sink Spatial Analyst Tools
in ESRI ArcGIS V9. 1. This analysis catego-
rized the catchinent into three categories:
(1) direct drainage, where water would he
expected to flow directly into the ditch from
adjacent fields; (2) indirect drainage, where
there were no flow paths that would permit
water to flow directly to the ditch; and (3)
indeterminate drainage, which were from
portions along the periphery of the water-
shed boundary and there were no direct
flow paths toward the monitored ditch, nor
toward the ditch in the adjacent watershed.
Furthermore, potholes were determined
based on the area within the DEM that
had no drainage outlet, and the low point
of these depressions was also determined.
We know from our observations throughout
the watershed that many of these potholes
are drained with a combination of surface
and subsurface drainage. We therefore set
potholes as a fourth drainage category based
on the DEM.

Estimating Buffer Strips Along Ditches.
A high-resolution, color, infrared digital
orthophotograph for the year of 2005 with
a resolution of 45 cm (18 in) was obtained
from the Indiana Geographic Information
Council (2008) to estimateVBS along ditches.
An unsupervised classification using ERDAS
Imagine was performed with the following
categories: agriculture, pasture, forest, urban,
water and VBS. The forest and pasture veg-
etation classes along the streams and ditches
were considered as buffered areas while the
other land cover classes were considered as
no-buffer area. The VBS were reclassified as
grass buffer strips and FBS. The percentage
of the total stream length that is buffered was
estimated using ArcGIS 9.1.
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Locating Conservation Practices in the
Watershed. In May 2006 and May 2007,
windshield surveys, also known as tillage
transects, were conducted by local USDA
Natural Resources Conservation Service
and Soil and Water Conservation District
personnel to determine the location of
conservation practices in the watersheds
(Greg Lake, Allen County Soil and Water
Conservation District, personal commu-
nication). Points were located at each field
adjacent to public roads in the watersheds.
Personnel recorded the presence or absence
of ephemeral gullies, previous crop, current
crop, residue cover, and tillage operations in
the fields. Residue cover was categorized
into one of six categories: 0%, 0% to 15%,
16% to 30%,31% to 50%,51% to 75%. and
76% to 100%. Tillage was also reported as
one of five categories: conventional tillage;
mulch tillage: reduced tillage; no-tillage; and
N/A. The N/A category for tillage cor-
responded to areas that were cropped to
hay, Conservation Reserve Program, fallow,
pasture, or trees.

Water Quality Sampling and Analysis.
Water samples were collected using Isco
6712 autosamplers (Isco Inc., Lincoln,
Nebraska). Ditch stage was continuously
recorded using ISCO 720 level transduc-
ers from 2002 to 2005, and flow velocity
iing ISCO 2150 AVF Doppler velocity
ciisors have been used since 2006. Due
o concerns with damage to the autosam-

:lcrs during freezing weather, autosamplers
\\ere installed at the field sites around late-
\larch each year and were removed around
c.irly to mid-November. For the purposes
f this paper, data from 2002 to 2007 were

toed. The monitoring periods for this study
o ere: May 31 to October 18, 2002; April 12
o October 31, 2003; April 6 to November
14, 2004; March 31 to November 13. 2005;
\iarch 27 to November 14,2006; and March
21 to November 13, 2007. Autosamplers
were cooled daily with ice during 2002 and
2(()3 and to 4°C (39°F) with a thermnostati-
,dly controlled chiller built at our laboratory

<arting in the 2004 collection season.
A daily sampling protocol was used at the

ditch sites (AMP, ALG, AXL, CME and
:LG) to collect one composite sample (3(10

oiL [10.1 11 oz l) for each 24-hour period.
Under this protocol, 50 niL (1.69 fl oz)
o crc collected every 4 hours, regardless of
lianges in ditch flow. Ditch stage at each

or oo	'nLj	0 IUHUrr r!nusil;-

out monitoring. In 2002, four of the 300
mL (10.1 fl oz) sample bottles were compos-
ited into one 1,200 mL (40.4 fl oz) sample
representing four days of flow. Starting in
the 2003 sampling period, each 300 mL
(10.1 fl oz) bottle was analyzed as a daily
composite sample.

Upon collection from the autosampler,
water samples were refrigerated to 4°C
(39°F).A subsample was poured off into a 60
mL (2.03 fl oz) bottle for later digestion.A 20
rnL (0.68 oz) aliquot was filtered (0.45 jam
[0.000018 in]) and acidified to pH <2 with
concentrated H,SO 4 . After initial process-
ing and transport to the laboratory, samples
were frozen until analyses were performed.
All nutrient analyses were conducted col-
orimnetrically with a Konelab Aqua 20 (EST
Analytical, Medina, Ohio). Nitrate (N05-N),
ammnoniuni (NH,-N) and soluble P (SP) were
analyzed on the filtered acidified samples.
Nitrate-N was analyzed using the USEPA
method 353,1 (USEPA 1983). Ammonium-
N was analyzed using the USEPA method
350.1 (USEPA 1983). Soluble P was analyzed
using USEPA method 365.2 (USEPA 1983).
Total Kjehldahl N (TKN) andTotal Kjehldahl
P (TP) were analyzed using USEPA method
351.2 for TKN and USEPA method 365.4
for TP (USEPA 1983) after mercuric sulfate
digestion of the unfiltered samples.

Data Analysis. Daily mass losses
(DML, units of mg) were calculated using
equation 1:

DML = CXQ.,	 (1)

where C is the concentration (mg L-1 ) for
a given sample, and Q is the discharge (L)
for that sample. Flow weighted mean nutri-
ent concentrations (C,, ,,, ing L°) were
calculated using equation 2:

C F ,\j = (DML)/(Q),	 (2)

where (DML) is the suns of all the DML
(mug) for the monitoring period, and (Q) is
the sum of the discharge for the monitoring
period. Nutrient loads (NL, kg ha') for each
monitoring period were calculated as follows:

NL = (DML/l0)/WA,	 (3)

where 1 0" is used to convert lions mg to kg,
and WA is the watershed area (ha).

Data were statisticall y analyzed using
i1Jti(IC	irCIc	'0	11001,'	I ) 11	ii

DEM analysis for drainage category, land
use/land cover, tillage transects, and con-
servation practice placement were used
as independent datasets. Each dataset was
regressed against discharge, flow-weighted
mean nutrient concentrations, and nutrient
loads using Proc Stepwise in SAS ver-
sion 8.0 (SAS Institute 1999). We chose to
conduct these stepwise regression analyses
independently because the data sets are
from different time periods and also cover
different percentages of the watershed. For
example, the images used for land use/land
cover were adequate for approximately 95%
to 99% of the watershed in 2004 and 2006;
however clouds prevented any data collec-
tion in 2005. The tillage transect data was
only sufficient to cover 50% to 70% of the
watershed, and were conducted for the 2006
and 2007 cropping years. Thus water qual-
ity data from 2004 and 2006 were regressed
against the land use/land cover data, while
water quality data from 2006 and 2007 were
regressed against the tillage transect data.

Results and Discussion
Pothole Landscape. The flat pothole topog-
raphy of this region results in relatively
small portions of the landscape contributing
direct runoff to the drainage ditches. Figure
1 shows an analysis of potential pathways
for surface runoff water to he conveyed to
the drainage ditches based on the DEM.
For the entire area monitored in the Cedar
Creek subwatershed, 56% of the area is
indirectly drained (presumably by subsur-
face tile drainage), and 27% of the area is
classified under the direct drainage category.
However, surface runoff water from much
of the direct drainage area does not reach
the ditch due to ponding behind berms on
the ditch banks resulting from construction
and maintenance activities.

There are more than 700 potholes or
closed depressions in the monitored area,
representing approximately 12% of the
A and C watersheds (figure 1). If they are
farmed, these potholes are drained by one
of three methods. The primary method is
a surface riser located in the pothole that
drains the ponded surface water, basically
shunting the water directly to the drain-
age ditch. The second method is to use a
French drain or blind inlet. This method
imbeds drainage pipe below the soil surfhce
in coarse sand or gravel to allow for some

Iso	'1 ,ioJ,d o,jl. I he th;s-,J	;irth'I.
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Table i
Ditch length, and length of buffered ditch for the A and C ditches used in this study.

Total	 Width (m)
Variable	 (km)	(%)	Maximum	Minimum

Vegetated and Forested Buffers. More than
75% of ditch A and 60% of ditch C had
eitherVBS or FI3S between the adjacent field
and the drainage ditch based on the analysis
of the digital image (table 1). Grass buffers
ranged from 5 to 26 in (16 to 85 ft) wide
on ditch A, and 8 to 25 n (26 to 82 ft) on
ditch C. Forested buffer strips were typically
>30 in (>100 it) width. However, a few were

Figure 2
Cumulative daily precipitation and ditch stage for a runoff event showing two distinct
hydrograph responses for a single storm.

Ditch A
Stream length	 15.9
Total vegetative buffer strip	12.4
Grass buffer	 4.15
Forest buffer	 8.20

Ditch C
Stream length	 13.0
Total vegetative buffer strip	7.81
Grass buffer	 4.19
Forest buffer	 3.63

1.0

0.8

E

.	0.6
C.,
4-.

0.4

0.2

and likely the least common method used
is to install subsurface tiles around the cir-
cuiitfereiice of the area typically ponded to
ensure adequate subsurfitce drainage exists
to Convey the water from the pothole. This
Method is more or less just an increase in
the subsurface drainage density to remove
the Water more rapidly than the standard
Spacing of subsurface tile drains.

found to only be as wide as 6 m (20 ft). This
assessment does not take into account areas
where a field cropped to grasses or home
lawns are adjacent to the drainage ditches.
The values in table 1 would be even higher if
those categories of land-use were included.

One of the primary reasons VBS are
placed near streams is to provide art area for
deposition of sediments and removal of sus-
pended or dissolved chemical contaminants.
For a VBS to perform this function, there
must be a hydrologic connection for sur-
face runoff between the adjacent field and
the receiving stream. In constructed and
managed waterways there may he no direct
hydrologic connection, as construction and/
or maintenance activities can lead to depos-
iting sediments along the upper bank of the
ditch. When these sediments are not prop-
erly removed they form a berm that greatly
diminishes the transport of water from
adjacent fields to the drainage ditches. To
estimate the length of ditch that can receive
water from adjacent fields, 108 transects along
a 1 km (0.6 nii) reach of the A and C ditches
were manually surveyed using a Trimble
RTK GPS unit with a vertical accuracy of
±2 cm (±0.8 in). Berming was observed for
93% of these transects resulting from original
construction or later dredging activities in
watershed A and in 87% of the transects in
watershed C. Since the resolution and accu-
racy of elevation for these transects is much
greater than that of the DEM used to gener-
ate figure 1, the analysis of flow paths from
the DEM likely overestimates the relative
amount of the watershed classified as directly
draining into the drainage ditches.

The transect surveys also revealed the
installation of tile risers or culverts to shunt
water into the ditch when ponded behind
the berm. There would be some filtering
effect where a riser was placed in the VBS,
but the full effect of the VBS would not he
realized in the circumstances where a tile
riser is placed 6 ni (20 ft) from the ditch bank
within a 12 in (40 ft) buffer. Furthermore, the
effectiveness of the VBS would he reduced
if concentrated flow occurred, since VBS
are most effective at removing contaminants
froni sheet flow.

Analysis ofstorm hydrographs often shows
two distinct regions typified by figure 2.This
most often happened on the tail end of the
hydrograph response to a previous storm.
Figure 2 shows a hydrograph response that
occurred approximately 30 minutes after the

77%
26%	26	5
51%	>30	6

60%
32%	25	8
28%	>30	8

7/14/06 0:00	7/15/06 0:00	7/16/06 0:00	7/17/06 0:00
Date and time
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Table 2
Mean monthly precipitation from a rain gauge with a 64-year record located in Waterloo,
Indiana, and from the rain gauges located in the study area for the period of 2003 to 2006.

end of this storm. The broader hydrograph
peak observed did not occur until nearly
17 hours after the end of the storm. The
initial peak (30 minutes after end of storm)
was predominantly the result of direct storm
runoff from road side ditches, tile risers
located in the potholes, and adjacent fields.
Given the potential for runoff from adjacent
fields not entering the drainage ditch due
to local microtopography, the most likely
sources of this portion of the hydrograph
were the roadside ditches and tile risers. The
latter peak in the hydrograph is most likely
a response to subsurface tile flows into the
ditch. Given the complex hydrology in this
region, careful attention must be paid not
only to farming and conservation practices
in fields adjacent to drainage ditches but
to the management of potholes that are
geographically isolated from the ditch yet
hydrologically connected.

We would like to emphasize that while
the VBS may not be directly playing a role in
filtering sediments and other contaminants
in runoff water from adjacent fields, they
still play an invaluable role in minimizing
contamination to ditch water. These buffers
serve as natural setbacks during pesticide
and fertilizer applications. Furthermore,
they are habitat for wildlife. In a study of
buffered and unbuffered streams, Muenz
et al. (2006) found that more invertebrates
and anspliihiari taxa considered "sensitive"
to degraded water quality were found at
the buffered sites than the unbuffered sites.
While the land owners may have originally
been paid for planting these buffers to fil-
ter runoff water, we believe that their role
as setbacks and wildlife habitat are just as
important, if not more so.

Watershed Hydrology. Monthly precipita-
tion from the National Climate Data Center
Waterloo station with a 64-year record and
from the AXL site during the study period
are presented in table 2. Mean annual pre-
cipitation for the 64-year record was 907

111 (35.7 in), while the mean precipitation
from April through November (general time
frame of water quality sampling each year)
was 676 mm (26.6 in). Over the long-term,
the monthly precipitation typically peaks in
May with 98 mm (3.86 in) of precipitation.
From 2002 to 2006, precipitation was great-
est in July with a monthly average of 137
mm (5.39 in) for the five year period.

Generally speaking, larger watersheds pro-
duce greater discharge on an aerial basis (table

January	50
February	47
March	72
April	 90	 56
May	 98	 98
June	96	 59
July	 91	 167
August	84	 84
September	78	 136
October	67	 47
November	72	 53
December	62

Discharge (L s1)

AME
ALG
AXL
CMEL CLG

3). When one moves through the ditch con-
tinuum, (i.e., A.tvlE to ALG to AXL) there are
portions of the smaller watershed in which
tile drainage water is directed into the ditch
but downstream of the sampling site. For
example, some subsurface tile drains located
within the AME watershed have a tile outlet
(i.e., conveying water into the ditch) that is
located downstream from the AME sampler.
This is especially true for the areas near the
watershed boundaries.

Nutrient Concentrations in Agricultural
Drainage Ditches. Flow-weighted niean
concentrations of NH,-N, NO-N, TKN,
and SP generally increased in drainage
ditch water as that water flowed through
the ditch continuum (table 4). From 2003
to 2005, flow weighted mean TP concen-
trations increased between the CME and
CLG sites. With the exception of 2004,
flow-weighted mean concentrations of TP
were greater at the AME site than both the
ALG and AXL sites.

2005	2006	2007

	

3	27	38	72

	

166	44	114	16

	

91	52	64	41

	

133	153	144	88

	

81	25	79	194

	

29	79	35	24

	

29	5	101	53

	

56	78	72	84

	

2005	2006	2007

	

463	647	572

	

43	154	68

	

86	342	219

	

274	254	141

	

6	368	184

	

145	226	173

There was typically a seasonal trend in
NO ;_N concentration found in drainage
ditch water. Concentrations of NO-N are
greater in the spring, after planting, than the
remainder of the year, particularly in wet-
ter years (figue 3a). The maximum NO-N
concentrations observed during 2004 were
20.6 mg L (ppm) on May 11 at AXL and
16.6 mg L on May 10 atALG.This trend is
less pronounced in dry years. For example.
in 2005 N0 1-N concentrations tended to
he lower than those observed in 2004 (fig-
ure 3b) The maximum concentration during
the 2005 monitoring period was 12.4 nig
(0.00044 oz) NO.-N L-' on June 13 from
the AXL site. Since 2005 was the drier year.
there was less water available to mobilize
NO 3-N into the drainage ditch network and
therefore lower N0 1-N concentrations in
the water column for 2005 than 2004.

Morgan et al. (2006) reported NO-N
concentrations of 5.5 to 8.8 ing L for an
agricultural watershed in Illinois. Mean NO-

Mean monthly precipitation (mm)

Month	Lone term	2003	2004

65
	

103
26
	

71
	

146
33
	

243	35-7
117
	

178
213	299

Table 3
Precipitation and discharge recorded during the monitoring periods for selected watersheds
from 2002 to 2006.

2002	2003	2004

Precipitation (mm) 321	700	588
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p
Tablet
Flow-weighted mean nutrient concentrations in runoff or ditch water from each watershed for
the monitoring periods during the years 2002 through 2006.

NH 4-N	NO3-N	TKN	SP	 TP
(mg L- 1)	(mg L-')	(mg L 1 )	(mg L 1)	(mg L-1)

2002
ALG	0.06	0.93
AXL	0.10	1.56

2003
AME	0.01	0.58

ALG	0.06	2.57

AXL	0.05	1.85

CME	0.01	0.08

CLG	0.03	0.64

2004
AME	0.18	1.49
ALG	0.27	4.51
AXL	 0.36	4.52

CME	0.33	2.71

CLG	0.22	2.56

2005
AME	0.12	1.06

ALG	0.14	1.87

AXL	 0.22	2.59

CME	0.17	0.82
CLG	0.51	1.23

2006
AME	0.21	2.78

ALG	0.24	5.62
AXL	0.32	6.55

CME	0.23	2.93

CLG	0.30	4.01
2007

AME	0.27	3.21

ALG	0.21	3.21

AXL	 0.29	4.50

CME	. 0.28	2.26

CLG	0.27	3.00

N concentrations for agricultural ditches in
Minnesota have been reported to be approxi-
mately 20 nig L-' (Scrock et al. 2007). Nitrate
concentrations in agricultural watersheds of
the Coastal Plains have been reported in the
range of 0.6 to 6.0 mg L' (Lowrance et al.
2007; Schmidt et al. 2007). Flow-weighted
illean concentrations of NO,-N observed in
samples from the ditches in Indiana appears
to be lower than what have been observed
in agricultural watersheds monitored in
IOWa (Cambardella et al. 1999; Jaynes et al.
P)')'); Tonser et al. 2003). These studies from
Iowa indicated that N 0-N concentrations
were often above the 10 mg L drink-
ing water standard, especially between May

1.89	0.007	0.202

2.36	0.028	0.175

0.88	0.002	0.544

1.32	0.008	0.407

1.17	0.020	0.260

1.56	0.003	0.292

1.80	0.025	0.816

0.87	0.042	0.215

1.52	0.047	0.242

1.49	0.101	0.319
2.19	0.089	0.371

2.86	0.156	0.508

0.70	0.017	0.195

1.22	0.013	0.131

0.93	0.045	0.143

1.98	0.033	0.243

1.23	0.122	0.267

1.19	0.033	0.411

1.36	0.045	0.169

1.32	0.098	0.234

1.95	0.052	0.300

1.27	0.175	0.285

2.26	0.034	0.853

1.67	0.026	0.278
1.46	0.066	0.244

3.88	0.099	1.68

1.72	0.221	0.492

and July. While this is the period where we
observe elevated NO-N concentrations,
the concentrations in the Northeast Indiana
watersheds rarely exceed 10 nag L after
June 1. The NO-N concentrations from the
current study appear to he flashier than those
reported in Iowa (Canibardella et al. 1999;
Jaynes et al. 1999; Tonier et al. 2003); how-
ever they do appear to be consistent with
trends in NO -N concentrations from Great
Lakes watersheds (Richards et al. 2001).

There are several potential reasons why
we observed lower NO3 -Nconcentrations
than those observed in Iowa (Cambardella
et al. 1999; Jaynes et al. 1999; Toiner et al.
2003). The primary reason is the time in

which our observations were made, com-
pared with those from Iowa (1992 to 2000).
In a study of N0 5-N losses from subsurface
drainage tile from 1988 to 2000, Kladivko
et al. (2004) observed a significant decrease
in N 0-N concentrations and loads between
1988 and 2000. These decreases in NOOR-N
concentrations were attributed to changes in
production practices (changing from contin-
uous corn to corn soybean as well as inclusion
of a winter cover crop), and a decrease in
the N fertilization rates used (from approx-
imately 300 kg ha [267 lb ac -'] to about
205 kg ha [183 lb ac during years when
corn was planted). It has been predicted
that climate change, and more specifically
the greater frequency of storms, may result
in greater discharge and runoff with time
(Hatfield and Prueger 2004).This hypothesis
seems to have been confirmed for NO-N
by Moog and Whiting (2002) in all
of 20 years worth of discharge and contanli-
nant losses in the Maumee and Sandusky
River watersheds. Geology,hydrology, and
climate seem to be similar between the Iowa
watersheds; however the Walnut Creek
watershed in Iowa had slightly more corn
and soybean acreage oil relative basis than
the monitored area within the St. Joseph
River watershed (80% and 62%, respec-
tively) (Cambardella et al. 1999; Eidem et al.
1999; 1-latfield et al. 1999;Jaynes et al. 1999;
Tomer et al. 2003). Additionally, there may
he lower rates of N fertilizer application in
the St. Joseph River watershed than Iowa's
Walnut Creek watershed. Hatfield et al.
(1999) reported mean application rates of N
to corn at approximately 153 kg ha (136 lb
ac), predominately as anhydrous ammonia
for Iowa. Data provided to us by producers
for 2002 to 2004 indicate all applica-
tion rate of approximately 134 kg ha (119
lb ac) in the monitored watersheds of the
St. Joseph River watershed, with urea
ammonium nitrate as the predominant fer-
tilizer source. The majority of N fertilizer
applications in the St. Joseph River water-
shed also occurred as split applications, with
a portion put down before or at the time
of planting, and another portion put down
about one month after planting.

Flow-weighted mean NH,-N concentra-
tions ranged from 0.01 to ((.5 mg L, while
flow-weighted mean TKN concentrations
ranged from 0.7 to 3.9 nag L' (table 4).
Reports of NH-N and TKN concentra-
tions from a Coastal Plain watershed gave

JOURNAL OF SOIL AND WATER CONSERVATION	 -	 NOV/DEC 2008-VOL. 63. NO. 6	1 401

_Mg^



.

Figure 3
Nitrate-nitrogen concentrations observed in water samples collected at selected watershed

raiite ot II 13 to 0 . 2 2 log NH -N L and	sites during the (a) 2004 and (b) 2005 monitoring periods.
1.22 to I . I lug TKN L (Lowrance et al.	

(a)2007). Morgan et al. (2006) reported NH 4- i

N concentrations of 0.02 to 0.06 mg L ' for	 25
agricultural watersheds in Illinois. In drain-
age ditches in Minnesota, a narrow range in
Nil -N concentrations of (1.11) to 0.16 nig
L' has been reported (Strock et al. 2007).	 20
In comparison to these other studies. NH 4-
N concentrations in water froni the ditches
in the St. Joseph River watershed appear
to be greater than from other regions of	E
the country.	 15

Phosphorus concentrations of 0.01 to
002 nig 1, are sufficient to induce eutro-
phication in surface water (Daniel et al.
1994; Heathwaite and Dils 2000). Twenty-
one of twenty-seven observations from the	0	10
St. Joseph River watershed study were at or	z
above this level (table 4). If one considers total
P instead of SP as the critical component for	Z
eutrophication, then all 27 observations were	 5greater than 002 mug TP L' (table 4).

In most cases, the greatest increase in
flow-weighted mean SP concentrations
between two sites was when comparing the
CME to the CLG site (table 4). There are	 0
several potential reasons for this. Between

4/23/04	6/12/04	8/1/04	9/20/04	11/9/04these two sites is the only confined animal
feeding operation in the monitored water-	(b)
shed. Just upstream of the CLG site, ditch	 25
C also drains a considerable portion of the
small town of Waterloo, Indiana and stir-
rounding area. Houses not connected to
the waste water treatment plant in Waterloo,	 20likely have septic systems that drain into
ditch C. Malfunctioning septic systems that
discharge wastewater effluent on the soil	L.i
surfitce or illegal septic systems that dis-
charge raw sewage into creeks and ditches	 15
are conitnon in northeastern Indiana (Taylor	0
et al. 1997). Soils in northeastern Indiana are
continonly derived from clay-loam till that
has a low hydraulic conductivity that is not
conducive to functioning and inexpensive	a	10

conventional septic system designs (Hart et
al. forthcoming).

Increasing watershed size also resulted
iii greater SP concentrations in watershed
A (table 4). It is well known that sediments
can have an important role in water column
nutrient concentrations (Klotz et al. 1988;
Trmska et al. 1994; House et al. 1995; Haggard
et al. 21)1)1: Royer et al. 2004). Previous work	 0in these watersheds has shown that this is
generally the case due to alterations in ditch	 4/8/05	5/28/05	7/17/05	9/5/05	10/25/05
cdjnicnr cllJr,lctcrjstjc'.. Sediment particle
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Figure 4
Soluble phosphorus concentrations observed in water samples collected at selected watershed
sites during the (a) 2004 and (b) 2005 monitoring periods.

(a)

size distributionss increase with iii creasl nt
watershed area (South et al. 2005).The edi-
mems in the upstream reaches of these ditches
are better able to buffer SP concentrations as
a result of greater specific surfice area and
biotic activity (Smith et al. 2005, 2006a).

Soluble P concentrations do not neces-
sarily show the seasonal trend that NO 3 -N
concentrations exhibit (figure 4). Instead.
spikes in SPSP concentrations are typically
associated with both small and large rainfall
events. This is evident when SP concentra-
tions are regressed against discharge (figure
5). The greatest concentrations from the
CLG site are associated with small runoff
events in late summer and early fall that
followed relatively dry periods. We hypoth-
esize that the spikes in concentration in the
fall coincide with runoff events after plant
senescence and a concomitant leaching of
SP from the plants. Leaching of P from plant
tissue does occur. For example, the total P
content of corn and soybean residue col-
lected at harvest in 2007 was 0.07% and
0.22%, respectively. In March 2008, corn and
soybean residue was collected from the sanie
fields, and the total P content was 0.03% and
0.16%, respectively,demonstrating the loss of
P from these residues.

The SP concentrations observed in the
A and C watersheds are similar to those
reported for larger watersheds (10,100 to
48,100 ha [24,900 to 119,000 ac]) with 86%
to 91% row crop agriculture and similar
topography in east central Illinois (Gentry et
al. 2007). However, in their study, Gentry et
al. (2007) did observe a slight seasonal trend
in SP and TP concentrations being greater
during lower flow periods. Flow weighted
SP concentrations from four sites in the
east central Illinois watershed ranged from
0.25 to 0.57 mg L, while flow weighted
SP concentrations of subsurface flow from
these same four sites were 0.086 to 0. 19 mg
L (Algoazany et a]. 2007). Our range of
SP concentration was from 0.002 to 0.221
mg L. with the majority of observations
lower than those of Algoazany et al. (2007).
This may indicate the predominance of sub-
surface tile drainage flow as a contributing
factor to ditch flows and also corroborate
the previously mentioned hypothesis of in-
stream removal of P. particularly at the AME
and CME sites. Soluble P concentrations in
Coastal Plain agricultural watersheds ranged
from 0.004 to 4.05 mg L' (Kleinman et al.
2007 Lowrance et al. 2007).

I!
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In four of the five years, TP concentra-
tions were lower in water collected from
the ALG site than the AME site (table 4).
This was likely a result of this ditch flowing
through an abandoned gravel pit between
these two sites. There was relatively little
change with respect to TP concentrations
when comparing the ALG to the AXL site
during most years.

Total P concentrations from five moni-
tored sites in the 3,340 ha (8,230 ac) Clear
Lake watershed of Iowa during the 1998 and
1999 hydrologic years ranged from 0.275
to 0.474 mg L' (Klatt et al. 2003), which
is within the range of observations for the
Sr.Joseph River watershed. For Coastal Plain
watersheds. TI> concentration ranges of 0.22
to 0.33 in,, L' have been reported in Georgia
(Lowrance et al. 2007), and 0.51 to 6.17 mg
L in Maryland (Kleinman et al. 2007).

Nutrient Loads. In every year except 2006,
all nutrient loads were greater from the larger
watersheds within each ditch (table 5). This
is a result of greater discharge per unit area
and generally greater concentrations froni
the larger watersheds. For the C watershed
in 2006 all nutrients except SP were lower
for the CLG site than the CME site.

Nitrate-N loads from ditch sites in the
St. Joseph River watershed were at the
lower end of the range of 7.6 to 57 kg
ha (6.8 to 50.8 lb ac') presented for three
larger watersheds (10,100 to 48,100 ha
[24.900 to 119,000 acj) in Illinois (Royer
et al. 2006). For Coastal Plain watersheds,
Lowrance et al. (2007) reported NOB-N
loads of 1.0 to 1.9 kg ha (0.9 to 1.7 lb
ac'), while Schniidt et al. (2007) reported a
range of NO 3-N loads of 1.8 to 33 kg ha'
(1.6 to 29 lb ac-'). Long-term average NO B-
N loads from the Walnut Creek watershed
were reported to he between 19 and 25 kg
ha' (17 to 22 lb ac) (Tomer et al. 2003).
Studying more sites in the Walnut Creek
between 1992 and 1995,Jaynes et al. (1999)
reported a range in NO-N loads of 4 to 83
kg ha' (3.6 to 74 lb ac'), but all of the high-
est loads (range of 51 to 83 kg ha' [45 to 74
lb ac']) occurred during the flood year of
1993. Excluding 1993, the range in NO-N
concentrations was 4 to 30 kg ha' (3.6 to
27 lb ac') Uaynes et al. 1999). Our observed
range in NO-N loads of 0.05 to 19 kg ha'
(0.04 to 17 lb ac) was generally in agree-
ment with what is reported in the literature.
The exceptions would be values at the lower
end of this range (i.e., <1.0 kg ha' [<0.9 lb

-1
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0
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0
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0.001
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ac'I), which were typically associated with
relatively low discharge.

The SP and TP loads were similar to those
reported for the larger Illinois watersheds
(<0.1 to 0.9 kg SP ha' [<0.09 to 0.8 lb
ac-1 ] and 0.2 to 2.1 kgTP ha [0.18 to 1.9
lb ac '[) (Royer et al. 2006). In Coastal Plain
watersheds of Georgia, SP loads ranged from
0.01 to 0.2 kg ha' (0.009 to 0.18 lb ac)
(Lowrance et al. 2007), while in the Coastal
Plain agricultural ditches in Maryland a
range in SP loads of 0.6 to 16.6 kg ha' (0.5
to 14.8 lb ac') was observed (Kleinnian et al.
2007). For these same Coastal Plains water-
sheds, TP loads were reported to he in the
range of 0.4 to 25 kg ha' (0.4 to 22.3 lb
ac') (Kleinman et al. 2007; Lowrance et al.
2007). In the Clear Lake watershed of Iowa,
TP loads ranged from 0.8 to 2.3 kg ha' (0.7
to 2 lb ac) (Klatt et al. 2003).

Froni the results of the nionitored ditches
in the St. Joseph River watershed, we see
the potential for greater influence from land
used for nonagriculture and animal produc-
tion on nutrient loading.This, in conjunction
with the complex pothole topography and

hydrology, further coniplicates the task of
quantitving agricultural conservation effects
at the watershed scale.

Influence of Land Use, Drainage Class,
and Conservation Practices on Nutrient
Transport. We used niultiple regression tech-
mqies as quick reference guides to evaluate
the impact of land use, drainage class, and
conservation practices on nutrient transport.
We used this technique as a simple and quick
way to assess the watershed.To truly evaluate
the influence of these variables on nutrient
fate and transport, we would need to use
more process based modeling techniques.

Discharge, nutrient concentrations, and
nutrient loads were regressed against water-
shed size and land-use for 2004 and 2006
(when complete land use data were avail-
able for the monitored watersheds) using
stepwise regression techniques (table 6).
Approximately 93% of the variability in
NO.,-N load was accounted for using these
techniques,with the total watershed area and
relative amounts of corn, forest and wheat
also being unpormant for predicting NO,-
N loads. In these alialyse, the coefficients

Figure 5
Soluble P concentrations in water from the ALG and CLG watersheds in 20011 regressed
against discharge.

10

ALG
•

1 ••
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Table 5
Nutrient loads from each watershed for the monitoring periods during the years 2002
through 2006.

NH.-N	NO3-N
(kg ha)	(kg ha-1)

2002
ALG	0.02	0.24

AXL	0.04	0.52

2003
AME	0.01	0.38

ALG	0.04	1.82

AXL	0.11	4.48

CME	0.01	0.09

CLG	0.05	1.37

2004

AME	0.20	1.58

ALG	0.39	6.56

AXL	1.29	16.3

CME	0.66	5.48

CLG	0.67	7.87

2005
AME	0.05	0.46

ALG	0.13	1.64

AXL	0.62	7.14

CME	0.01	0.05

CLG	0.23	1.84

2006
AME	0.32	4.28

ALG	0.82	19.2

AXL	0.80	16.6

CME	0.96	10.8

CLG	0.51	9.04

2007
AME	0.18	2.19

ALG	0.45	7.02

AXL	0.41	6.35

CME	0.52	4.16

CLG	0.46	5.19

for correlation were consistently positive
for watershed size and relative amounts of
corn or urban land-uses, while the coef-
ficients were found to be negative when
relative amounts of soybean and forest were
found to he significant predicting variables.
The direct correlation between area and
discharge, NH,-N concentration, NO-N
concentration, NH-N load, and NO3-N
load indicate an efIiet of scaling in these
watersheds.The scaling effect for NO-N is
reasonable, as denitrification rates in streams
(including agricultural streams) have been
Shown to be dependent on the organic
matter content of sediments (Inwood et al.
2005). In the agricultural drainage ditches

TKN	SP	TP
(kg ha- 1 )	(kg ha -1)	(kg ha-1)

0.48	0.002	0.052

0.79	0.009	0.058

0.58	0.001	0.355

0.94	0.006	0.289

2.84	0.048	0.631

1.83	0.004	0.342

3.83	0.053	1.74

0.92	0.044	0.227

2.21	0.069	0.352

5.39	0.365	1.15

4.43	0.180	0.748

8.77	0.481	1.56

0.31	0.007	0.085

1.07	0.012	0.115

2.57	0.125	0.395

0.12	0.002	0.015

1.83	0.181	0.398

1.83	0.051	0.632

4.66	0.154	0.577

3.34	0.250	0.494

7.18	0.190	1.11

2.87	0.394	0.642

1.54	0.023	0.582

3.66	0.058	0.609

2.07	0.093	0.345

7.13	0.182	3.08

2.99	0.382	0.852

of the St.Joseph River watershed, the larger
the contributing area, the less organic mat-
ter in the sediments (Smith et al. 2005). The
positive correlation of the relative amount
of corn with discharge,TKN concentration,
NH 1N load, N0 5-N load and TKN load
indicate the importance of intensive agri-
cultural management on nutrient transport
in these watersheds and further indicate
the need to find conservation practices to
address the elevated N losses associated
with corn production. The relative water-
shed area in urban land use was a significant
predictor of TKN and TP concentration.
None of these land uses were significant
predictors for SP concentration or SP load.

These results concur with results from
other studies. The relative amount of for-
est land in a watershed has been shown to
be negatively correlated with NO-N it)
streams (Herlihy et al. 1998; Haggard et al.
2003).Alexander et al. (2008a) reported that
land in corn production was directly related
to N concentrations and loads, while P in
the water column was most related with
confined annual feeding operations.

Discharge, nutrient concentrations, and
nutrient loads were also regressed against
the drainage classes as calculated in figure
I. The correlation coefficients for direct
drainage and potholes were positive for
nutrient concentrations and loads, whereas
indirect and indeterminate drainage classes
were negatively correlated with discharge,
nutrient concentrations, and nutrient loads
(table 7). In effect, assuming the potholes in
each watershed are drained with tile risers
or blind inlets, and assunnng the water from
the area listed as direct drainage is conveyed
to drainage ditches, then the results of these
regressions suggest that surface runoff iiiay
control nutrient concentrations and loads.

Results from land-use/land cover and
drainage class regressions may assist in the
future direction of practices designed to
minimize nutrient loads to watersheds. From
this assessment, conservation efforts should
be placed predominately in land cropped to
corn, with an emphasis on fields where pot-
holes are drained directly to the ditches or
where there is evidence of direct drainage
from fields to ditches.

Multiple regressions of discharge, nutri-
ent concentrations and nutrient loads
against observations from tillage transects
conducted in the watersheds in May 2006
and May 2007 were also per-formed as
shown in table 8. The presence of ephein-
eral gullies \s'as significantly and positively
correlated with discharge, NO -N concen-
trations and loads, NH,-N loads, and TK N
loads. As ephemeral gullies often recur year
after year in the same location within a field,
they tend to be related to local hydrology
within the field. The finding of a positive
correlation between ephemeral gullies from
tillage transects and nutrient concentrations
and loads is quite interesting, as this may be
one quick assessment method to estimate
how "hydrologically active" these areas are
in relation to supplying nutrients or other
contaminants to the watershed. Various lev-
els of residue cover were typically negatively
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correlated with nutrient concentrations and
loads. The positive correlation between the
01X to 15% residue cover level andTP loads
could be an indication of greater erosion
losses from these fields, if one considers
TP a substitute measure of sediment loss.
There is a negative correlation between TP
concentration or load and the 16% to 30%,
31% to 50%, and 76% to 100% residue cov-
ers, which, again, indicates the importance
of residue cover as a means to reduce coil-
tanlinant losses.

Potential Pitfalls Using Empirical
Modeling Techniques. The eiiipirical mod-
eling of nutrient concentrations arid loads
presented in the previous section was done
in order to quickly assess potentiall y criti-
cal areas for nutrient losses in the Cedar
Creek subwatershcd of the St. Joseph River.
Others have completed empirical modeling
efforts for the entire Mississippi River basin
(Alexander et al. 2008a). Those authors used
similar empirical modeling techniques to
assign nutrient loads to subwatersheds based
on such data as land use/land cover. county
level estimates of comniercial fertilizer and
manures applied to land, and artificial drain-
age based on estimates from 1978 (Alexander
et al. 2008b). The authors then use their
empirical model estimates as statements of
tact. For example they state "We find that
although the (Mississippi and Atchafalaya
River Basins) drains land from 31 states,
nine Sites (Illinois, Iowa, Indiana. Missouri.
Arkansas, Kentucky, Tennessee, Ohio, and
Mississippi), with the largest percentage
shares of the total nutrient flux delivered to
the Gulf, collectively account for 75% of the
N arid P delivery to the Grill (also. 69% of
the phosphorus from pasture/rangelands arid
86% of the nitrogen from corn/soybeans)"
(Alexander et al. 2008a).

Using data sets, we found that we were
able to account for as much as 100% of the
variation in NO.-N concentrations (i.e., r 2
values for NO 3-Nconcentration were 0.82
using the land use/land cover data, 0.65
using the drainage category data, and 1.00
using the tillage transect data) (tables 6 to
8). Taken individually, these three data sets
are used as simplified tools to evaluate these
watersheds, and to quickly identiiy potential
hotspots for nutrient losses to the surface
water. Even with this level of confidence
behind these datasets (i.e., r 2 1.00), one
Should not be using them as diagnostic tools
to assign loads or total inaxinium daily loads

to the St.Joseph River watershed. In order to
more accurately reflect the complex interac-
tions between so many variables, we believe
that in order to assign or estimate loads to
watersheds without measured data, one needs
to apply a validated process based model
as opposed to an empirical model. Process
based models represent a rough approxinia-
tinn of the real world, and enipirical models
represent a rougher approximation of the real
world. We as scientists should remember this
when presenting the results of models, that

there is a level of uncertainty associated with
model output.

While our watershed is not in the
Mississippi River Basin, the St. Joseph River
watershed is adjacent to the Mississippi
River Basin. Our monitored sites are located
within 32 km (20 iii) of the Mississippi
River Basin. Out of 27 watershed years,
we observed only four watershed years
(table 5) that met or exceeded the 18 kg
TN ha (16 lb TN ac- ') and only three
watershed years that exceeded the 1.32 kg

Table 6
Results of stepwise regressions for nutrient load and concentrations as dependent variables
and land use class as independent variables.
Variable	 Equation	 P

Discharge	 0.031(area) + 9.9(% corn) - 99.1	 0.67	<0.05

NH 4. N concentration	0.00003(area) - 0.0039(% soybean) + 0.322	0.71	<0.05
N 0-N concentration	0.00082(area) - 0.261(% alfalfa) + 3.03	0.82	<0.01
TKN concentration	0.076(% urban) + 0.053(% corn) - 0.233	0.80	<0.01
TP concentration	0.0096(% urban) - 0.0151(% wheat) + 0.316	0.64	<0.05

NH 4-N load	 0.042(% corn) + 0.00011(area) - 0.687	0.73	<0.01
NO3 -Nload	 0.00092(area) + 0.45(% corn)

- 0.82(% forest) + 0.76(% wheat) + 1.71	0.93	<0.01
TKN load	 0.39(% corn) - 6.66	 0.56	<0.05
TP load	 -0.031(% soybean) + 1.64	 0.42	<0.05
Notes: Analysis was performed for 2004 and 2006, when there was satellite imagery with
sufficient coverage to evaluate land use/land cover. Area is the total area of the watershed. The
percent area is the relative amount of a land use/land cover within a watershed compared to the
total area for that watershed.

Table 7
Results of stepwise regressions for nutrient load and concentrations as dependent variables
and drainage category as independent variables.
Variable	 Equation	 r2	p

Discharge	-5.9(% indeterminate) + 378	 0.29	<0.05

NH,-N concentration	0.00007(direct area) - 0.0048(% indirect) + 0.399	0.64	<0.01
NO3-N concentration	-0.141(% indeterminate) + 7.81	 0.65	<0.001
TKN concentration	0.059(% direct) + 0.116	 0.30	<0.05
SP concentration	0.0055(% pothole) + 0.0132	 0.19	=0.10
TP concentration	-0.016(% indirect) + 1.13	 0.22	<0.10

NH 4-N load	-0.0232(% indeterminate) + 0.017(% direct) + 0.826 0.39	<0.10
NO3-N load	-0.48(% indeterminate) + 22.4	 0.45	<0.01
TKN load	 0.303(% pothole) - 0.451	 0.56	<0.01
SP load	 0.0148(% pothole) - 0.00134	 0.22	<0.10
TP load	 0.0585(% direct) - 0.688	 0.33	<0.05
Notes: Analyses were performed with observed data from 2004 and 2006. The percent of a
drainage category is the amount of that drainage category in relation to the entire area of that
watershed.
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r Table 8
Results of stepwise regressions with discharge, nutrient concentrations, and nutrient loads as dependant variables and data from tillage transects
as independent variables.
Variable	 Equation	 P
Discharge	 188 + 0.130 (ephemeral gulley area*) - 8.51 )% of 0% residue covert)	 0.65	<0.05

NO3-N concentration	3.84 + 0.00407 (ephemeral gully area)
- 0.0419 (% of 0% to 15% residue cover)
- 0.0240 (% of 31% to 50% residue cover)
- 0.0322 (area 0% residue cover)
- 0.00169 (area 0% to 15% residue cover)
+ 0.0105 (area mulch till) - 0.00296 (area N/A till)
+ 0.000085 (area no-till)

TKN concentration	1.13 - 0.025(% 31% to 50% residue cover) + 0.0704(% N/A till)
SP concentration	0.0277 + 0.00355 (% N/A till)
TP concentration	-0.0813 - 0.0450 (% of 31% to 50% residue cover) + 0.0401(% mulch till) + 0.0478 )% N/A till)

	

1.00	<0.01

	

0.70	<0.01

	

0.30	<0.10

	

0.82	<0.05

NH4-N load	 0.0792 + 0.000351)ephemeral gulley area) + 0.0141)% mulch till) + 0.0106 )% conventional till)	0.82	<0.05
NO3-N load	 3.18 + 0.0156 )ephemeral gulley area) + 0.140 (% of 31% to 50% residue cover)	 0.81	<0.001
TKN load	 -0.131 + 0.335 )% ephemeral gully) + 0.179 (% N/A till)	 0.64	<0.05
SP load	 0.734 - 0.0538 (% of 0% residue cover) - 0.0187 (% conventional till) - 0.0123 )% mulch till)	0.85	<0.01
TP load	 -4.75 - 0.0366 (% ephemeral gulley)

+ 0.0327 (% of 0% to 15% residue cover)
- 0.145 (% of 76% to 100% residue cover)
- 0.0818 (16% to 30% area residue cover) + 0.162 (% N/A till)
+ 0.157 (% reduced till) - 0.0000386 (area no-till)
+ 0.0880 (area reduced till)	 1.00	<0.01

Notes: Analyses were performed for 2006 and 2007. Data provided by the SWCD were collected at the beginning of the 2006 and 2007
growing season.
* Ephemeral gullies were assigned to fields, and for the purposes of this paper, the area of the ephemeral gulley was designated as the area of the
field in which they were observed.
t The area of a practice or level of residue cover was determined by the sum of the areas for the fields in which the practice or level of residue cover
was observed. The percent of a practice or residue cover was calculated as the sum of the area in which the practice or residue cover level was
observed relative to the total area of observations within the watershed.

TP ha (1. IN lb TN ac) that the Spatially
Referenced Regressions 011 Watershed
Attributes (SPARROW) model assigned to
Indiana (Alexander et al. 2008a; 2008b). Our
data were collected from first and second
order agricultural streams, where Alexander
et al. (20(18a, 2008b) acknowledge the great-
est extent of in-stream processing of N and
P occur. The much greater N and P losses
estimated by Alexander et al. (2008a) for
Indiana as compared to our measured
data from primarily agricultural water-
Jled', indicates either (1) the SPARROW
model over-predicted, or (2) there are other
sources of N and P load (e.g.. from urban
Sources) that are underpredicted or not being
lCCOililtCçj for.

Summary and Conclusions
Agriculture has been listed as a primary con-
tributor to nutrient losses to surface waters.

In the two ditches studied in Northeast
Indiana, with row crop agriculture as the
primary land use (i.e., >60% of land). nutri-
ent concentrations were relatively high com-
pared to the 10 mg NO-N L drinking
water standard, and the 001 to 0.1.12 mg P
L- ' critical level for eutrophication.The pot-
hole topography in the region requires that
any water quality improvements will have to
be made through targeting the entire water-
shed and not just fields that are located adja-
cent to drainage ditches.The greatest benefits
from conservation benefits may come by
placing conservation practices in areas with
direct drainage (including potholes) that are
cropped with corn. Furtherinore,VBS along
drainage ditch banks may not be serving the
purpose they were originally intended to
play. The topography along the ditch bank
naturally inhibits surface runoff from flow-
ing directly into the ditches. However, we

believe that these \TBS are important for
nnniiiiizing water pollution because they
provide a natural setback during pesticide
and fertilizer applications. Hydrology was
shown to be the primary driver ill nutri-
ent transport for both ditches, as concentra-
tions and loads were both reduced during
the drier monitoring periods. Phosphorus
(both soluble and total) may have been
most impacted by a very small percentage of
residential land use, specifically from failed
septic systems, since the greatest concentra-
tions and loadings of SP and TP were from
the site just downstream of the only resi-
dential area in the monitored watersheds.
This demonstrates that differences in annual
variability in nutrient losses are likely driven
by climatic conditions and that it is important
to assess the spatial relationships of nutrient
transport within all agricultural watershed as
well as drainage ditch geonlorphology
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