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ASSESSING NUTRIENT TRANSPORT FOLLOWING

DREDGING OF AGRICULTURAL DRAINAGE DITCHES

D. R. Smith,  C. Huang

ABSTRACT. Agricultural drainage ditches are vital for many agricultural landscapes in the U.S. Previous research has
indicated that dredging agricultural drainage ditches may degrade water quality. In this study, we monitored nutrient
transport in two drainage ditches for six years (2003‐2008), during which two dredging activities occurred. Ditch reach
nutrient loads were calculated on a monthly and annual basis for the two ditches, as hydrology and water chemistry were
monitored daily during the growing season. When dredging activities occurred within the previous 12 months, reach loads
were significantly reduced for all nutrients monitored, with net losses in the dredged reaches of NH4‐N (-94 kg), soluble P
(SP; -6.6 kg), and total P (TP; -5.4 kg). When examining annual reach loads, the nutrient losses from recently dredged reaches
were generally significantly lower than the other reaches during the same year. The apparent improvements in water chemistry
seem to be contrary to earlier reports of potentially degraded water quality immediately after dredging. We attribute this to:
(1) oxidation of reduced sediments, (2) deposition of “fresh” sediments, (3) recolonization by filamentous algae and higher
plants, and (4) formation of biofilms on the exposed sediments. To avoid the detrimental impacts on water quality immediately
after dredging, and to maximize the benefit of ditch recovery, we propose that ditch managers work with agricultural
producers to delay nutrient applications to adjacent fields for at least one month after dredging activities. This should allow
the ditches sufficient time to recover their ecological function following dredging.

Keywords. Conservation practices, Dredging, Nitrogen, Phosphorus, Water chemistry.

utrient losses from agricultural runoff have been
identified as a primary contributor to eutrophica‐
tion in lakes, reservoirs, and estuaries (Carpenter
et al., 1998). Recent work has demonstrated that

nutrient losses from agriculture can contribute to degradation
of terrestrial ecosystems (Johnson et al., 2007).

Agricultural drainage ditches are a common landscape
feature throughout many humid agricultural regions of the
U.S. (Needleman et al., 2007). Water and contaminants are
transported to these ditches via shallow surface ditches or
subsurface drainage tiles. Several areas in the U.S. that have
a high density of agricultural drainage ditches, such as the
Midwestern U.S. and the Delmarva Peninsula, have been
identified as contributing to water quality problems down‐
stream. Agricultural drainage ditches serve as the first‐ or
second‐order streams through which many of the contami‐
nants that contribute to water quality problems in the Gulf of
Mexico, the Great Lakes, or the Chesapeake Bay are initially
transported (Sharpley et al., 2007; Strock et al., 2007). One
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of the important ecological functions of headwater streams is
the uptake, removal, or transformation of nutrients (Haggard
et al., 1999; Peterson et al., 2001; Bernot et al., 2006).

Landscape disturbance has been shown to alter the ecolog‐
ical function of lower‐order streams (Hall, 2003). Distur‐
bance in streams and the return of ecological function
following disturbance has also been a topic of research (Resh
et al., 1988). However, in most of these studies, the streams
are fairly pristine, and the disturbance has generally been
identified as a high‐discharge event. Previous research has
demonstrated that immediately after dredging, sediments
and their associated biota are no longer able to buffer water
column nutrient concentrations as effectively as they were
prior to dredging (Smith et al., 2006b; Smith and Pappas,
2007). There could be several reasons for this, including al‐
tering the physiochemical properties of the sediments that are
exposed to the water column, and removal of vegetation and
other biota that may remove nutrients from the water column.
Recent work has also demonstrated that dredging agricultural
drainage ditches may be immediately detrimental to water
quality as a result of elevated pesticide concentrations (Pap‐
pas and Smith, 2007).

The influence of dredging activities on ecological func‐
tion has been identified in lakes, reservoirs, large rivers, and
estuaries (Kleeberg and Kohl, 1999; Lohrer and Wetz, 2003;
Machesky et al., 2005; Nayar et al., 2007), but fewer studies
have analyzed the water chemistry effects of dredging agri‐
cultural drainage ditches (Smith et al., 2006b; Smith and Pap‐
pas, 2007; Shigaki et al., 2008). The objective of this study
was to determine the impacts of dredging on N and P trans‐
port within agricultural drainage ditches.

N
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Figure 1. Map showing the study reaches on the A and B ditches in the St. Joseph River watershed in northeast Indiana. The extent and timing of dredg‐
ing activities in the B ditch are indicated.

Table 1. Description of monitored watersheds used in this study.
Site Size (ha) Land‐use

AME 299
79% agriculture,

15% grass/pasture,
4% forest

ALG 1,934
77% agriculture,

16% grass/pasture,
6% forest

BME 311
85% agriculture,
8% grass/pasture,

6% forest

BLG 1,417
83% agriculture,

12% grass/pasture,
3% forest

MATERIALS AND METHODS
STUDY AREA

Water quantity and quality monitoring of two drainage
ditches in the Cedar Creek subwatershed of the St. Joseph
River watershed near Waterloo, Indiana, has occurred since
2003 (fig. 1). On each of these ditches, at least two sites were
monitored from approximately April 1 to November 15 of
each year (table 1). On each ditch there was one monitored
site that drained roughly 300 ha and another site that drained
approximately 1,500 ha. These watersheds are predominate‐
ly agricultural, with more than 77% of the land‐use in row
crop agriculture and an additional 8% to 16% grass or pasture
land, with the remaining percentages in forest or residential
land uses. Subsurface drainage tiles have been installed in the
area for more than 150 years, so exact information is difficult
to determine, but it has been estimated that more than 80%
of the arable land in this region has had subsurface tile

Table 2. Amount of crops in each watershed area
expressed as a percentage of the total area.[a]

Year Watershed
Corn
(%)

Soybean
(%)

Wheat
(%)

Other
(%)

2003 AME 18.3 34.6 9.9 4.9
ALG 22.2 34.8 2.9 2.2
BME 1.2 14.5 3.4 0.8
BLG 6.2 12.0 1.6 0.5

2004 AME 21.4 44.8 5.8 6.2
ALG 29.5 42.7 6.6 6.7
BME 51.0 7.3 5.8 5.9
BLG 33.6 23.3 4.7 7.4

2006 AME 0.0 0.3 1.2 0.0
ALG 15.7 10.2 2.5 0.2
BME 0.0 1.4 1.9 0.2
BLG 0.1 0.6 1.0 0.1

2007 AME 29.8 36.8 11.4 0.0
ALG 37.6 40.2 11.3 0.0
BME 51.8 25.0 0.8 1.3
BLG 33.2 38.6 2.2 0.3

2008 AME 13.4 41.8 3.9 0.0
ALG 28.5 35.3 4.6 0.3
BME 24.0 16.6 21.6 0.3
BLG 22.1 26.6 9.5 0.1

[a] Cloud cover from satellite imagery available from the NASS source,
only the available data are presented. In 2005, cloud cover represented a
significant portion of the watersheds (>80%), so data cannot be
estimated.

installed to enhance drainage (Smith and Pappas, 2007;
Smith et al., 2008). A high‐resolution color infrared (CIR)
digital orthophotograph for the year 2005 with a resolution of
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Figure 2. Photographs of B ditch near the BLG sampling site taken (top) after dredging in April 2004 and (bottom) in June 2005 before and after dredg‐
ing. Upper photograph shows that the dredging activity is considered “dipping” because disturbance occurred only in the very bottom of the drainage
ditch. Lower photograph shows the extent to which grass had returned to the disturbed ditch bank and bed after dredging occurred.

45 cm (18 in.) was obtained from the Indiana Geographic In‐
formation Council (IGIC, 2009) to estimate the area of spe‐
cific crops in each watershed (table 2). More detailed
information about the watersheds, agricultural drainage
ditches, land use, soils, and cropping systems or conservation
practices can be found in Heathman et al. (2008), Pappas et
al. (2008), and Smith et al. (2008).

In the B ditch, approximately 3 km were dredged in April
2004, and approximately 5.9 km were dredged in January
2005 (fig. 1). The April 2004 dredging extended approxi‐
mately 300 m upstream from the BLG sampler, which ac‐
counted for approximately 3.5% of the length of this ditch
upstream from the BLG sampling site (fig. 1). The January
2005 dredging was initiated where the previous year's dredg‐
ing ceased and continued upstream, accounting for approxi‐
mately 67% of the 8.78 km total upstream length from the
BLG monitoring site.

All dredging activities removed approximately 30 cm of
ditch sediments. Both dredging operations on the B ditch
would be considered “dipping” operations, in which only the
sediments and vegetation at the very bottom of the drainage
ditch were disturbed (fig. 2). The exposed sediments were
generally the glacial till layer, which had a dense, massive
structure, and was for the most part the depth of the ditch bed
when originally constructed. The trapezoidal shape of these
ditches was maintained during the dredging process. Vegeta‐
tion along the sides of the ditches was composed of various
grass species, with no woody vegetation along any of the
dredged ditch reaches.

SAMPLING AND ANALYSIS
Water chemistry samples from the four monitored sites

were collected daily between April 1 and November 15 each
year with autosamplers (ISCO 6712, Teledyne ISCO, Inc.,
Lincoln, Neb.). A 50 mL sample was drawn every 4 h, with
six draws composited into one 300 mL glass bottle. In 2003
and 2004, ice was placed in the ISCO samplers every day to
cool samples. In 2005, the samplers were equipped with re‐
frigeration units to maintain 4°C in the chamber holding the
glass sample bottles. From 2003 to 2005, ditch discharge was
measured at each site using pressure transducers (ISCO 720).
In 2006, area velocity sensors (ISCO 2150) replaced the pres‐

sure transducers at all sites. During the monitoring period,
discharge was recorded every 10 min. Precipitation was mon‐
itored at the AME and BLG sites from 2004 through 2007 us‐
ing standard rain gauges. Tipping‐bucket rain gauges were
added to the instrumentation at the ALG and BME sites in
2007.

Samples were removed from the ISCO samplers every two
to four days. A 60 mL aliquot was taken for subsequent diges‐
tion and analysis of total Kjeldahl N (TKN) and total Kjeldahl
P (TP). A 20 mL aliquot was filtered (0.45 �m) and acidified
to pH < 2 with H2SO4 for later analysis of soluble nutrients.
After initial processing and transport to the laboratory, sam‐
ples were frozen (-4°C) until analysis was performed. All nu‐
trient analyses were conducted colorimetrically with a
Konelab Aqua 20 (EST Analytical, Medina, Ohio). Soluble
nutrients (NO3‐N, NH4‐N and SP) were analyzed on the fil‐
tered acidified samples. Nitrate‐N was analyzed using EPA
method 353.1 (U.S. EPA, 1983), ammonium‐N was analyzed
using EPA method 350.1 (U.S. EPA, 1983), soluble P (SP)
was analyzed using EPA method 365.2 (U.S. EPA, 1983), and
total Kjeldahl N and TP were analyzed using EPA method
351.2 for TKN and EPA method 365.4 for TP (U.S. EPA,
1983) after mercuric sulfate digestion of the unfiltered sam‐
ples.

DATA ANALYSIS
Nutrient loads (NL) from each site were calculated as:

NLz = Qts × Czts (1)

where z represents the nutrient of interest, Q is the discharge,
t represents the time, s is the site, and C is the concentration.
Monthly nutrient loads were calculated from each site during
the 2003 to 2008 study period by summing the NLz from each
day for each month of the study period. Study reach nutrient
loads (RNLzr) were calculated on a monthly time step as:

RNLzr = NLzl - NLzm (2)

where NLzl is the nutrient load for nutrient z from the large
(~1,500 ha) site, and NLzm is the nutrient load for nutrient z
from the medium (~300 ha) site.

We used the unreplicated before‐after/control‐impact
(BACI) experimental design to evaluate treatment effects of



432 TRANSACTIONS OF THE ASABE

dredging (Clausen and Spooner, 1993; Downes et al., 2002).
The effect of dredging was determined by comparing
dredged and untreated treatments, as defined by whether or
not dredging had occurred in the last 12 months. Treatment
main effects of dredging were conducted using analysis of
covariance (ANCOVA) (Clausen and Spooner, 1993; Steel et
al., 1997) in JMP (ver. 6.0, SAS Institute, Inc., Cary, N.C.)
with monthly precipitation as the covariate. Mean separation
was performed using the Tukey‐Kramer test. In this analysis
of treatment main effects, the reach nutrient load data from
the B ditch in 2004 and 2005 were identified as dredged (i.e.,
treatment),  and all other data were identified as undredged
(i.e., control). In the second statistical analysis, nutrient load
data from one reach were compared against the other ditch
reach during each year. ANCOVA was used for this statistical
analysis instead of ANOVA or t‐tests because of the unrepli‐
cated design, to account for differences in precipitation
across the watersheds.

RESULTS AND DISCUSSION
OVERALL EFFECTS OF DREDGING ON MONTHLY NUTRIENT

LOADS

The treatment main effects from analysis of covariance,
with precipitation as the covariate, for dredging were signifi‐
cant for NH4‐N, NO3‐N, TKN, SP, and TP loads (table 3). For
each of the comparisons, RNL was reduced when dredging
had occurred within the last 12 months. Dredging reduced
RNLNH4N from 67 kg to a net removal of NH4‐N within the
reach (-94 kg), and RNLNO3N decreased from 860 kg to
approximately  -335 kg. As with NH4‐N, there were mean
monthly net removals of TKN (-36 kg), SP (-7 kg), and TP
(-5 kg) in the study reaches following dredging.

The removal of nutrients from the water column by sedi‐
ment and biota are in part related to the long‐term or chronic
exposure to nutrient concentrations (Earl et al., 2006). Our re‐
sults suggest that there was a decrease in nutrient mass trans‐
ported in the ditch reaches in the months following dredging
(table 3). We propose that the sediments present prior to
dredging had been chronically exposed to the high nutrient
levels in these ditches, and thus the relative ability of the sedi‐
ments and biota to remove nutrients from the water column
is limited because of nutrient saturation. Sediments collected
immediately  prior to dredging contained 163 mg P kg-1,
whereas sediments collected immediately after dredging
contained 92 mg P kg-1 (Smith et al., 2006b). Immediately

Table 3. Monthly mean reach nutrient loads (RNL) for NH4‐N, NO3‐N,
TKN, soluble P, and total P in undredged and dredged

reaches of agricultural drainage ditches.[a]

Variable Dredged[b] Undredged[c] p‐Value

NH4‐N ‐94.0 b 67.1 a <0.01
NO3‐N ‐335 b 856 a <0.001
TKN ‐35.9 b 367 a <0.001

Soluble P ‐6.6 b 10.9 a <0.05
Total P ‐5.4 b 63.9 a <0.001

[a] Values within a row followed by different letters are significantly
different at p < 0.05.

[b] Dredged refers to RNL from a reach that had been dredged within the
previous 12 months, specifically the B ditch during the 2004 and 2005
monitoring period.

[c] Undredged refers to RNL from any reach of the two drainage ditches
where there was no dredging during the previous 12 months.

after dredging, the newly exposed sediments would tend to
not be able to buffer elevated in‐stream nutrient concentra‐
tions as well as the sediments that were present prior to dredg‐
ing due to their physiochemical characteristics (Smith et al.,
2006b; Smith and Pappas, 2007; Shigaki et al., 2008). Anoth‐
er change that decreases the nutrient removal efficiency from
sediments following dredging is the removal of the vital biot‐
ic component of the sediments (Woodruff et al., 1999; Schal‐
ler et al., 2004).

The results of this study suggest that in the few months up
to a year following dredging, several changes occurred that
allowed sediment and associated biota to be stronger sinks for
water column nutrients than they were before dredging. The
first change is a physiochemical shift in sediment. Immedi‐
ately after dredging, the sediments tended to be highly re‐
duced (Smith et al., 2006b). Upon exposure, the reduced
conditions at the surface of the exposed sediment layer would
likely become oxidized within days to weeks. The second
change is the deposition of fresh sediments during storm
events or via mass wasting from within the dredged area.
These processes may also produce surficial ditch sediments
with a greater affinity for removal of nutrients from the water
column (Smith et al., 2006a). The third change is the reve‐
getation of the ditch bed by filamentous algae and higher
plants, which would temporarily increase nutrient removal.
The fourth is the formation of biofilms on the sediment par‐
ticles (Tolhurst et al., 2008), which would also increase nutri‐
ent uptake. Within several months up to a year after the
dredging, these dynamic changes would prevent the system
from returning to steady‐state conditions. While the nutrient
concentrations in the water might well be chronically high,
the sediment and associated biota would be in a state of flux.
We propose that the non‐steady‐state conditions of the sedi‐
ment and vegetation biogeochemistry during this period re‐
duces the mass of nutrients transported following dredging.

INTER‐ANNUAL EFFECTS OF DREDGING ON MONTHLY
NUTRIENT LOADS

In years where no dredging had occurred in the previous
12 months, RNLNH4N from the B ditch was not significantly
different from that of the A ditch, but this changed with
dredging. In 2004 and 2005 following dredging, NH4‐N loads
were significantly less (fig. 3). During these two years, mean
monthly removals of 87 and 0.1 kg of NH4‐N for 2004 and
2005, respectively, occurred in the dredged reach.

Nitrification has been reported to be an important compo‐
nent of NH4-N loss in streams (Merseburger et al., 2005).
Previous work in these ditches has shown that nitrification is
inhibited immediately after dredging (Smith and Pappas,
2007). Based on results of the current study, this does not ap‐
pear to be a long-lasting effect of dredging. The greater
change in RNLNH4N for the B ditch in 2004 relative to 2005
may indicate that this is a localized effect. In 2004, approxi‐
mately 300 m of the B ditch was dredged immediately up‐
stream of the BLG sampler, and several km of the B ditch
were dredged in 2005. In April and May 2004, the NLNH4N
from BME was 340 kg. By the time that water reached the
BLG site, 35% of the NH4-N mass had been removed from
the ditch water.

Mean RNLNO3N for each year and ditch ranged from -320
to 3,500 kg (fig. 4). When comparing the two monitored ditch
reaches for each year, the only significant differences in
RNLNO3N values occurred in the dredged years (fig. 4). In
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Figure 3. Study reach nutrient loads (RNL) of NH4-N for each study
reach during the monitored years (2003-2008). Bars with different letters
are significantly different when comparing RNL for the specified year.
There are no significant differences for RNL when there are no letters
above the bars. Diagonal lines within a bar indicate when the study reach
for the B ditch had been dredged within the previous 12 months.

2004, there was an average loss of 320 kg NO3-N per month
from the B ditch study reach, compared to a gain of 1,200 kg
for the A ditch. In 2005, the mean RNLNO3N for the B ditch
(14 kg) was more than an order of magnitude lower than that
observed in the A ditch (352 kg).

Sediments in agricultural ditches have been found to be
important sites for denitrification (Schaller et al., 2004). In
Illinois streams, denitrification rates as high as 360 mg N m-2

d-1 have been observed; however, these rates were not suffi‐
cient to significantly decrease stream NO3-N concentrations
that were typically greater than >8 mg NO3-N L-1 (Royer et
al., 2004). Opdyke et al. (2006) reported that denitrification
rates were directly related to sediment organic matter content
and silt plus clay size fractions. Previous experiments in this
watershed demonstrated that denitrification was also lower
immediately  following dredging (Smith and Pappas, 2007),
due in part to the removal of organic matter and silt plus clay
size fractions. Another potential reason for the observed de‐
crease in denitrification immediately after dredging was re‐
ported to be due to the removal of the sediment‐associated
biota responsible for denitrification (Smith and Pappas,
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Figure 4. Study reach nutrient loads (RNL) of NO3-N for each study
reach during the monitored years (2003-2008). Bars with different letters
are significantly different when comparing RNL for the specified year.
There are no significant differences for RNL when there are no letters
above the bars. Diagonal lines within a bar indicate when the study reach
for the B ditch had been dredged within the previous 12 months.
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Figure 5. Study reach nutrient loads (RNL) of TKN for each study reach
during the monitored years (2003‐2008). Bars with different letters are
significantly different when comparing RNL for the specified year. There
are no significant differences for RNL when there are no letters above the
bars. Diagonal lines within a bar indicate when the study reach for the B
ditch had been dredged within the previous 12 months.

2007). However, it is possible that denitrification may have
been enhanced in the months after dredging, since there was
significantly less RNLNO3N from the B ditch study reach rel‐
ative to the A ditch study reach in both 2004 and 2005 (fig.�4).
Increased denitrification rates in the months after dredging
are possible because storm flows deposited fresh sediments,
including silt and clay size particles, during this period
(Smith et al., 2006a). Furthermore, revegetation and recolo‐
nization by the sediment‐associated biota would increase the
amount of organic matter and biological activity that contrib‐
ute to denitrification.

As with RNLNO3N, RNLTKN was significantly less for the
B ditch study reach than for the A ditch study reach in both
2004 and 2005 (fig. 5). The only negative RNLTKN value was
for the B ditch study reach during 2005 (-56 kg), which was
significantly less than the RNLTKN values observed from the
A ditch. When comparing RNLTKN from the B ditch among
years, the value from 2005 was significantly less than the
RNLTKN in 2006 or 2007.

Noticeable changes in mass transport of SP and TP also
occurred in the B ditch following dredging. In 2005, the mean
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Figure 6. Study reach nutrient loads (RNL) of SP for each study reach
during the monitored years (2003‐2008). Bars with different letters are
significantly different when comparing RNL for the specified year. There
are no significant differences for RNL when there are no letters above the
bars. Diagonal lines within a bar indicate when the study reach for the B
ditch had been dredged within the previous 12 months.
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Figure 7. Study reach nutrient loads (RNL) of TP for each study reach
during the monitored years (2003‐2008). Bars with different letters are
significantly different when comparing RNL for the specified year. There
are no significant differences for RNL when there are no letters above the
bars. Diagonal lines within a bar indicate when the study reach for the B
ditch had been dredged within the previous 12 months.

reduction in SP of 8 kg per month was significantly lower
than the RNLSP for the A ditch (3.2 kg; fig. 6). As with TKN
and SP, a negative RNLTP value was observed for the B ditch
study reach during 2005 (-10.4 kg; fig. 7). The RNLTP values
from the B ditch study reach were also less in 2005 than in
2006 or 2007, as was the case with TKN and SP.

Sediments of first‐order agricultural streams in North Car‐
olina were estimated to remove approximately 37% of the SP
mass based on modeled and monitored data (Ensign et al.,
2006). Agricultural stream SP loadings have been shown to
be negatively correlated to P uptake by sediments (Bernot et
al., 2006). McDowell and Sharpley (2003) indicated that
biotic and abiotic factors were important contributors to SP
removal from agricultural streams. Stream water tempera‐
ture and velocity have been shown to be of greater impor‐
tance for in‐stream P retention than the amount or
composition of detritus (D'Angelo et al., 1991). Similarly,
the reduction in stream velocity by detritus and artificial
baffles has been shown to increase in‐stream P removal from
the water column (Ensign and Doyle, 2005). When compar‐
ing P flux into sediments before and several months after
dredging using short‐term P additions, Macrae et al. (2003)
observed increased removal of SP when calculated as month‐
ly reach loads, from 2.1 kg SP removed for the reach prior to
dredging to 3.7 kg SP removed for the reach following dredg‐
ing. In the current work, we observed SP removal from the
water column by as much as 11 kg in July 2005 and TP remov‐
al by as much as 54 kg in October 2007. These observations
support the conclusions of Macrae et al (2003) that SP remov‐
al by sediment increased for several months after dredging.

Plant uptake is another potential pathway for increased
nutrient removal from the B ditch following dredging. In
New Zealand streams, loss of NO3‐N within a study reach
could be accounted for by the aquatic plant species actively
growing in the stream, with peak uptake rates as high as
1.14�g NO3‐N m-2 d-1 (Howard‐Williams et al., 1982).
While this does occur in the undredged reaches, the recolo‐
nization by the algae and higher plant species in the ditch bed
after dredging may result in greater uptake rates due to an in‐
creasing biological demand.

The presence of macrophytes in New Zealand streams was
shown to decrease the removal of NH4‐N, NO3‐N, and solu‐

ble P in streams, presumably due to an increase in water ve‐
locity that resulted from reduced stream cross‐sectional areas
(Wilcock et al., 2002). Likewise, NH4‐N and SP retention ef‐
ficiency were reduced after logging a riparian forest near a
Mediterranean stream (Butturini and Sabater, 1998). This in‐
crease in NH4‐N and SP retention efficiency was attributed
to the reduction of detritus in the stream. These results would
appear to be in contrast to our results, but following the re‐
moval of macrophyte communities and detritus immediately
after dredging, these materials returned in the weeks and
months after this large‐scale disturbance. However, Marti et
al. (1997) observed that macrophyte assemblages in streams
were very important for in‐stream NO3‐N processing. Simi‐
larly, removal of riparian cover due to logging resulted in in‐
creased NH4‐N and SP retention efficiency, most likely as a
result of greater macrophyte assemblages in the logged
stream reach (Sabater et al., 2000). Macrophyte assemblages
as well as higher plants in this study returned to the dredged
reaches in the months and years after dredging (fig. 2).

SUMMARY AND CONCLUSIONS
In this study of dredging activities within agricultural

drainage ditch reaches in northeast Indiana, we observed a
significant reduction in N and P transport during the
12‐month period following dredging. During this period of
“recovery,” physiochemical and biological shifts occurred in
the sediment and sediment‐associated biological communi‐
ties. We propose that until the sediment and sediment‐
associated biota returned to equilibrium, the ditch sediments
played an important role in altering the ditch water chemistry
by removing a greater amount of nutrients from the water col‐
umn. Once the sediment system returned to equilibrium, it
appeared that most of the nutrients in the highly enriched
ditch water were transported downstream. In previous work,
it was determined that nutrient applications to agricultural
fields that drain into the ditches should not occur immediate‐
ly before or immediately after dredging occurs (Smith and
Pappas, 2007). From this research, it would appear that the
greater than normal risk of nutrient transport that is associat‐
ed with sediments freshly exposed by dredging is only tempo‐
rary (i.e., less than one month). In fact, nutrients that enter the
ditch in the months following dredging may actually have a
greater opportunity to be transformed (i.e., nitrification/deni‐
trification),  adsorbed, or biologically removed from the wa‐
ter column than prior to dredging.
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