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ABSTRACT

Little information is available comparing the influence
of land use and precipitation on the control of phosphorus
(P) and nitrogen (N) losses from agricultural watersheds in
claypan soils. Eight watersheds with varying proportions of
row-crop, pasture, forest, and grass filter strip condition
were examined for three consecutive years to evaluate
effects of land use and precipitation on P and N losses from
row-cropped watersheds. Total P (TP) and total N (TN)
losses were inversely related to the percentage of forest and
pasture cover. Forest (n=2), pasture (n=3), row-crop (n=2),
and row-crop grass filter strip (n=1) land use types had mean
annual TP losses of 0.43, 0.90, 3.82 and 1.30 kgeha'eyr’,
respectively and mean annual TN losses of 2.02, 4.34, 29.25
and 12.31 kgeha'eyr', respectively. During the 3-year study,
the respective land use types lost 0.36, 0.64, 13.99 and
7.26 kg NO, Neha'eyr'. Runoft events on row-cropped
watersheds resulted in significantly greater TP, TN, and NO JN
losses than those from pastured and forested watersheds.
Stream nitrate-N concentrations averaged 0.39, 0.50, and
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Courriel : udawattan@missonri.edn

ISSN : 1718-8598

2.56 mgeL"! for forest, pasture, and row-crop land use types,
respectively. During the study, 136% of the long-term average
precipitation in 1998 caused significant nutrient losses in all
watershed categories and the variability within a land use type
was larger than in years with below long-term rainfall. The study
results emphasize the incorporation of perennial vegetation
such as vegetative buffers, grass/conservation reserve program
areas, and grass filter strips or other perennial vegetation as
a long-term option for effective control of nutrient losses in
runoff from agricultural watersheds.

Keywords: buffers, corn-soybean, conservation practices,
grass filter strips, riparian area

RESUME

Il y a peu d’information disponible sur les liens entre
P'occupation des sols, la précipitation et le contrdle des pertes
en phosphore (P) et en azote (N) des bassins versants ayant
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des sols aux horizons argileux. Pour cette étude, huit bassins
caractérisés par différentes proportions de culture a interlignes,
paturage, forét et conditions de bandes enherbées, ont été
suivis sur une période de trois ans. Les pertes en P total (TP)
et N total (TN) étaient inversement reliées au pourcentage
d’occupation en forét et en paturage. Les occupations
forét (n=2), paturage (n=3), cultures a interligne sans (n=2)
et avec bandes enherbées (n=1), avaient respectivement
des pertes annuelles moyennes de TP de 0,43, 0,90, 3,82,
et 1,30 kgeha'eannée! et de TN de 2,02, 4,34, 29,25 et
12,31 kgeha'eannée. Au cours de cette étude de trois ans,
les pertes en azote nitrate étaient respectivement de 0,36, 0,64,
13,99, et 7,26 kg N—NO;ha’“année". Les pertes résultant
des événements de ruissellement sur les bassins de cultures a
interlignes étaient plus considérables que celles sur les bassins
caractérisés par la forét et les paturages. Les concentrations en
azote nitrate dans les cours d’eau alimentés par les occupations
forét, paturage et cultures a interlignes étaient respectivement
de 0,39, 0,50, et 2,56 mg N—NO3°L’1. Au cours de 'étude, et
ce en comparaison avec les années ayant recu des précipitations
inférieures a la moyenne a long terme, les précipitations de
1998 (136% de la moyenne a long terme) ont produit plus de
pertes dans tous les types de bassins ainsi que de plus grandes
variabilités pour chaque occupation. Les résultats de cette étude
illustrent que l'intégration de couvertures végétales pérennes,
telles que les bandes enherbées, les aires protégées enherbées
et les voies enherbées ou autre végétation pérenne, représente
une option 2 long terme pour le controle efficace des pertes en
nutriments par ruissellement dans les bassins agricoles.

Mots-clés : zones tampons, mais-soya, pratiques de
protection, bandes enherbées, zones riveraines.

1. INTRODUCTION

Despite improvements in fertilizer application, crop
rotation, and wuse of conservation practices, row-crop
watersheds still lose nutrients causing significant impacts
on water quality (UDAWATTA e al., 2006a). In the
Midwestern United States, the agriculture sector has been
recognized as the single largest contributor to non-point
source nitrate (NO,) pollution of surface and ground waters
(HATFIELD et al., 1999; JAYNES et al, 1999; TOMER
and BURKART, 2003). OMERNIK (1977) observed that
total nitrogen (TN) concentrations in streams were nearly
nine times greater from agricultural lands than from forests,
with the highest concentrations found in the corn-belt states.
There are strong correlations between watershed land use and
stream nutrient concentrations (COULTER ez al, 2004;
KANG et al., 2008; SCHILLING and SPOONER, 2006;
UDAWATTA et al., 2006b). Among the land use parameters,

percentages of agricultural and forest areas have been shown to
explain significant variation in stream nutrient concentrations
(JONES ez al., 2001; PERKINS ez al., 1998; SCHILLING
and SPOONER, 20006).

Perennial vegetation has received increasing attention as
a way to reduce nutrient losses from agricultural watersheds.
For example, riparian buffer zones, grass filter strips, and
pasture areas, positioned between the agricultural land and
aquatic environment, have been shown to remove excess
nutrients (PETERJOHN and CORRELL, 1984; PUCKETT,
2004; SCHMITT ez al., 1999; WIGINGTON et al., 2003).
Sediment, organic matter, nutrients, and agrichemicals from
surface and subsurface water are removed by vegetation uptake,
diffusing surface flow, increasing infiltration, and trapping
sediment (McINTYRE, 1993; PARSONS et al, 1994;
PETERJOHN and CORRELL, 1984; UDAWATTA
et al., 2002; WELSCH, 1992; WIGINGTON ez al., 2003).
The uptake of nitrogen through riparian forests has been
documented by several studies with removal efficiencies
greater than 80% (GILLIAM, 1994; JACOBS and GILLIAM,
1985, LOWRANCE ez al., 1984; PETERJOHN and
CORRELL, 1984). Similarly, vegetative filter strips 4.6 and
9.1 m wide removed 59% to 82% and 63% to 76% of P
and N, respectively (DILLAHA ez al., 1989). Studies show
that sediment trapping efficiency increases with width but,
increasing the width beyond 9 to 15 m has less effect (ABU-
ZREIG et al, 2003; ROBINSON ez 4l., 1996). In contrast,
some other studies have shown lower removal efficiencies as
compared to the above studies. For example, PETERSON
and VONDRACEK (2006) showed narrow buffers were less
effective when modeled for total N and P filtration. Comparing
filter strip performance over ten years, DOSSKEY et al. (2007)
showed less than 50% reductions in N and P.

In the Midwest USA, about four million ha of claypan
soils in Missouri and Illinois are identified as Major Land
Resource Area 113 (USDA-NRCS, 2006). These soils have
a shallow top soil horizon underlain by a 13 to 46 cm deep
argillic horizon with clay contents exceeding 450 gekg™. Water
and solute permeability is extremely low in these soils due
to lower saturated hydraulic conductivity (0.002 mmeh),
as compared to the surface horizons (BLANCO-CANQUI
et al., 2002). Additionally, the depth to the claypan varies
across fields; the claypan is nearer to the surface for eroded
soils (WANG ez al., 2003). Perched water in the surface
horizons caused by the relatively low hydraulic conductivity
of the claypan potentially makes these soils more susceptible
to nutrient loss (MOTAVALLI ez al, 2003; SEOBI ez al.,
2005). For example, in a simulated rainfall study, ZHENG
et al. (2004) observed that NO, loss was mainly controlled
by the near-surface hydraulic gradient. The first recharge event
following fertilizer application, irrespective of the time interval
between the application and recharge events, transported
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substantial quantities of NO, through the claypan to ground
water (KELLY and POMES, 1998). Therefore, information
on nutrient and chemical transport in claypan soils is crucial
to evaluate potential water contamination from agricultural
sources.

Rainfall distribution is an important determinant of
nutrient loss from agricultural land. Nutrient losses associated
with above normal precipitation conditions contribute to
significant water pollution. Studies in the USA, UK, and
Nigeria showed that the largest 2-5 rainfall events were
responsible for over 70% of the annual N, B, and sediment loss
(EDWARDS and OWENS, 1991; LAL, 1976; MORGAN
et al., 1987; UDAWATTA et al., 2004). Both the amount and
timing of precipitation events relative to fertilizer application,
ground cover condition, and the growth condition of the crop
affect the amount of nutrient loss. Comparing annual rainfall
with runoff and sediment loss from agricultural watersheds,
UDAWATTA ez al. (2006b) observed that narrow grass strips
along streams were effective in reducing losses in years with
below normal precipitation but failed during years with above
normal rainfall.

While the benefits of perennial vegetative areas in
agricultural watersheds have been recognized, there is little
information demonstrating relative advantage of varying
buffer, grass and grass filter strip conditions and land use on P
and N losses from watersheds in the Midwest claypan region.
An understanding of the interactions among soils, plants and
management factors at a watershed scale is crucial for the
development of effective environmental management practices
(NORD and LYON, 2003). Such information could play an
important role in controlling nutrient loss from agricultural
watersheds by helping develop guidelines to protect water
quality. Nutrient removal capability of perennial vegetation
depends, however, on vegetation-soil interactions and input
levels (LOWRANCE ez al., 1997). Therefore, perennial
vegetative areas within a watershed may vary regionally and
by land use, management, precipitation, flow rate, and season
which alter stream water chemistry. We examined the effect of
land use and influence of grass filter strips as well as rainfall on
discharge of total phosphorus (TP), total nitrogen, and NO, N,
using eight first order watersheds with varying proportions of
forest, pasture and agricultural land use.

2. MATERIALS AND METHODS

2.1 Study area and watershed characteristics

Study watersheds are located in Adair and Macon Counties,
Missouri, USA (39° 50" N to 40° 05' N and 90° 32' W to

92° 20" W) (Figure 1). Details on watershed characteristics,
soils, weather, and water sampling procedures can be found
in UDAWATTA et al. (2006b). In brief, three land use types
were included: at one extreme, forest catchments (n=2)
and at the other extreme, row-crop (n=3) catchments with
virtually no riparian vegetation, and pasture/Conservation
Reserve Program (CRP) catchments (n=3) as the intermediate
condition. The two forest catchments were within the
state-owned Atlanta Conservation Area. Study watersheds
ranged in area from 21 to 259 ha, and management within
each watershed is summarized in table 1. Watershed areas were
estimated using 1:24,000 maps and land use patterns were
obtained from annual aerial photographs. Ground truthing
was conducted to verify land use within each watershed.
Watersheds were identified based on major land management
types: forest (Ixx), pasture (2xx) and row-crop (3xx).
One row-crop watershed (400) received irrigation water from
the La Plata Water Treatment Plant. This watershed does not
have a forested riparian buffer zone, but has a 3 to 4 m wide
dense grass filter strip along the stream, and identified as a

row-crop watershed with a grass filter strip (RC-GES).

The main crops in these watersheds were corn (Zea mays L.)
and soybean (Glycine max (L.) Merr.) in rotation and under
minimum or no-till cultivation. Wheat and sorghum
represented little land cover in row-crop watersheds.
Pasture/CRP watersheds were mainly under CRP. Fescue
(Festuca spp.), golden rod (Solidago spp.) and cool season grasses

were common in pasture watersheds.

The average snowfall in the study area is about 61 mm of
water equivalent and generally lasts several weeks. The average
winter temperature is -2.2°C and average daily minimum is
-7.7°C. In summer, the average temperature is 23.9°C and
average daily maximum is 30°C. The 30-years precipitation
averages 967 mm about 65% of which falls in April through
September (OWENBY and EZELL, 1992). During the
three years in the study, precipitation amounts were 829, 1,315
and 803 mm in 1997, 1998, and 1999, respectively. These
amounts represent 86%, 136%, and 83% of the long-term
precipitation in respective years.

2.2 Sample collection and analysis

All eight watersheds were instrumented with ISCO water
samplers, flow measuring devices (Lincoln, NE, USA), and
marine batteries. Runoff water samples were collected for
three consecutive years (1997-1999) after each runoff event.
Streams were surveyed and stream parameters were fitted into
Manning’s equations to estimate flow. Flow data were recorded
at 10 minute intervals. After a runoff event, flow rate, flow
level and sample intake time data from the recording devices
were downloaded to a laptop computer. Water samples were
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Figure 1. Long Branch Watershed in Macon and
Adair counties of Missouri, USA and
approximate location of eight watersheds
within the Long Branch watershed (After
UDAWATTA et al., 2006b).

Bassin versant de Long Branch des comtés
de Macon et Adair, Missouri, Etats-Unis, et
localisation des buit sous-bassins a l'étude.

Table 1.  Area and land use composition of eight study watersheds in Adair and Macon Counties, Missouri, USA.
Superficies des occupations du sol des huit bassins a l'étude des comtés de Macon et Adair, Missouri, Etats-Unis.

Land use composition

Watershed Area Forest Pasture Row-crop
ha %

Forest 100 65 84 2 12
101 87 94 0 4

Pasture 200 70 28 66 6
201 30 43 57 0

202 26 18 41 41

Row-crop 300 140 7 7 86
301 259 4 22 74

RC-GFS (400) 21 0 <1 100
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transfered from the field to the laboratory and individual
samples were analyzed for water quality parameters. Flow
rates corresponding to samples, time intervals and nutrient
concentrations were used to calculate total loss for runoff
events.

Unprocessed samples were refrigerated at 4°C until
analysis. TP, TN, and NOa‘N were determined on a
Lachat QuickChem-2000 Auto Analyzer (Milwaukee,
W1, USA). Total phosphorus was determined by ascorbic
acid-molybdate procedure on unfiltered samples following
ammonium peroxidisulfate digestion (LIAO and MARTEN,
2000). The detection limit for the method was 0.9 pgeL". TN
was determined using cadmium reduction on unfiltered samples
following potassium perusulfate digestion (PRITZLAFE
1999a). TR, TN and NO,N (PRITZLAFE 1999b) were
determined as outlined by Lachat Quickchem Methods
10-115-01-1-F  10-107-04-1-C, and  10-107-04-1-B,
respectively. The detection limit for the TN and NO,N
methods was < 0.002 mgeL". Quality control for the Lachat
analyzer was maintained by randomly positioning three control
standards with differing concentrations, four duplicate samples
and one quality control sample in each tray (90 samples). All
samples with suspected and unacceptable concentrations were
reanalyzed.

2.3 Statistical analysis

Random variables were analyzed as a split-plot intime using
the PROC MIXED procedure in SAS. The main plot consisted
of land management (treatments) and the subplot consisted

of year and interaction of land management*year. Watersheds
within a treatment were used as the denominator of F for the
main plot (land management) effect. Watersheds within a land
management and year were used as the denominator of F for
the sub-plot (year and interaction of land management*year)
effects. The residual mean square represented multiple
observations within a year watershed combination. The fixed
effects are land management, year and the interaction of land
management*year. Mean differences were determined using
Fisher Least Significance (LSD) and were calculated using
LS-Means statement within the PROC MIXED procedure.
The variance covariance matrix was investigated using AIC
coeflicient to determine the most suitable mean separation
procedure. Differences in TP, TN and NO,; N among land use
types were declared significant at the a = 0.05 level.

3. RESULTS

3.1 Total phosphorus loss

Among the studied land uses, the row-crop land use
consistently had the largest TP losses during the study. The
annual TP losses on row-crop land use, in decreasing order,
were 5.37, 3.27 and 2.84 kgeha! in years 1998, 1997 and
1999, respectively. These watersheds lost 26, 8 and 4 times
more TP than the forest land use in 1997, 1998 and 1999
respectively, and the losses significantly differed (p < 0.001)
(Table 2). These losses were 3, 6 and 11 times greater than
losses on pastures. RC-GFS lost only 15%, 42%, and 41% of
TP that was lost on the two row-cropped land use in 1997,

Table 2.  Three-year mean annual and individual year’s total phosphorus loss on the eight watersheds from 1997 to 1999.
Pertes annuelles et moyenne en phosphore des huit bassins pour la période 1997-1999.
Year
Watershed 3-year 1997 1998 1999
kgehaleyr!

Forested 100 0.55 0.15 0.86 0.65
101 0.31 0.11 0.52 T

Mean 0.43 0.13 0.69 0.65

Pastured 200 0.72 0.63 1.45 0.10
201 1.29 0.71 1.87 T

202 0.68 0.18 1.46 0.40

Mean 0.90 0.51 1.59 0.25

Row-cropped 300 4.22 3.89 5.50 3.28

301 3.43 2.66 5.23 2.40

Mean 3.82 3.27 5.37 2.84

RC-GFS 1.30 0.50 2.25 1.15

1 Not sampled
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1998 and 1999 respectively, and these losses were significantly
different (p < 0.05).

The pasture land use lost 0.5, 1.59 and 0.25 kg TPeha
in 1997, 1998 and 1999. Pasture land use lost four and
two times more TP in 1997 and 1998, compared to the forest
land use (Table 2). The losses on the pasture land use were only
15%, 30% and 9% TP, compared to the losses on the row-crop
land use in 1997, 1998 and 1999 respectively. Pasture and
RC-GFS land use types lost almost the same amount of TP in
1997 (0.502 and 0.504 kgeha'eyr, respectively).

The three-year mean annual TP loss on watersheds ranged
between 0.31 to 4.22 kgeha'eyr' and were strongly correlated
to land use, but differed within a land cover type (Table 2).
Forest, pasture, and row-crop land use types lost 0.43, 0.90 and
3.83 kg TPeha! respectively, during the study (Figure 2). The
row-crop land use lost nine and four times more TP than forest
and pasture land use types, respectively and the differences were
significantly different (» < 0.001). The RC-GFS watershed
(1.30 kgeha'eyr") lost only 34% of the TP loss that occurred
on row-crop land use and the losses were significantly different
(p < 0.003). Pasture land use lost only two times more TP

compared to the loss from the forest land use, and these losses
were not significantly different.

3.2 Total nitrogen loss

Annual watershed TN loss ranged from 0.72 on a forested
to 34.19 kgeha' on a row-crop watershed (Table 3). Similar
to the TP loss, the largest losses were observed on row-crop
watersheds. In 1997, row-crop land use lost 35, 15 and
three times more TN than forest, pasture and RC-GFS land
use types, and these losses were significantly different (p < 0.05)
(Table 3). Total nitrogen losses between the row-cropped and
RC-GFS were not significantly different (p < 0.05) in 1998.
Total nitrogen losses between forest and row-crop, pasture and
row-crop, as well as RC-GFS and row-crop, were significantly

different (p < 0.05) in 1999.

The RC-GFS watershed lost 9.64, 16.41 and
10.86 kg TNeha' in 1997, 1998 and 1999, and these were
significantly (p < 0.05) lower than that on row-crop land use.
Compared to forest and pasture land use types, the RC-GFS
watershed lost three to four times more TN during the study.
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Figure 2. The mean total phosphorus loss for forest, pasture, row-crop grass

filter strip (RC-GFS), and row-crop land use.
Perte moyenne en phosphore total des occupations forét, piturage et
culture a interligne avec (RC-GFS) et sans voies engazonnées.
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In 1997, 1998 and 1999, the RC-GES watershed lost only
30%, 54% and 42% of the TN loss on row-crop land use
respectively. RC-GFS watershed lost 11, five and six times more
TN than forest land use in 1997, 1998 and 1999, respectively,
while the row-crop land use lost 35, 11 and 14 times more TN
than the forest land use.

Three-year mean and annual TN losses from watersheds
indicated the influence of land use. Mean N losses varied

from 1.50 (101) to 29.26 (301) kgeha'eyr' among individual
watersheds (Table 3). Forest land use had the lowest TN loss
(2.02 kgeha'eyr'), while row-crop land use had the greatest
loss (29.25 kgeha'eyr') (Figure 3). Total nitrogen losses
between forest and row-crop as well as pasture and row-crop
land use types were significantly different (p < 0.001) (Figure 3).
Forested watersheds lost only 50% of the TN that was lost on
the pastured watersheds, and the losses between these land use
types were not significantly different (p < 0.05).

Table 3.  Three-year mean annual and individual year’s total nitrogen loss on the eight watersheds from 1997 to 1999.
Pertes annuelles et moyenne en azote des huit bassins pour la période 1997-1999.
Year
Watershed 3-year 1997 1998 1999
kgehaleyr!
Forested 100 2.41 1.09 4.25 1.90
101 1.50 0.72 2.27 T
Mean 2.02 0.91 3.26 1.90
Pastured 200 2.38 1.54 4.86 0.75
201 7.28 2.49 12.07 T
202 3.35 2.53 4.97 2.55
Mean 4.34 2.19 7.30 1.65
Row-cropped 300 29.24 34.19 36.05 17.48
301 29.26 29.32 24.27 34.19
Mean 29.25 31.75 30.16 25.83
RC-GFS 12.31 9.64 16.41 10.86
1 Not sampled
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Figure 3. The mean total nitrogen loss for forest, pasture,

row-crop grass filter strip (RC-GFS), and row-

crop land use.
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Row-cropped watersheds lost 13, seven and two times
more TN compared to forest, pasture, and RC-GFS land use
types respectively (Figure 3). A comparison of three-year mean
and annual TN losses between the RC-GFS and other land
use types shows the influence of grass filter strips on reducing
nutrient loss from agricultural watersheds. The three-year mean
TN loss between the row-crop and RC-GFES were significantly
different (p < 0.01), and the RC-GFS watershed lost only 42%

of the loss that occurred on row-cropped watersheds.

3.3 Nitrate-nitrogen (NO;N) loss

The annual NO, N loss on watersheds followed a pattern
similar to TN loss. In each year, row-crop land use lost
significantly more nitrate than forest and pasture land use
types. Additionally, the RC-GFS watershed lost significantly
less nitrate than the row-crop land use, but significantly more
than the forest land use in each year of the study. Although,
pasture land use had lower losses than the RC-GFS for
two years, the loss in 1997 was similar on both RC-GFS and
pastured watersheds.

The three-year mean NO,N loss also showed a
trend similar to TN loss (Figures 2 and 3). The forest
(0.36 kgeha'eyr") land use had the lowest NO, N loss while

row-crop (13.99 kgeha'eyr') land use had the largest loss
(Table 3). The row-crop land use lost significantly (p < 0.001)
more NO,N than the forest and pasture land use types
(Figure 4). The three-year mean NO, N losses between forest
and RC-GFS, pasture and RC-GFS as well as row-crop and
RC-GFS were significantly different (p < 0.05). Forest, pasture
and RC-GFS land use types lost only 2.6, 4.6 and 52% of the
loss that occurred on the row-crop land use. Row-crop, pasture
and RC-GFS land use types lost 39, 1.8 and 20 times more
NO, N compared to the forest land use.

4. DISCUSSION

There was a marked difference in TP, TN and nitrate losses
associated with year to year variation in weather (Tables 2, 3
and 4). The variability among watersheds, within a category,
was also larger in 1998 as compared to 1997. Row-cropped
watersheds lost 1.8 times more TP (300 = 1.42 and 301 = 1.97)
in 1998 as compared to values in 1997. Individual watersheds
in the forest, pasture, and RC-GFS land use types lost two to
eight times more TP in 1998 than 1997. With increasing
precipitation, forest (5.4), pasture (3.2) and RC-GFS (4.5)
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Figure 4. The mean nitrate-nitrogen loss for forest, pasture,

row-crop grass filter strip (RC-GFS) and row-crop

land use.

Perte moyenne en azote-nitrate des occupations
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Table 4. Three-year mean annual and individual year’s nitrate-nitrogen loss on the eight watersheds from 1997 to 1999.
Pertes annuelles et moyennes en azote-nitrate des huit bassins pour la période 1997-1999.
Year
Watershed 3-year 1997 1998 1999
kgehaleyr!
Forested 100 0.43 0.38 0.72 0.20
101 0.29 0.16 0.42 T
Mean 0.36 0.27 0.57 0.20
Pastured 200 0.14 0.08 0.29 0.04
201 0.79 0.16 1.43 T
202 1.00 1.32 0.78 0.91
Mean 0.64 0.52 0.83 0.47
Row-cropped 300 12.13 16.27 13.84 6.28
301 15.86 20.80 7.88 18.89
Mean 13.98 18.54 10.86 12.53
RC-GFS 7.26 6.31 8.31 7.18
1 Not sampled

land use types, on average, lost more than four times TP in
1998 compared to the losses in 1997. In contrast, row-cropped
watersheds lost only twice as much TP in 1998 compared to
1997. Year-to-year, TP loss on watersheds indicates that even
less than average precipitation conditions caused severe loss of
TP on row-cropped watersheds than other land use types.

Annual P discharges reviewed by BEAULAC and
RECKOW (1982) averaged around 0.2 kgeha' for forests,
1 kgeha' for pasture, and 2 kgeha' for row-crops. Forested
watersheds in this study lost twice as much TP compared
to their values. Annual P loss in a seven-year study, with
three adjacent corn-soybean rotational watersheds in Northeast
Missouri, was 1.36 kg TPeha' (UDAWATTA et al., 2004).
The smaller loss in their study, as compared to this study, was

attributed to grass waterways on each watershed. However,
UDAWATTA et al. (2004) also observed 2.86 kg TPeha loss
in 1993 when the area received 42% more precipitation than
the long-term mean. Total P losses on the RC-GFS watershed
and those reported by UDAWATTA ez al. (2004) were in the
same range demonstrating the beneficial effects of grass strips
on row-crop management.

Total nitrogen loss from individual watersheds was
greater in 1998 compared to losses in 1997 and 1999, except
for the watershed 301. We did not collect samples from
watershed 301 for the July 4, 1998 runoff event since the
flow meter and the sampler were damaged by lightening. This
was the largest runoff event during the entire study period
which generated 3 m of flow in the stream near the sampler
location of watershed 301. The estimated TN loss in 1998,

on watershed 301, was 30.91 kgeha'eyr! (1997 loss on
301*(1998 loss on 300/1997 loss on 300)) and it increased the
1998 annual loss to 33.48 kgeha'eyr! for the row-crop land
use. The study area received 16% less precipitation in 1997
and 1999 than the 30-year average. In 1998, the study area
received 36% more precipitation than the 30-year average and
all land use types lost more nutrients. Results varied somewhat
among years due to differences in rainfall distribution, crop
rotation, and cropping practices. Nevertheless, seasonal trends
in nutrient discharge were parallel for all three years.

Total nitrogen and nitrate loss agree with previous research
on similar soils, sites and management conditions. BURWELL
et al. (1976) observed TN losses of 14 to 50 kgeha'eyr! in
a 13-year study in Northwestern Missouri. Their smallest loss
was on brome grass-pasture lands and the maximum loss was on
corn-soybean watersheds. In their study, the watershed which
lost the maximum amount of N received 448 kg Neha'eyr!
for three consecutive years. Another corn-soybean watershed,
with normal application rates (90 to 168 kg Neha'eyr"), lost
only27.8 kgNeha'eyr' during the 13-year study. Annual N loss
ranged from 17.1 to 19.2 kgeha' with a 16.4 kgeha' mean
in a seven-year study with three corn-soybean watersheds
in Northeast Missouri (UDAWATTA et al., 2006a). In the
Long Branch watersheds, TN loss on row-crop land use was
intermediate as compared to BURWELL ez 4/. (1976) and
larger than UDAWATTA et al. (2006a). Nitrate-N losses
from the row-cropped watersheds were comparable to the
annual NO,N loss in runoff from a seven-year corn-soybean
rotation study at the Greenley Center in Novelty, Missouri
(11 kgeha'eyr') (UDAWATTA et al., 2006a). This loss
represented approximately 68% of the total N during the
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seven-year study. The row-cropped watersheds in Long Branch

lost 48% of the N as NO,N.

Mean NO, N concentration in streamflow was calculated
using the total runoff volume and total NO, N loss for each
event. The average NO, N concentration for forest, pasture,
and row-crop land use types were 0.39, 0.50 and 2.56 mgeL"'
respectively (Figure 5). According to ICE and BINKLY (2003),
small forest watersheds on average lose 0.31 mgeL' NO,/N
with values as high as 3.1 mgeL", and these values change
seasonally. Stream water NO, N concentrations in forested
watersheds in this study ranged from 0.009 to 1.97 mgeL",
compared to 0.001to 5.85 mgeL’ on pasture and 0.05 to
15.89 mgeL" on row-crop watersheds (Figure 5). Although,
overall NO, N concentrations were below the drinking water
standards, streams carried appreciable amounts of nitrate
during runoff. Compared to the nine events during a seven-year
study at the Greenley Research Center (UDAWATTA et al.,
2006a), only two events on row-crop watersheds had average
concentrations >10 mg NO_/NeL'. In the Long Branch
watershed, those two larger losses were associated with greater
precipitation events in 1998, while at the Greenley Center
those nine losses were associated with fertilizer application and
larger precipitation events.

In this study with >84% forest cover, the loss of TP, TN
and nitrate on the forest land use were only 11%, 7% and
11%, respectively, of that on the row-crop land use. The
influence of perennial vegetation was shown by this study
and results corroborate previous research (GILLIAM, 1994;
LOWRANCE ez al., 1984; McCINTYRE, 1993; PETERJOHN
and CORRELL, 1984). If the TN loss on row-crop land use was
used as the normal, forest and pasture land use types reduced
the TN loss by 92% and 85% respectively. The reduction in
NO, N by the respective land use types were 89% and 77%,

as compared to row-crop land use. Similar to results from
this study, CLAUSEN ez a/. (2000) and PETERJOHN and
CORRELL (1984) observed 70%, 83% and 79% reductions
in TN, TKN and NO,N respectively, as runoff moved from
cropland through a restored and mature riparian forest. The
difference in N removal among studies could be attributed to
soil, site, precipitation and management factors. Our results
support the assertion that relationships between nutrients in
runoff vary between studies as a function of land use and soil

type.

Another reason that may have affected the nutrient loss
among land use types is the claypan. Soils in the row-cropped
watersheds are underlain by a claypan horizon, as compared
to the soils in the forested watersheds. The claypan acts as a
barrier directing vertical flow horizontally above the pan, thus
generating more runoff from these soils (BLANCO-CANQUI
et al., 2002). SCHMITT (1999) observed that pastured and
forested land uses had more subsurface flow than row-cropped
land uses in the same study watersheds. Therefore, the intact
perennial vegetation in forest and pasture watersheds could
function as a sink for removal and long-term storage of nutrients
from agricultural systems. In contrast, degraded riparian
buffer conditions on row-cropped watersheds with sparsely
distributed vegetation short circuit runoff water and shorten
the residence time due to rapid transport through the riparian
forest, which reduces the efficiency of nutrient removal prior
to entering into streams. Because attenuation is well correlated
with water table depth, temporal and spatial variations in
water table depth strongly influence nitrate removal. Marked
difference in filtration among forest and pasture zones can
be attributed to spatial and temporal variations in soil type,
organic matter content, hydrology and vegetation.
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Figure 5. Flow-weighted mean nitrate-N concentration by runoff event during the study period for forest, pasture, and row-crop

watersheds.
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Results show that overall T TN and NO, N loss from
RC-GFS was only 34%, 42%, and 34% respectively, of
that from row-crop land use. Although, studies have shown
that increasing buffer width beyond 15 m does not remove
nutrients effectively (DILLAHA ez al., 1989), results of this
study suggest that pasture areas placed in between the stream
and row-crop cover within a watershed was effective in filtering
nutrients in runoff. Vegetation, such as stems and grass roots,
efficiently reduces runoff flow, enhances settling of sediment
and reduces erosion (SCHMITT ez al., 1999). Grass roots
enhance soil properties, and thus infiltration. Additionally,
plant uptake removes P in the soil solution, resulting in
increased P adsorption capacity and increased P retention in

soils (LYONS ez al., 1998).

Better infiltration rates and greater residence time of
runoff under perennial vegetation seem to have removed more
nutrients from surface and subsurface water before it enters
the stream. The study clearly indicates that all row-cropped
watersheds lack effective measures to protect stream water
quality. Because perennial vegetation reduces the impact on
water resources by reducing non-point source losses, converting
highly vulnerable areas to perennial vegetation may help reduce
nutrient loss from row-cropped watersheds. Such areas could
be located near streams, other areas within a watershed, or
variable source areas.

5. CONCLUSIONS

A better understanding of the land use, environmental,
and management influences that govern nutrient loss from
agricultural watersheds provides important information to
develop management guidelines to reduce these losses. The
results show that TP, TN and NO, N loss in runoff in a typical
Midwestern U.S. corn-soybean rotation were affected by land
use and precipitation. Significantly, small nutrient losses were
observed from the forested watersheds while the largest losses
were observed from row-cropped watersheds. Pasture land use
in row-cropped watersheds reduced nutrient losses compared
to the losses on row-cropped watersheds. The filter strips along
the stream on a row-cropped watershed also reduced nutrient
losses when compared to losses on row-cropped watersheds.

These results have important implications for the
management of agricultural watersheds. Emphasis should be
placed on management strategies that reduce runoff, sediment,
and nutrient losses. Our results show that intact riparian buffer,
pasture land within a row-cropped watershed and grass filter
strips exhibit significant capacity to reduce nutrient transport
in runoff and these provide a way to improve surface water
quality in agricultural areas. Relationships between spatial

distribution of each land use type and nutrient loss has yet to

be developed.
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