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NUTRIENT DYNAMICS IN AN AGRICULTURAL WATERSHED:
OBSERVATIONS ON THE ROLE OF A RIPARIAN FOREST!

WILLIAM T. PETERJOHN AND DAvVID L. CORRELL
Smithsonian Environmental Research Center, P.O. Box 28,
Edgewater, Maryland 21037 USA

Abstract. Nutrient (C, N, and P) concentration changes were measured in surface runoff and
shallow groundwater as they moved through a small agricultural (cropland) watershed located in
Maryland. During the study period (March 1981 to March 1982), dramatic changes in water-borne
nutrient loads occurred in the riparian forest of the watershed. From surface runoff waters that had
transited =50 m of riparian forest, an estimated 4.1 Mg of particulates, |1 kg of particulate organic-N,
0.83 kg of ammonium-N, 2.7 kg of nitrate-N and 3.0 kg of total particulate-P per ha of riparian forest
were removed during the study year. In addition, an estimated removal of 45 kg-ha='-yr~! of nitrate-
N occurred in subsurface flow as it moved through the riparian zone.

Nutrient uptake rates for the cropland and riparian forest were estimated. These systems were then
compared with respect to their pathways of nutrient flow and ability to retain nutrients. The cropland
appeared to retain fewer nutrients than the riparian forest and is thought to incur the majority of its
nutrient losses in harvested crop. The dominant pathway of total-N loss from the riparian forest
seemed to be subsurface flux. Total phosphorus loss from the riparian forest appeared almost evenly

divided between surface and subsurface losses.

Nutrient removals in the riparian forest are thought to be of ecological significance to receiving
waters and indicate that coupling natural systems and managed habitats within a watershed may reduce

diffuse-source pollution.
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INTRODUCTION

Excessive nutrient loading can have significant eco-
logical effects on the receiving waters of lakes (Ed-
mondson 1972, Powers et al. 1972, Schelske and
Stoermer 1972), streams (Hynes 1969), and estuaries
(Fraser and Wilcox 1981, Myers and Iverson 1981).
Nutrient loadings from managed watersheds have con-
tributed an increasing amount of nutrients to receiving
waters as agricultural practices have intensified and
residential development has expanded to accommo-
date a growing human population. Furthermore, nu-
trient losses from agricultural lands represent both a
monetary and energy loss to society.

In an effort to understand how nutrient loss is af-
fected by internal watershed structure, Correll (1984)
attempted to relate surface soil and subsoil composi-
tion to nutrient discharge for three watersheds of dif-
fering land use. Little or no correlation was found, and
this was thought to indicate that significant nutrient
transformations were occurring as water moved through
the watersheds as surface runoffand groundwater. Thus,
one objective of this study was to investigate nutrient
(N, P, and C) transformations occurring as water moved
through an agricultural (cropland and riparian forest)
watershed as surface runoff and shallow groundwater.
Another objective was to synthesize past data about

! Manuscript received 31 January 1983; revised 14 Septem-
ber 1983; accepted 16 September 1983.

this watershed to gain a better perspective of the overall
nutrient dynamics of an agricultural ecosystem.

SITE DESCRIPTION

The study site is a small subwatershed of the 3,332-
ha Rhode River drainage basin. The Rhode River lies
within the mid-Atlantic Coastal Plain along the west-
ern shore of Chesapeake Bay =20 km south of An-
napolis, Maryland (38°53'N, 76°33'W). The subwa-
tershed studied (Fig. 1) is a 16.3-ha basin of which 10.4
ha was planted with corn. Cropland was tilled prior to
planting and preemergent herbicides were used to con-
trol subsequent weed growth. Riparian forest and hedg-
erows were composed of broadleaved, deciduous trees
and accounted for the remaining 5.9 ha. The soils are
a fine sandy loam and are extremely deep (>600 m).
An underlying clay layer (the Marlboro Clay) is thought
to create an effective aquiclude near sea level for the
entire basin (Chirlin and Schaffner 1977). At the weir
the clay layer is at a depth of =2.0 m. Therefore, the
site contains a perched, shallow aquifer. Soils above
the aquiclude are noncalcareous and contain no phos-
phate minerals (Pierce 1982). Surface soil organic mat-
ter content and pH in the cultivated fields were 1.9%
and 5.6, respectively, when measured in 1977. The
basin slope is 5.44% and the channel slope is 2.65%.

MATERIAL AND METHODS
Sampling

Bulk precipitation for chemical analysis was contin-
uously sampled at an elevation of 13 m at the central
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FiG. 1.
of the watershed showing the positions of sampling transects
(<) and goundwater wells (x). Shading indicates cultivated
fields.

General location of the study area (inset), and map

weather station for the Rhode River watershed (2.3 km
from the study site). Collection was made in a clean
polyethylene bottle fitted to a 28 cm diameter poly-
ethylene funnel. Fiberglass window screen covered the
funnel to keep insects out. Samples were collected fol-
lowing each rain event, and the sampler was cleaned
and returned for use. The amount of rainfall was mea-
sured with a Belfort mass-recording rain gauge and a
standard weather bureau manual gauge at the central
weather station, and with a Steven’s tipping-bucket
gauge at the study site itself.

Stream discharge was monitored and water samples
taken at a 120° sharp-crested V-notch weir, the foun-
dation of which rested upon the Marlboro Clay layer.
The associated instrument shed was equipped with a
stilling well, depth monitor, and flow meter. The weir
was built and instrumented in the spring of 1976 and
both water and nutrient discharges have been mea-
sured since that time. Depth measurements were taken
every 5 min and recorded as digital data on a punch
tape. The flow meter was modified to close a sampling
switch every 38 m?* of discharge. Switch closure acti-
vated a sampling cycle in which a fixed volume of
stream water was pumped from the base of the V-notch
into sample containers. One sample bottle contained
sulfuric acid preservative for biologically labile chem-
ical species, the other contained no preservative. Sam-
ples were composited over weekly intervals for the 1-yr
study period beginning in March 1981 and ending in
March 1982. During a typical storm week over 2000
m? are discharged and over 50 samples taken. During
a single, intense, summer storm that occurred during
the study period 46 samples were taken in <12 h.
During periods of very low discharge (<10 m3/wk)
weekly grab samples were taken. Quickflow and slow-
flow rates were calculated graphically from the hydro-
graph (Barnes 1940). In this paper we equate surface
runoff with quickflow and subsurface or groundwater
flows with slowflow. Subsurface (groundwater) flows in
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the system represent soil water percolation above the
aquiclude. Seasons are defined in this paper as 3-mo
periods (winter = December, January, and February).

Two transects of groundwater wells, =180 m apart,
were established in the watershed (Fig. 1). Each transect
consisted of several clusters of samplers at different
elevations along the expected direction of flow. Each
cluster consisted of a central groundwater well (pi-
ezometer) and two lateral wells located =10 m to either
side and normal to the transect axis. Surface-water
collectors located to collect only overland flow were
associated with each groundwater well along transect
1. A total of 18 wells and nine surface water collectors
were used. Surface-water collectors consisted of 4-L
polyethylene bottles placed into holes in the soil in an
inverted position. A rectangular slot was cut in the
uphill side of the bottle at ground level and a short
plastic apron was glued to the bottom of the slot and
spread uphill to funnel surface flow into the bottle.
Plastic tubing sealed into the cap of the inverted bottle
allowed samples to be withdrawn without disturbing
the sampler. Air was briefly bubbled through the sam-
ple to suspend particulates before the sample was with-
drawn. Samplers were emptied prior to expected storm
events and periodically cleaned. Groundwater wells
consisted of 3.8 cm (inside diameter) polyvinyl chlo-
ride pipe perforated with 2.5-mm holes for 8 cm on
the lower end. The bottom of the pipe was capped.
Well holes were bored with a bucket auger either to
the top of the Marlboro Clay or to a 4 m depth, which-
ever came first. Most wells were between 1.5 and 3.0
m deep. The pipes were inserted into the augered holes
and clay packed around the pipe at the soil surface.
The pipes extended =~0.4 m above the ground and a
loose cap was placed over the top. In all but one case
the cluster of wells also had a fourth, shallower, ground-
water well. On the day following a storm, water table
heights were measured and wells pumped free of water.
Samples were taken of the fresh groundwater the fol-
lowing day. When groundwater levels were low, equal
volumes from each well within a cluster were com-
posited to obtain enough sample for chemical analysis.
Samples were returned to the laboratory and stored in
the dark at 1.1°C. Aliquots for dissolved-nutrient de-
terminations were filtered through prewashed Milli-
pore HA membrane filters (0.45 um nominal pore size)
the day of collection and then returned to cold storage.

Nutrient analysis

Unfiltered rainfall samples were analyzed for nitrate,
total Kjeldahl-N, ammonium-N, total-P, orthophos-
phate-P and organic matter concentrations. Surface
runoff and groundwater samples were filtered and
the filtrate analyzed for ‘“‘dissolved” nitrite, nitrate,
total Kjeldahl-N, ammonium-N, total-P, orthophos-
phate-P and organic matter concentrations. Unfiltered
(whole) surface runoff samples were also analyzed
for exchangeable ammonium-N, total Kjeldahl-N, ex-



