
Water resource quantity and quality
issues will continue to be of concern
throughout the United States as the
population expands, land development
Continues, and food and bio-energy pro-
duction demands grow. Flooding, drought,
and potential water quality impairment by
anthropogemc activities or natural processes
will be significant topics for water resource
managers, researchers, and policy makers for
the foreseeable future. Of particular interest
currently to agricultural policy makers are
the effects that various agricultural land and
water conservation measures have on water
resources. A large body of research shows
that nutrients originating from agricul-
tural activities are associated with increased
levels of nitrate-N in groundwater, degraded

stream and lake water quality, and envi-
ronniental problems in estuaries and coastal
waterways (Ritter and Bergstrom 2001).
The sources of the nutrients include fertil-
izers, animal wastes, mineralized soil organic
iliatter, and municipal waste solids (Ritter
and Bergstrom 21101). Nutrient losses to
surface and ground waters occur via the
processes of surface runoff, leaching below
the root zone, lateral flow to riparian areas
or streams, and artificial subsurface drain-
age. These processes are affected by climate.
soil properties, topography, nianageineiit
practices, and crop rotation. Reducing the
negative effects of nutrients on ground.
surface, and coastal waterways has been
major focus of agricultural research in the
past decades (Mostaghimi et al. 2(01).

The USDA's Natural Resource
Conservation Service and Agricultural
Research Service are working together on
the Conservation Effects Assessment Project
(CEAP) to quantify the effects of conser-
vation measures on water quality at the
watershed scale (Mausbach and Dedrick
2004). Long-term streamfiow and chemis-
try records are of particular value in assessing
watershed-scale effects of trends in climate,
land use, and land management on water
resources, and in gaining an understanding of
governing watershed processes. Such records
provide the basis for long-terni trend analy-
sis and a standard against which to calibrate
and validate simulation models. A 30-year
hydrology and stream chemistry record exists
for the Little River Experimental Watershed
(TRE' T) in southwestern Georgia, near
Tifton. one of the original 12 benchmark
USDA Agricultural Research Service water-
sheds identified in the CEAI1 initiative
(Maushach and Dedrick 2004). Nutrient
concentrations and loads of portions of the
chemistry record have been analyzed and
published previously (Sheridan et al. 1983:
Lowrance et al. 1983, 1984a, 1984b, 1985;
Lowrance and Leonard 1988); however,
trends over the entire three-decade length of
record have not been investigated.

The LREW is a 334 km2 (129 mi2) drain-
age in the headwaters of the Suwannee River
Basin. The headwaters of the Little River
are located approximately 9 km (6 mi) west
of Ashburn, Georgia, and tile instrumented
study area extends to the southeast approxi-
mately 36 km (22 mi) to 6 kill (4 mi) west
of Tifton, Georgia (figure la). The entire
LREW (Little River Basin [LRI3]) con-
tains seven other subwatersheds (lRF, LRI,
LRJ, LRK, LRM, LRN, and LRO) ranging
in size froni 9 to 113 km 2 (3.5 to 44 niP)
(figure 1 b). Stream slopes range from 0. 1% to
0.5%: upland slopes are gentle and typically
less than 5%. Tile mean sea level elevatioil in
the LREW r.uiics foln 4() in (470 tO it the
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Abstract: Long-term stream water quality data may provide opportunities to study the effec-
tiveness of conservation practices.The first three decades of data for the Little River in south-
western Georgia were analyzed for trends as part of the Conservation Effects Assessment
Project. Concentrations and loads for chloride, ammonium-N, nitrate plus nitrite-N, total
Kjeldahl N, total P, and dissolved molybdate reactive phosphorus were determined froni 1974
through 2003 for eight nested subwatersheds in the Little River Experimental Watershed.
There was a statistically significant downward trend for annual mean total phosphorus con-
centration in five subwatersheds and an upward trend for chloride in three subwatersheds.
The decrease in total phosphorus concentration occurred primarily in winter.Trends in phos-
phorus and chloride concentrations did not appear to be related to land use. There were no
statistical differences in annual streamtlow or nutrient loads expressed on a per area basis
among the nested subwatersheds. Annual and seasonal flow-weighted mean concentrations
were different among the sub-watersheds for nitrate-N and chloride.The larger subwatersheds
had significantly higher nitrate-N iTi winter and spring. The nutrient loads and concentra-
tions from these suhwatersheds were an order of magnitude less conipared to other agricul-
tural watersheds. Conservation practices were implemented on 11% of the watershed area
from 1980 to 2003; however, the affects of the practices on watershed water quality was not
clear. Earlier short-term studies attributed the low levels of nutrient transport to the pres-
ence of extensive riparian forests and the general prevalence of forest in these mixed land use
watersheds.
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I'	Figure 
(a) Little River Experimental Watershed location in the Suwannee River Basin. (b) Little River Experimental Watershed subwatersheds.
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top of the watershed to 81 m (266 ft) at the
outlet, L RB (Sheridan 1997).

The following is a review of research find-
ings that involve the stream nutrient records
at the LREW. Sheridan et al. (1983) devel-
oped nitrate-N, dissolved nsolybdate reactive
phosphorus (DMRP), and chloride (Cl) bud-
gets for the 1.665-ha (4,114-ac) LRK from
the stream water chennstrv and flow data col-
lected from 1975 to 1978.They reported that
average annual streaniflow losses of the three
nutrients for this period were 0.3, 0.15, and
37.1 kg lia y'(0.27, 0.13, and 33.1 lb ac
yr'), respectively. Streaniflow nutrient loads
were used to develop nutrient budgets for the
entire 1,568-ha (3,875-ac) LRN and for the
riparian zone of the suhwatershed with 1979
data (Lowrance et al. 1983, 1984a, 1984b).
Of the nitrate-N entering the riparian zone
from upland water discharge and bulk pre-
cipitation, only about 1/3 (3.9 kg N ha-' y')
(3.5 lb N ac yr) was discharged through
streamflow. This annual streamfiow load of
total N was about 29% of the input to the
watershed via precipitation. The nitrate-N
oiiccntJJtRii sv.i highest during the \vilitcr

months (January. February, March) and low-
est during the summer months (Jul) August.
September) (Lowrance et al. 1984a). Annual
streamfiow loads of nitrate-N, amnioniuni-
N, organic-N. total N, DMRP, total P, and Cl
for LRJ, LRK, LRN, and LRO for the years
1979 to 1981 were used to determine water-
shed nutrient budgets (Lowrance et al. 1985).
Streamfiow loads of N and Cl were higher
for LRN and LRO than for LRJ and LRK,
but loads ofDMRP and total I' did not show
this same trend. Land use in LRN and LRO
averaged 52% row crops and pasture while
LRJ and LRK averaged 38% row crops and
pasture. Although the differences in land use
did not affect the ratio of streamfiow runoff
to precipitation, the larger areas in crop and
pasture in LRN and LP-0 did increase the
N load from the subwatersheds (Lowrance
et al. 1985).

Streainflow nutrient concentrations and
loads were determined for LRM, LRK,
LRJ, LRI. and LRF, in a study that spanned
four years, from spring 1982 to spring 1986
(Lowrance and Leonard 1988). Anal ysis of
stori n event data indicated di at strean it] ow

nitrate-N concentration was enriched and
Cl concentration was diluted during storm-
flow relative to baseflow. The results for P
were mixed. Dissolved niolybdate reactive
phosphorus concentration was enriched in
LRJ, while total 1' concentration was diluted
in LRJ and LRI. The other P concentrations
showed no effect. Mean concentrations and
loads obtained by sanipling at 3-h and 12-
h intervals were not significantly different
from one another. The study results showed
that streamfiow nutrient loads were not cor-
related to percent of land in spring-planted
row crops. However, there was correlation
between nutrient loads and area in winter
wheat, a crop that was typically fertilized in
late fall or early winterjust prior to the period
of highest rainfall, lowest evapotranspiration
and highest leaching potential in this region
(Lowrance and Leonard 1988). Other studies
in the LKEW conducted on representative
upland areas estimated surface and subsurface
losses of nitrate-N (Hubbard and Sheridan
1983) and identified the division of surface
and subsurface N losses by nitrate. ainnio-
niuni. and organic N (Losvraiiee 1 1 92).
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Figure 2
Aerial photo showing riparian forest typical of the Little River Experimental Watershed.

0^
Thn paper adds to the earlier reports on

LR EW using stream nutrient concentrations
and loads fo r LREW for the first 30 years of
data collection. Our objectives were (1) to
deternnne if there are ]oil,,-terni annual or
seasonal trends in stream nutrient concentra-
tions or loads; (2) to determine if there are
seasonal differences in concentrations and
loads; and (3) to determine if there are dif-
ferences i l l nutrient concentrations or loads
an ioiig the subwatcrhcds of thc LREW.

MateriaLs and Methods
1itershed Soils and Climate. The soils of

the uplands are typically low-fertility sands,
loamy sands, and sandy loams with high
infiltration capacity, underlain at a depth
of I to 2 in (3.3 to 6.6 ft) with a plinthic
layer of dense clay to sandy clay loam with
low hydraulic conductivity. The soils are
developed from the underlying Hawthorne
forniation, a formation of Miocene age
consisting chiefly of interbedded sand, clay,
claystone, and lunestone or from small areas
of deep sands located on the eastern side of
major streani channels.The major part of the
Hawthorne formation forms the confining
layer for the underlying principal artesian
aquifer (Stririgfield 1966). The Hawthorne
formation, and soil plinthic layers, limit
deep recharge of the underlying principal
artesian aquifer and divert percolating soil
Water to the dendrinc stream channel net-
work through lateral subsurface flow. Surface
runoff from agricultural uplands occurs
both when intense rainfall exceeds infiltra-
tion rates and when water tables are near the
surface and soil available water storage is
n-innnial.The alluvial lowland soils are poorly
drained and generally support wetland veg-
etation. The riparian forests occupying these
wetland soils are a dominant feature of the
watersheds (figure 2). The alluvial soils have
seasonal high water tables with more exten-
sive swamps along larger streams, which are
flooded for much of the winter and spring.
Precipitation for the 30-year period from
1974 to 2003 averaged 1,213 mm (48 in).
The ratio of annual streamflow to annual
precipitation for the entire watershed (LRB)
has been 0.27 over this period of time and
has remained relatively stable (Bosch et al.
2006). Two distinct runoff periods have
been noted for the LREW (Sheridan 1997).
On average, 73% of the annual streamfiow
was nieasured at the LREW outlet during
January through April when, on average,
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37% of average annual rainfall occurred.
During those four months, 54% ofprecipita-
tion became streamfiow whereas only 12%
became streaniflow during the remainder of
the year.

Land Use. Land use in the LREW is pri-
marily forest and agricultural, with less than
10% of the area being attributed to urban
and water (table 1) (Bosch et al. 2006). Using
LandSat images. Bosch et al. (2006) estimated
that over the period from 1975 to 2003 for-
ested area ranged from 41% to 56% of the
watershed and that the tilled land ranged
from 31% to 52%; pasture accounted for 2%
to 10% (figure 3). During the 1980 to 1985
time frame, some forest was converted to agri-
cultural land use, but the areas were relatively
small. Although land will remain in forest for
long periods of time, there were some rela-
tively large forest tracts harvested during the
record period. For example, Lowrance and
Leonard (1988) noted that 240 ha (593 ac) of
timber was clear cut in LRI in the fall of 1982.
During the 1990s and continuing to present,
there has been a trend to plant pine trees on
previously cropped land as a conservation
measure. Over the 1974 to 2003 period, the
National Agricultural Statistics Service data
for Turner County, which contains 59% of

vz^

LREW. indicated major trends in proportion
of total acres planted for corn, soybean, and
wheat (decrease), and for cotton (increase)
(figure 4) (Feyereisen et al. 2006). During
these decades peanut was a major crop,
accounting for 30% to 55% of the planted
acreage.

Conservation Practices. Sullivan and
Batten (2007) published information about
the iniplententation of conservation practices
in the LREW froni 1980 to 2006, including
a summary of statistics about the area hav-

ing conservation practices applied and the
types of practices used (figure 5) (Sullivan
and Batten 2007). Froni 1980 to 2003, con-
servation practices had been implemented
on approximately 11% of the area iii the
LREW (Sullivan and Batten 2007). Using
the cumulative acreage of conservation prac-
tices iniplemented by 2003 as a baseline,
adoption rates were generally <3% per year
from 1980 to 1990 and rose steadily from
1990 to 1999. Adoption rates declined until
they were <1% per year for 2002 to 2003,
prior to new activity occurring in response
to the 2002 Farm Bill. The most prevalent
conservation practices identified were: nutri-
ent management, pest nianageinent, grassed
waterways, contour farming, seasonal residue
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Table i	 -	 --	-	--	-	-1 I
Land-use classifications derived from the LandSat images collected from 1975 to 2003 for Little River Experimental Watershed (data adapted fromBosch et at. 2006).

Percentage of total watershed acreage
Classification	June 4, 1975	July 11, 1980	July 2, 1985	June 14, 1990	Aug. 15, 1995	July 20, 200.3
Fallow	 NC*	 16%	 10%	 181/c	 7%	 4%General agriculture	34%	 20%	 42%	 22%	 33%	 27%Total tilledt	 34%	 36%	 52%	 40%	 40%	 31%Water	 0%	 1%	 1%	 2%	 2%	 2%Pasture	 5%	 2%	 6%	 3%	 5%	 10%Riparian forest	23%	 29%	 22%	 24%	 28%	 28%Upland forest	 26%	 27%	 19%	 24%	 20%	 22%Total forest	 49%	 56%	 41%	 48%	 48%	 50%Urban	 12%	 5%	 1%	 6%	 5%	 7%
* NC = land use not included in the classification.
t Total tilled area includes both fallow and general agriculture.

L
f Total forest area includes both upland and riparian forest.

Figure 3

Results of the land-use classification of the Landsat images (adapted from Bosch et al. 2006).
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Figure 4
Periods of differing cropping systems in Turner County, (a) 1985 to 1990 and (b) 1998 to 2003

(adapted from Feyereisen et al. 2006).
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Figure 5
Overall trends in USDA Natural Resources Conservation Service assisted conservation practice
adoption from 1980 through 2006.

Notes: Data along the primary y axis depict the annual conservation practice adoption as a
percentage of the total acreage in conservation practice forth e entire period. Data along the
secondary y axis depict the cumulative percentage in conservation adoption overtime (adapted
from Sullivan and Batten 2007).

management, and terraces. The map of con-
servation practices developed by Sullivan and
Batten (2007) indicated that implementation
of conservation measures were focused on
LRN and LRO, which have a higher percent
agricultural land use, but which unfortu-
nately have an interrupted water quality and
hydrology measurement record.

Stream Discharge Measurements. The
eight LREW flow measurement structures
were installed between 1967 and 1971
(Yates 1976) (figure lb). Flow measure-
ments at LRB, LRF, LRI, LRJ, and LRK
have been continuous since their establish-
ment. Flow measurements at LRM, LRN,
and LR.O are for shorter periods with a gap

of approximately 20 years in the record. The
flow measurement structures are horizontal
broad-crested concrete weirs, each with a
center v-notch. The structures at LRB, LR.F,
and LRI are located at highway bridges:
the remaining five structures are located at
highway box culverts. A digital, punched-
tape recording system was used from 1967
thru 1992 to record the water levels every
five minutes upstream and downstream from
the weirs. From 1993 to the present, pres-
sure transducers and electronic recording
equipment have been used to measure and
record water levels. The water level readings
were converted to rate-of-flow values cal-
culated from rating equations developed for
each weir. The five-minute rate-of-flow val-
ues were summed to provide total flow data
on a daily basis. Additional details of the flow
measurement and instrumentation system,
the associated data management system, and
the quality and availability of the data can he
found in Sheridan et al. (1995) and Bosch
and Sheridan (2007).

An initial network of 52 rain gauges, spaced
at approximately 2- to 8-km (1.2- to 5.11-mi)
intervals, was established over the LREW to
measure and record precipitation The network
was altered in 1982 to reduce data collection
and processing requirements. Currently there
are 46 gauges and three meteorological sta-
tions in the LR_EW. Additional details about
the precipitation monitoring system are found
in Sheridan et al. (1995), Sheridan (1997). and
Bosch et al. (2007).

Water  Chemistry Measurements. The
methods of water sample collection were
modified over the 30-year period, reflect-
ing changes in research needs, specific
study objectives, laboratory funding levels,
and technological advances. Samples were
taken weekly or more often by one of the
following methods: manual grab (MG);
automated, timed, discrete (AID): auto-
mated, flow-weighted composite (AFWC),
non-refrigerated; and automated, flow-
weighted composite, refrigerated. Table 2
identifies the timeframes the various sampling
methods were used on each subwatershed.

Manual grab samples during the 1974 to
1978 period were collected from the flow
over the weir. Manual grab samples collected
after that were obtained from the stilling area
immediately upstream of the control weir at
each gauging station. All pumped samples
were also taken from the stilling area imme-
diately upstream of the control weir at the
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Table 2
Dates of flow measurements and various sampling methods for each subwatershed in the Little River Experimental Watershed.

Automated,	 Automated,
Flow	 Automated,	 flow composite,	 flow composite,

Subwatershed	measurements	Manual grab	 timed, discrete	 nonrefrigerated	 refrigerated

I
LRM	 1974 to 1986

2002 to present
8/15/1974 to 12/28/1977
1/25/1979 to 4/24/1981
1/8/1982 to 4/9/1982
12/1986
1/7/2002 to 4/29/2002

4/13/1982 to 4/2/1986	— 5/6/2002 to present

12/22/1978 to 12/25/1981	—	 5/6/2002 to present

12/23/1978 to 12/30/1981	1/20/1995 to 12/30/2002	1/6/2003 to present

1/20/1995 to 12/30/2002	1/6/2003 to presentJ

LRK	 1974 to present	1/24 to 8/15/1974
4/2/1993 to 1/12/1995

[RI	 1974 to present	1/24/1974 to 8/18/1978
1/12/1990 to 12/30/1994

LRI	 1974 to present	1/24/1974 to 4/2/1982
12/12/1986 to 1/12/1995
1/14/2002 to 3/31/2003

LRF	 1974 to present	2/1/1974 to 3/26/1982
12/5/1986 to 1/12/1995

LRN	 1974 to 1981	1/28/1974 to 12/14/1978
2002 to present	1/7/2002 to 4/29/2002

LRO	 1974 to 1981	1/28/1974 to 12/22/ 1978
1993 to present	2/11/1993 to 1/12/1995

LRB	 1974 to present	1/28/1974 to 1/12/1995

L

8/21/1974 to 3/26/1993	1/20/1995 to 12/30/2002	1/6/2003 to present

12/28/1978 to 1/2/1990	1/20/1995 to 12/30/2002	1/6/2003 to present

4/6/1982 to 3/30/1986	1/20/1995 to 12/29/2003	1/5/2004 to present

4/2/1982 to 4/2/1986	1/20/1995 to 12/29/2003	1/5/2004 to present

gauging stations. Analyte concentrations
measured for the MG and ATI) pumped
samples represent instantaneous concentra-
tions. The All) samples were selected for
analysis depending on the goals of particular
studies. For 1979 to 1986, ATD  samples were
collected at 12-hour intervals. AU samples
during a storm event (rising or falling limb
of bydrograph) were analyzed, and selected
haseflow samples were analyzed (Lowrance
t al. 1985: Lowrance and Leonard 1988).

For one study period (December 19, 1985,
to February 27, 1986), ATI) samples were
taken every three hours on LRJ and LRI
md all samples were analyzed (Lowrance and
Leonard 1988). Additional details of AID
sampling methods have been published by
Lowrance and Leonard (1988). Automated,
i1ov-weighted composite samples have been
obtained by programming automated water

uality samplers to draw sample quantities at
intervals of equal streamfiow volume. Thus.
hc \1 \\ C	 tho Im , 111 0011

centratlon over the sampling period. The
composite samples are collected weekly.
Each composite sample consists of 14 to 180
subsamples depending on the flow rate. The
AFWC samplers were converted to refriger-
ated samplers in 2002 and 2003.

Concentrations of dissolved NO, + NO,-
N, NH,-N, Cl, and DMRI' were determined
using US Environmental Protection Agency
approved colorimetric techniques (American
Public Health Association 1976; Clesceri et
al. 1998). Total Kjeldahl N and total P were
determined on digestates of unfiltered sam-
ples (Technicon 1977: Lachat Instruments
1997). From, the beginning of the record
period through 1986, these analyses were
conducted on a Tcchnicon Autoanalyzer II
instrument. Beginning in 1987 through the
present, these analyses were conducted using
Lachat flow injection analyzers. Nitrate-N
monitoring began in 1974; however, data
from the 1992 to 1997 timeframe were not
tisal1c I'cc,iioc 4 .111 ftOI.	 IittrinhIcllt

detection limits. Dissolved inolybdate reac-
tive phosphorus and Cl analysis was begun in
1975. Aninionium-N, total Kjeldahl nitro-
gen, and total P analysis was begun in 1979.
The total P data from the 1992 to 1996
timeframe were not usable because a labora-
tory detection limit issue resulted in total P
concentrations being recorded as zero. The
laboratory Cl concentrations for LRF for
1975 to 1978 were approximately an order
of magnitude lower than expected and were
therefore eliminated from the analysis.

Additional details about the LREW water
chemistry measurement system and availabil-
ity of conceiltratiori and load data are found
in Fevereisen et al. (2007).

Data Analysis. Streamfiow nutrient loads
(kg ha) were calculated by summing the
product of the nutrient concentration and
volume of streamnflow corresponding to the
sampling period. Flow-weighted mean con-
centrations (nig rH) were c.ilculated both

too Ji,IioI,	coo	,I11	too ccli	.001]
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Figure 6
Annual precipitation and streamfiow for LRK, 1 974 to 2003.

J1l5 hvdiologie war.Thew will be rcti.-ried
to as annual or seasonal flow-weighted ineaii
(FWM) concentrations. The FWMs were
calculated by summing nutrient loads over
the year or season and dividing by the vol-
ume of flow over the same period. Annual
and seasonal FWM concentrations were used
ill statistical analyses to determine trends
and to test for differences among watersheds
and among seasons.

All of the Littler River Sites are intermittent
streams. Historically in the LREW, precipita-
tion increases, evapotranspiration decreases,
and stream-flow begins iii I )ecember. Thus,
the data were analyzed oil hydrologic year
basis, froni December 1 through November
30. Since nitrate-N stream concentration
measurements began January 1, 1974, daily
nitrate loads were estiniated for December
1973 based oil concentration ver-
sus nionthly flow for the years 1974 to 2003.

Hydrologic year stream-flow and nutrient
concentrations versus year were analyzed
using the Statistical Analysis System (SAS)
(SAS Institute 2002) General Linear Models
(GLM) procedure. Trends were identified at
the a = 0.05 and a = 0.10 levels of signifi-
cance. Flow-weighted mean concentrations
and annual nutrient loads were compared
among the suhwatersheds using SAS (SAS
Institute 20)12) GLM Procedure with
Duncan's multiple range test to determine
significant differences in concentrations and
loads among suhwatcrsheds. Shorter stream
chemistry records are available for LRM,
LRN, and LRO. Since comparison of means
needs to be made on records with equivalent
years, we excluded these three subwatersheds
in the analysis of mean concentrations and
loads. The subwatersheds were included in
the analyte concentration trend analysis.

Statistical analysis was performed with the
GLM procedures using the Duncan's Multiple
Range Test (SAS Institute 2002) oil
nicans of streaniflow and FWM concentra-
tions by stibwatershed (LRB, LRF LRI. LRJ,
and IRK) and among watersheds.The seasons
Were defined as winter (December, January
February), spring (March, April, May), sum-
mer unc,July, August), and fall (September,
October. Novemher).Trend analysis was per-
formed oil concentrations by season
for all eight subwatersheds using the SAS
GLM procedure (SAS Institute 2002). As
with the annual analysis, trends were identi-
fied at the a = 0.05 and a = 0. I)) levels of
Signi ficaiicc.

Results and Discussion
Annual Precipitation and Stream/lou'
Quantity and Quality. There were no sta-
tistically significant trends for annual stream--
flow from 1974 to 2003 for any of the sub-
watersheds, nor were there significant dif-
ferences iii niean annual streainflow among
the watersheds. However, the annual mean
precipitation has decreased over this period,
for example, on average by 5.4 nm-i y
(0.21 ill 	and stream-flow by 2.5 nun 
(0.10 in yr '), respectively, iii LRK (figure
6). The trend is driven by five years of below
average precipitation from 1999 to 2003.

Streaniflow; means of the annual FWM
concentrations and number of years of data
for each analyte (o) for LRB, i,RF, LRI, LRJ,
and LRK are shown in table 3. Although
there was not a statistical difference in flow
among the watersheds, flow tended to be
greater for the smaller watersheds. The
smaller, nested watersheds are in the upland,
have steeper slope and a higher percentage
of forested land use. The nitrate-N concen-
tration of LRF was higher than the smaller
LRJ and LRK. Chloride concentrations at
the LREW outlet, LRB, and at the largest
of the nested subwatersheds, LRF, were sig-
nificantly higher than the concentration at
LRJ. Also, Cl concentrations for LRF were
higher than for LRK. Ammonium-N, total
Kjeldahl nitrogen. DMRP, and total P con-
centrations were statistically the same across
subwaterslieds. The concentrations are low
for agricultural watersheds. For comparison
purposes. Jaynes et al. (2004) reported annual

average FWM nitrate-N concentrations of
11.3 and 16.0 mg N I;' (ppm) from two
subbasins in a 400-ha (988-ac) tile-drained
subbasin in central Iowa, nearly two orders
of magnitude greater than the concentra-
tions in the LREW. Mean annual nutrient
loads oil subwatcrshed per hectare basis are
shown in table 4. There were no significant
nutrient load differences anion , subwater-
sheds. On a per hectare basis, nitrate-N load
from these Coastal Plain watersheds, rang-
ing from 0.58 to 0.94 kg N ha y (0.52
to 0.84 lb N ac' yr'). are a small fraction
of that observed in agricultural watersheds
in the Midwest. Again, for cxainplc,Jaynes et
al. (1999) nieasured annual stream loads of
4 to 66 kg N ha 1 y (3.6 to 58.9 lb N ac
yr) (average of 29 kg N ha ' y' average of
25.9 lb N ac yf']),in the 5,13(1-ha (12.68))-
ac) Walnut Creek watershed in central Iowa
over the years 1992 to 1995. Past research in
the LREW has shown that a relatively large
aniountof N, 56 kg N ha y' (50 lb N
ac yr 1), is either retained in the watershed
or lost through denitrification (Lowrance et
al. 1985).

Trend analysis results showed a signifi-
cant trend for three of seven analytes tested
(table 5). At the a = (1.1(1 level, the analysis
indicated that annual FWM total P concen-
trations decreased in of the five major
subwatersheds (LRB, LRF, LRI, and LRJ)
plus LRO (table 5).An increasing trend in Cl
concentration was identified in LRJ, LRN.
and LRO. Chloride is not subject to biologi-
cal reactions in the riparian zone and stream
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Table 3
Mean annual streamfiow and means of annual flow-weighted mean nutrient concentrations for five subwatersheds.

Flow	1403-N	NH,,-N	TKN	 DMRP	Total P	ClSubwatershed	(mm)	n	(mg L- 1) n	(mg L- 1 )	n	(mg 1-1)	n	(mg L- 1 )	n	(mg L 1) n	(mg L-1)
LRB	 333a	30	0.21ab	24	0.087a	25	1.57a	25	0.040a	29	0.27a	20	9.75ab	29LRF	 363a	30	0.23a	24	0.077a	25	1.66a	25	0.048a	29	0.20a	20	10.09a	25LRI	 419a	30	0.16ab	24	0.063a	25	1.48a	25	0.036a	29	0.20a	20	8.95bc	29LRJ	 405a	30	0.15b	24	0.066a	25	1.67a	25	0.037a	29	0.19a	20	8.55c	29LRK	 383a	30	0.14b	24	0.065a	25	1.70a	25	0.036a	29	0.19a	20	8.65bc	29
Notes: n number of annual observations. TIKN = total Kjeldahl nitrogen. DMRP dissolved molybdate reactive phosphorus. Different letters within
a column indicate differences for a = 0.05.

Table 4
Mean annual nutrient loads on five subwatersheds.

Load (kg ha-1)
Subwatershed	NO3-N	n	NH,-N	n	TKN	n	DMRP	n	Total P	n	Cl
LRB	 0.84a	24	0.32a	25	5.58a	25	0.12a	29	0.59a	20	31.1a	29LRF	 0.94a	24	0.31a	25	6.50a	25	0.16a	29	0.64a	20	34.Oa	25LRI	 0.76a	24	0.31a	25	7.06a	25	0.14a	29	0.69a	20	35.5a	29[Ri	 0.70a	24	0.32a	25	7.90a	25	0.15a	29	0.64a	20	32.6a	29LRK	 0.58a	24	0.30a	25	7.11a	25	0.14a	29	0.56a	20	30.4a	29
Notes: n = number of annual loads used in calculations. TKN = total Kjeldahl nitrogen. D M R P = dissolved molybdate reactive phosphorus. Different

[letters within a column indicate differences for a = 005.

channel, and concentrations of Cl have
been shown to decrease during stormilow
and years with higher flow rates (Lowrance
and Leonard 1988). Thus, the Cl trend is to
he expected as precipitation, and flow rates
were lower in the last five years of the study
period. For = 0.10, an increasing trend in
ammonjuin-N concentration was observed
in LRJ and LRK.

Seasonal Streatnflou' Quantity and
Quality. Streamfiow by sub-watershed for
the 30-year study period was not statisti-
cally different among the five subwarersheds
analyzed on a seasonal basis (table 6).

However, for each subwatershed, stream-
flow was significantly higher in winter and
spring than in summer and fall. Although
the mean winter flow was greater than mean
spring flow in every subwatershed, and mean
summer flow was greater than mean fall
flow, there were not significant differences
between winter and spring or summer and
fall flows.

There were significant differences among
watersheds by season for mean nitrate-N
(table 7) and Cl concentrations (table 8).
During the winter. nitrate-N concentrations
were higher in LRF than in the smaller,

nested LRI, LRJ, and LRK, and during the
spring were higher in LRB than in LRK.
Through summer and fijI], seasons with the
lowest flow, the highest uptake of water
and nutrients by plants, and the highest
rates of biological processing, i nean nitrate-
N concentrations were the same among
the watersheds. During winter and spring,
seasons with higher flow rates, lower evapo-
transpiration demand, and lower biological
processing rates, higher strearn nitrate-N
concentrations may be expected. This was
indeed the case for LRB and LRF, but not
for the smaller nested LRI, LRJ, and LRK,
for which nitrate-N concentrations were
not significantly different among seasons.
Chloride concentration was higher in fill
than in at least one other season for each
subwatershed (table 8). Results were similar
for LRB and 1-RE: fall concentrations were
higher than those for spring and summer.
For Ll&.J and LRK, Cl concentrations were
higher in fall than for all three other seasons.
Since Cl is a conservative ion for which bio-
logical uptake is insignificant, it is expected
that concentrations would be higher during
periods of low flow, e.g. fall, and lower dur-
ing periods of high flow, e.g. spring. The
mixed results among the subwatersheds for
winter and summer seem to support a lag
or delay in Cl stream concentration changes

Table 5
Results of analysis for trends in annual flow-weighted mean concentrations.
Parameter	B	F	 K	M	N	0
NO 3-N	-	-	-	-	-	-	-	-
NH,-N	-
TItN	-	-	-	-	-	-	-	-
TotaIN	-	-	-	-	-	-	-	-
DMRP	-	-	-	-	-	-	-	-
TotaIP	d	D	d	D	-	-	-	D
C 	 -	-	-	I	-	-	I	I
Notes: TKN = total Kjeldahl nitrogen. DMRP dissolved molybdate reactive phosphorus. - = not
significant. D = significant decreasing trend. I = significant increasing trend for a = 0.05. Lower-
case letters indicate significance for a = 0.10.
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Table 6
Mean seasonal streamfiow for five nested subwatersheds, 1974 to 2003, n 30.

-	 Flow (mm)-

subwatershed	Winter	 Spring	 Summer	 Fall

LRB	 x145.0	x130.8	y34.1	 y23.5

LRF	 x157.7	x137.7	y37.8	 y29.6

LRI	 x182.9	x156.1	y43.9	 y36.5

LRJ	 x178.7	x153.3	y41.6	 y32.2

LRK	 x165.0	x147.1	y39.8	 y30.7
Notes: Different letters within a row indicate differences for ci = 0.05. There are no significant
differences among watersheds for any of the seasons.

Table 7
Means of seasonal flow-weighted mean concentrations for NO 3-N on five watersheds.

SubwaterShed
	 Winter	Spring	Summer	Fall

LRB
	 Concentration (mg L 1 )	xO.19ab	xyo.16a	xyO.12a	yO.09a

30	30	27	26

LRF
	 Concentration (mg L 1 )	xO.26a	yO.14ab	yO.13a	yO.08a

n	 30	30	27	25

LRI	 Concentration (mg L)	x0.151b	xO.lOab	xO.08a	xO.08a

n	 30	30	25	23

LRJ
	 Concentration (mg L 1 )	xO.14b	xO.lOab	x0.09a	xO.08a

n	 30	30	24	22

LRK	 Concentration (mg L)	xO.13b	xO.09b	xO.12a	xO.14a
on	07	25n	 La

Notes: n = number of observations. The letters a and b indicate differences within a column for
= 0.05. The letters x and  indicate differences within a row for ci 0.05.

Table 8
Means of seasonal flow-weighted mean concentrations for Cl on five watersheds.

Subwatershed	 Winter	Spring	Summer	Fall

LRB	 Concentration (mg L')	xylO.45ab	y9.51ab	y9.47ab	x11.62a

n	 29	29	27	26

[RE	 Concentration (mg L 1 )	xy10.96a	y9.66a	ylO.lOa	x12.29a

n	 25	25	22	20

[RI	 Concentration (mg L')	xy9.36bC	y8.37bc	xy9.16ab	x10.64a

n	 29	29	25	23

[Ri	 Concentration (mg L 1 )	y9.01c	y8.06c	y8.32b	x11.51a

0	 29	29	24	22

[PR	 Concentration (mg L)	y9.03c	y7.93c	y8.74ab	x11.56a

n	 28	29	27	25
Notes: n = number of observations. The letters a, b, and c indicate differences within a column
for ci = 0.05. The letters x and y indicate differences within a row for a = 0.05.

between annual high (fall) and low (spring)
concentrations for the larger watersheds
(LRB, LRF, and LRI). Analysis by season
among watersheds shows that fall Cl concen-
trations are statistically the same among the
watersheds, as was the case with nitrate-N
concentrations. LRF had the highest con-

observed in DMRP concentrations was for
fall, when LRB was greater than LRI, LRJ,
and LRK.

Trend analysis results for seasonal FWM
concentrations showed a decreasing trend for
total P and an increasing trend for Cl, simi-
lar to the trends observed in annual FWM
concentrations (table 9). For these two ana-
lytes, all subwatersheds that had a significant
annual trend also had a significant trend for
the winter season. In addition, two subwatcr-
sheds (LRK and LRN) that did not exhibit
an annual total P concentration trend did
exhibit a decreasing trend for the winter
season. Fall season trends were similar but
not identical. Six of the eight subwatersheds
showed a significant increase (a = 0.05) in
Cl concentration in summer, potentially a
consequence of lower-than-average pre-
cipitation and streamfiow for 1999 to 2003.
There was a significant decrease iii total P
concentration in LRJ for summer and LRN
for spring. There were no other concentra-
tion trends in spring. Figure 7a depicts a time
series of annual FWM Cl concentration for
LRB for spring and fall. The fall concen-
tration exhibited an increasing trend while
spring concentration showed no trend. Mean
Cl concentration over the study period was
greater for fall than for spring. 11.6 to 9.5 ing
L' (ppm), respectively. The decreasing trends
in total P concentration for LRB shown in
figure 7b are statistically significant for win-
ter and not significant for spring.

The changes in sampling and analysis
methodology over the past 30 years of sam-
pling Little River are detailed in table 2.The
major changes in analysis that took place were
verified to provide equivalent results when
the changeover occurred from segmented
flow by Technicon auto-analyzer to flow
injection using Lachat instrumentation. The
major difference in sampling methodology
was the change from grab sampling to fixed
intake sampling. Fixed intakes were placed
15 to 30 ciri (6 to 12 in) from the stream hot-
torn while grab sampling was typically done
near the top of the water columns. Under
low flow conditions, these would be roughly
equivalent, but under high flow conditions,
there could be large differences in where the
sample was taken within the water column.
For LRK, which has the most observations,
comparison of the grab sampling to an auto-
mated timed discrete sampling period before
and to an automated flow composite non-
refrigerated sampling period after showed

centration in every season and was greater
than LRI, LRJ, and LRK in winter and
spring and LP..J in summer.

There were no statistical differences
among seasons by suhwatershed or among
watersheds by season, for arnnioniurn-N or
total Kjeldahl nitrogen. The only difference
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0	the LREW, with 40% of the cumulative
adoption occurring over the 1980 to 2006

-	timeframe taking place in 2004 to 2006,
Depending oil 	lag time required for these

-	conservation practices to affect watershed-
scale water quality changes, the next few

-	years should present all 	to mea-
D	sure post implementation benefits. In LRN,
I the. subwatershed with the highest percent

land use in agriculture and the highest per-
cent of land area with conservation practices

-	applied, comparison with past data will be
-	hampered by the relativel y short record
-	period. The conservation practice informa-
 tion presented by Sullivan and Batten (2007)

-	has been recently compiled .and additional
research to investigate relationships between

-	water quality parameters and applied con-
servation practices, the essence of CEAP, is
ongoing.

Table 9
Results of analysis for trends in seasonal flow-weighted mean concentration.
Parameter	B	F	I	J	K	M	N
Winter
NO 3-N	 -	-	-	-	-	-
NH 4-N	 -	-	-	-	-	-
TKN	 -	-	-	-	-	-
DMRP	-	-	-	-	-	-
TotaiP	D	D	D	D	D	-
CI	 -	-	-	 I

Spring
NO3-N
NH4-N
TKN
DMRP
Total P
Cl

Summer
NOf N

Summary and Conclusions
TKN	 -	-	-	-	I	i	-	-	As part of CEAP. we analy7ed streamf.1ov
DMRP	 D and water chenustry in the LR.EW for-	 -	-	-	-	-	-
TotaiP	 0 the first three decades of record. Annual-	-	-	 -	-	-	-
CI precipitation and streaniflow showed noI	I	I	I	-	-	I	I

statistically significant trends over the period
Fall

	

	
annual FWM concentration has decreased
1974 to 2003. During these years, total P

NO3-N	 -	-	-	-	-	-	-	
- significantly oil 	of the five majorNH4 N	 -	-	-	-	-	-	-	
-	subwatersheds and oilone of the threeTKN	 -	-	 -	-	-	-	i	subwatersheds with shorter stream chennstryDMRP	-	-	-	-	-.	-	-	-	records. Seasonal anal ysis showed that theTotal P	-	D	D	-	-	-	-	d	total P trend occurred primarily in winter.

CI	 I	-	i	-	 -	-	I	An increase in annual FWM Cl concentra-
Notes: TKN = total Kjeldahl nitrogen. DMRP = dissolved molybdate reactive phosphorus. - 	non was observed in [.RJ, LRN, and LRO.
not significant. D = significant decreasing trend. I = significant increasing trend for a = 0.05.	Seasonal Cl concentration increases wereLowercase letters indicate significance for Si = 0.10.	 noted in winter in the smaller LRJ, LRK,

LRM. LRN, and LRO, and in six of eight
subwatersheds in summer. Potential hypoth-

no consistent trends. Chloride was lower of the initial years of the study. Thus, land eses for the total P trend include reduction in
for grab samples, but NH 4 was the same for use patterns do not seem to match those of C1 animal agriculture in the watershed and less
the three sampling reginies. Ortho-P was and total P concentrations or loads. Over the erosion. Potential hypotheses for increased
higher for grab samples. The grab sampling three decades under consideration, there was Cl concentrations include several years of
period oil had detection limit prob- a marked decrease in tilled land use in corn, below-normal precipitation toward the end
lenis for nitrate-N and total P, and they were There is a potential relationship between this of the record and additional Cl input through
nut available for comparison. Overall, there	decrease and the decline in total P concen-	tropical storm rainfall.
seemed to he no consistent patterns related tration and load. However, the decrease in	Differences in annual nitrate-N and Clto the sanipling technique.	 corn acreage tended to be offset by cotton concentrations were seen between LRF and

The trends noted iii Cl and total P con- acreage. There are differences in fertilizer LRJ and LRK: however, annual nutrient
centration do not appear to be related to requirements between these crops, but it loads were not significantly different aniong
changes in land use (figure 3). Forest and would be difficult to determine whether the five major subwatersheds for any analyte
tilled fields represent over 75% of the land the change in cropping system was respon_ Strcanitlow by season was also statisticall y the
use in all of the subwatersheds. Although the sible in part for the decrease in total P or the same for the subwatershcds for each season.
tilled fields land use increased and forest land increase in Cl.	 Oil 	larger watersheds, LRB anduse decreased during the middle of the study	Beginning in 2004, conservation prac- LR.F mean seasonal nitrate-N concentra-
tiniefraine, each returned to a level near that	nec adoption increased dramatically in	tion was significantly higher ill winter than
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Figure 7
(a) LRB, flow-weighted mean Cl concentration: spring trend significant for a = 0.05. (b) LRB,
flow-weighted mean total P concentration: winter trend significant for a = 0.05-
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in fall; however, there were no differences
in nitrate-N concentration among seasons
oil the sirialler LRI. LRJ. and LRK. During
Winter, mean nitrate-N concentration was
significantly higher in LRF than LRI, l.RJ.
and IRK, and during spring was higher in
LR13 than LRK. Mean seasonal nitrate-N
Concentrations were equivalent among the
subwatersheds in sunmier and fall. Mean
Fall Cl concentration was highest among
seasons in each suhwatershed, as would be
expected, and was significantly higher than

p	Spring
- 0- - Winter

Spring trend
- - Winter trend

IN

1995	2000	2005

spring concentration in each case. Mean fall
Cl concentrations were equivalent among
watersheds. Winter and spring Cl concen-
trations were higher in 1kB and LRF than
in LRJ and LRK.

Different trends in concentration differ-
ences among seasons between the larger and
smaller subwatcrsheds may indicate process
differences at the scales represented and have
potential iniplications with respect to
suring the effects of conservation practices
oil ti'eaut chemistry. The concentrations

and loads represented in the LR.EW are
relatively low for an agricultural watershed
and confirm the role of the riparian forest
in reducing impact of agricultural practices
on stream water quality in the southeastern
Coastal Plain.
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