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Relating Agricultural Land Uses to In-Stream Stormwater Quality

Anne M. S. McFarland* and Larry M. Hauck

ABSTRACT

Sixteen largely agricultural watersheds in the upper portion of the
North Bosque River of central Texas were instrumented to collect
storm event samples for nutrient analysis. Flow-weighted storm-event
mean concentrations were averaged across storm events to character-
ize the water quality at each site for storms sampled between Novem-
ber 1992 and August 1995. Nutrient concentrations were related to
land uses above sampling sites using correlation and regression analy-
sis to indicate major sources of nutrient nonpoint source pollution to
the upper North Bosque River. Consistently, N and P concentrations
increased as the proportion of land area used for dairy waste applica-
tion fields (or milking cow densities) increased in the drainage basins
above sampling sites. The proportion of total P (TP) in runoff repre-
sented by soluble reactive P (SRP) also increased as the percent of
dairy waste application fields above a sampling site increased; likely
as aresponse to the common practice of surface application of manure
to permanent pasture. This increase in SRP is of particular importance
because SRP is readily bioavailable in aquatic systems, thus increasing
the potential for accelerated eutrophication in receiving waterbodies.
The results of these analyses indicate a strong association between
in-stream nutrient concentrations during storm events and the percent
of dairy waste application fields comprising a drainage area. This
indicates a need to manage the movement of nutrients, particularly
soluble P, from manure application fields in areas where in-stream
nutrient Ievels are considered a nonpoint source pollution problem.

IN 1990, the North Bosque River in central Texas was
identified by the Texas Water Commission (TWC,
now part of the Texas Natural Resource Conservation
Commission, TNRCC) and the Texas State Soil and
Water Conservation Board (TSSWCB) as a known
problem watershed due to dairy waste (TWC and
TSSWCB, 1991). The headwaters of the North Bosque
River, often referred to as the upper North Bosque
River (UNBR) watershed, are located almost entirely
within Erath County, the number one milk-producing
county in Texas (Fig. 1). The upper North Bosque River
watershed encompasses an area of about 93200 ha
which is primarily rural (more than 98%). The city of

Stephenville (population 14 000) is located in the upper
third of the watershed, while a small portion of the city
of Dublin (population 3200) is located along the western
edge of the watershed. Ninety-four dairies were located
in the UNBR watershed at the time of this study with
a combined milking herd size of about 34000 cows.
While dairying is the dominant agricultural practice in
the watershed, other significant agricultural practices
include the production of peanut (Arachis hypogaea
L.), range cattle (Bos taurus), pecan (Carya dinoensis
[Waugh.] K. Koch), peaches (Prunus persica Batsch),
and forage hay (primarily Cynodon spp.).

In response to water quality concerns in the North
Bosque River, the Texas Institute for Applied Environ-
mental Research (TIAER) at Tarleton State University
imtiated monitoring in the upper portion of the North
Bosque River in 1991. The monitoring program focuses
primarily on agricultural drainage areas within the wa-
tershed. The monitoring program emphasizes stormwa-
ter rather than base flow monitoring because most mi-
nor tributaries and, at times, the major tributaries in
the UNBR watershed are intermittent and because non-
point source pollutants are the primary concern in the
watershed. Nitrogen and P constituents are the principal
focus in laboratory analyses due to their role in eutrophi-
cation of receiving waterbodies.

One of the major, objectives of the monitoring net-
work is to associate agricultural land uses with in-stream
water quality during storm events to identify major con-
tributing sources of nutrients to streams of the UNBR
watershed. Agriculture is considered the dominant
source of N and P leading to river and lake water quality
impairment nationwide (USEPA, 1995; Puckett, 1995).
Attributing specific causes to stormwater quality 1s diffi-
cult, particularly when most constituents arrive i
streams via diffuse sources and are subject to complex
kinetic reactions and physical processes in transit. Ide-
ally, controlled, localized experiments would be con-
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Fig. 1. Location of sampling sites in the upper North Bosque River watershed.

ducted to evaluate the mechanisms underlying surface
runoff and pollutant transport, but such studies are time
consuming and expensive (Osborne and Wiley, 1988).
A more rapid technique providing reliable results is
to relate land characteristics and land-use patterns to
stream water quality using correlation and regression
analysis (Byron and Goldman, 1989; Hirose and Kura-
moto, 1981). While this technique does not indicate the
specific mechanisms causing surface runoff and pollut-

ant transport, it can be used to indicate dominate land
areas and/or activities significantly contributing to non-
point source pollution. Information on these contribut-
ing sources can then be used in watershed-level planning
for identifying “hot-spots” and promoting management
practices for land uses or areas that are major contribu-
tors of nonpoint source pollution.

Several different studies have looked at the influence
of land-use patterns on stream water quality in trying






