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ABSTRACT

A nutrient budget approach has been used to investigate the flux of

nitrogen, phosphorous, calcium, magnesium, potassium, sodium and silica
from four small forested watersheds in the southeast Missouri Ozarks.

The quality of the precipitation input and the nutrient loss to stream-

flow from the experimental drainages have been monitored for two years.

Concentrations of exported ions have varied with season and stream dis-

charge rate. Nutrient flushes have been noted during the growing season

at the initiation of storm runoff as the hydrograph begins to rise. Con-

sidering the annual flux balance the research watersheds tend to have a

net loss of calcium, magnesium, potassium, sodium and silica, and a small

net gain_in total phosphorous and ammonium, and nitrate nitrogen.

INTRODUCTION

Although there is considerable published information from the far
west and northeast on the effect of certain cutting practices and asso-

i ciated harvesting techniques on erosion and stream sediment yield (Cole

et al. 1967; Hart and DeByle 1975; Verry 1972; Likens et al. 1970;

Aubertin and Patric 1972; Williams and Mace 1975), very---llt---tledata is

available for the central hardwood region. More recently, forest hy-
drology researchers have been looking at nutrient yield as well as other

water quality criteria. So far, research results have been variable.

High nitrate nitrogen concentrations of 90 mg/l were found in streamflow

at Hubbard Brook in New Hampshire following clearcuttlng and herbiciding

(Likens et al. 1970). Concentrations of other ions, such as calcium,
magnesium-? an---dpotassium, varied from 5 to 30 times normal during the
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first three years of devegetation. These results tend to be somewhat

misleading, since the trees were not removed from the watershed and

revegetation was inhibited for a number of years° In addition, shallow

bedrock underlying the llubbard Brook watershed prevented downward per-

colation of nutrient-bearing waters and diverted a high proportion

directly to streamflow. The objective of the study was to maximize

watershed nutrient yields. This drastic response has not been noted

elsewhere (Douglass and Swank 1972; Aubertin and Patric 1972; Verry 1972;

Hart and DeByle 1975).

NUTRIENT CYCLING VERSUS NUTRIENT FLUX

Nutrient cycling studies have been carried out in various parts of

the country in an attempt to identify the pertinent processes leading to

these treatment responses. Nutrient cycling studies on undisturbed water-

sheds have also provided baseline data for post treatment comparisons.

Many nutrient cycling studies (particularly those conducted by hy-

drologists) might better be called nutrient flux research. An examina-

tion of the generalized model of watershed nutrient cycling in table l

reveals some of the complexities involved. There are a number of ways

in which a watershed may gain and lose a particular nutrient. With

some nutrients, the processes are relatively simple; with others, such

as nitrogen in its many forms, things become complicated. Most nutrient

flux studies, including the present one being conducted in the Missouri

Ozarks, merely consider the precipitation inputs and the runoff losses.

More comprehensive works may delve into nutrient pathways at some of the
in-between steps by examining streamflow, litter leachate and soil water.

It is well established that the cycling of nutrients within the ecosystem

is generally much larger than the flux into and out of the watershed

(Cole et al. 1967; Woodwell and Whittaker 1967; Gosz et al. 1972; Gosz

et al. 1973; Williams and Mace 1975). Patric and Smith (1975) present

an excellent review of the nutrient cycling literature as it pertains to

the eastern hardwoods. In addition to covering both internal cycling

and flux aspects, they discuss some of the effects of forest management

including fertilization and timber harvest and suggest that disruption

of the internal cycle by devegetation is probably responsible for the
increase in certain nutrients in streamflow.

RESEARCH IN THE OZARKS

Early in 1973, the School of Forestry, Fisheries and Wildlife began
a water quality study on the water yields from four experimental water-

• sheds at its University Forest facility in the southeast Missouri Ozarks.

The long range study objective is to determine the impact of certain

Ozark land use practices on water quality. Two practices being consid-

ered for examination at this time are timber harvest (including clearcut-

ting) and forest land conversion to pasture. Both are growing in impor-
tance in the region in terms of total area involved and potential impact
on waterquality.
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Table !o Inflows nutrient pools and outflows of the nutrient cycle.

INFLOWS WATERSHEDNUTRIENTPOOL OUTFLOWS

1, ATMOSPHERE _ INTERNAL _ i, STREAMFLOW

FIXATION fSOLUTIONIN PRECIPI- 2, VOLITILIZATIONTO ATMOSPHERE

TATION CYCLING NUTRIENT
3, LOSSES TO DEEP SEEPAGE -

2, WEATHERINGOF GEOLOGIC _ HYDROLOGICEXPORT

PARENT MATERIAL

(CHEMICAL AND BIOCHEMICAL 4, NUTRIENT HARVEST

3. HYDROLOGIC IMPORT PROCESSES)

q, FERTILIZATION

In the initial period prior to treatment efforts have been directed

toward investigating some of the more basic processes and relationships.

Net nutrient movement into and out of the watershed systems is being

monitored in a flux study. Other studies are being conducted concur-

rently to look at some of the internal mechanisms.

Study 0bjectives

During the Initial phase of the flux study being reported here the

following objectives were established:

i. Compare the flux of specific nutrients between the

several experimental watersheds.

2. Examine the relationships between the nutrient inflow from

precipitation and outflow from runoff as a function of total streamflow

and discharge rate.

Study Area and_Methods

T_ The watersheds range in size from approximately 9 to 18 acres (Fig.
i). A small spring maintains perennial flow from watershed 4 while the

others yield runoff intermittently for varying durations depending on
storm parameters and antecedent conditions. All catchments have an

even-aged, predominantly oak and hickory forest cover that has been un-

disturbed since establishment 50 to 70 years ago.
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