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Abstract.-~Two small forested watersheds were ferti-
lized in April 1976 with 336 kg/ha N as ammonium nitrate and
224 kg/ha P_O_ as triple superphosphate in order to determine

fertilizatidon effects on streamflow chemistry.

Specific

conductance and the concentration of nitrate-N and calcium in

streamflow increased dramatically after fertilization.

After

reaching maximum concentrations in October 1976, fertiliza-
tion effects declined gradually and concentrations were
elevated only slightly in July 1979 when intensive sampling

ended.

INTRODUCTION

Modern agriculture requires the use of in-
organic fertilizer to maximize crop yields.
Since the demand for all forest products is
expected to increase during the next few decades
(USDA For. Serv. 1982), foresters naturally ask
if fertilization will increase the growth rate of
trees. Forest fertilization is a relatively new
management practice that is limited to areas
where potential growth is greatest. Operational
forest fertilization began in the Pacific North-
west in 1965 and in the southeastern pine region
in 1968 (Moore and Norris 1977). Nitrogen and
phosphorus usually are applied because the major
coniferous timber types have responded best to
these two nutrients (Ballard 1984).

A study of forest fertilization in the
central Appalachians began in 1973 on the Fernow
Experimental Forest near Parsons, West Virginia.
Studies were imposed to determine nitrogen and
phosphorus fertilizer effects on: (1) Overstory
and understory growth rates; (2) Leaf size and
annual leaf litter production; (3) Selected
chemical characteristics of streamflow.

lPaper presented at the 7th Central Hard-
wood Forest Conference, Southern Illinois Umniv.,
Carbondale, Illinois, March 5-8, 1989.

2The authors are research foresters with the
Northeastern Forest Experiment Station, Forest
Service, U.S. Department of Agriculture, Timber
and Watershed Laboratory, Parsons, West Virginia
26287.
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Effects of fertilization on growth rates were
reported by Lamson (1980) and effects on leaf
production were reported by Kochenderfer and
Wendel (1982). This paper reports the effects
of fertilization on streamflow chemistry and
defines the duration of those effects.

THE STUDY AREA

The study was conducted on the Fernow
Experimental Forest in the central Appalachian
Mountains near Parsons, West Virginia. Two pairs
of small adjacent watersheds were chosen: one
pair had a southern exposure and one pair had a
northwestern exposure (Fig. 1). Slopes are steepy
averaging 30 to 40 percent, and average elevation
is 610 m. The soils are Calvin channery silt
loams (loamy-skeletal, mixed, mesic, Typic
Dystrochrept). These soils are well-drained and
strongly acidic, with moderate permeability.

Vegetation i5 dominated by .secénd growth hard-
woods with a scattering of older trees that were
left after logging between 1900 and 1910. The
most abundant species on the northwest-facing
watersheds were American beech (Fagus grandifolia
Ehrh.), northern red oak (Quercus rubra L.), sugar
maple (Acer saccharum Marsh.), sweet birch (Betula
lenta L.) and red maple (Acer rubra L.). On the
south watersheds, northern red oak, chestnut oak
(Quercus prinus L.), red maple, white oak (Quercus
alba L.), sugar maple, and sweet birch were most
abundant. Basal area of all trees larger than
12.5 cm in diameter (measured at approximately
140 cm above groundline) averaged 24.1 m?/ha on
the south-facing watersheds and 22.9 m2/ha on the
northwest~facing watersheds.
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Figure l.--Location and relative size of water-
sheds in this study.

Annual precipitation is distributed evenly
between the dormant and growing seasons, averaging
148 cm on a nearby control watershed for a 29-year
period. Annual runoff from the control watershed
for the same period averaged 63.5 cm, 15.2 cm
during the growing season and 48.3 cm during the
dormant season. Potential evapotranspiration on
the Fernow Experimental Forest was estimated at
55.9 cm per year (Patric and Goswami 1968).

METHODS

Streamflow was measured at the mouth of each
watershed with a sharp-crested V-notch weir and
FW-1 water-level recorder. Monthly streamflow
volumes were summarized by computer at the
Coweeta Hydrologic Laboratory at Otto, North
Carolina.

Each stream was grab-sampled with plastic
bottles just upstream from the weir beginning in
August 1972. Samples usually were taken every
7 days; however, some sampling periods were
slightly longer or shorter depending upon accessi-
bility, weather, etc. No sampling periods were
shorter than 5 days or longer than 9 days, and all
streams were sampled on the same day. To assess
the downstream dilution effect of fertilization on
stream chemistry, samples also were collected
downstream from both subwatershed pairs (Fig. 1).
The drainage area of the downstream sampling point
below the south fertilized watershed is about 15.4
ha and the distance is about 450 m. Comparable
area and distance downstream from the northwest-
fertilized watershed is 4.1 ha and 150 m.
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The watershed pairs were calibrated for selected
stream chemical constituents over a 33-month period:
on April 28 and 29, 1976, one of the northwest-
facing watersheds (northwest-fertilized) and one
of the south-facing watersheds (south-fertilized)
were treated with 336 kg/ha N as ammonium nitrate
and 224 kg/ha P05 as triple superphosphate. The
choice of these fertilizers and application rates
was based on research by Auchmoody and Filip (1973).
They measured a significant growth increase by
northern red oak and yellow-poplar after a similar
application of fertilizer to a mixed hardwood stand
on the Fernow Experimental Forest. A grid of
30.5 x 30.5-m squares was established on the
fertilized watersheds, and a premeasured amount
of fertilizer was hand-broadcast with cyclone
seeders onto each of these squares. This proce-
dure provided an even distribution of fertilizer.
Care was taken to avoid applying fertilizer directly
into the streams. The two untreated watersheds
(northwest control and south control) were main-
tained in their natural condition.

Routine grab sampling continued on each of the
4 subwatersheds and 4 downstream locations through
April 1979. Watersheds 5-2 and 5-4 were sampled
biweekly in 1986 and 1987 to determine whether
fertilization effects had disappeared.

The samples were analyzed at the Northeastern
Forest Experiment Station's Timber and Watershed
Laboratory in Parsons. The 1973-79 calcium, |
sodium, magnesium, and potassium determinations
were made with a 390-B Perkin Elmer atomic
absorption spectrophotometer. Nitrate and phos-
phate were determined colorimetrically with a
Bausch and Lomb Model 10 spectrophotometer and
Nitro Ver IV and Phos Ver:IIT powded pillow chemicails,
respectively (Hach Chemical Co. 1975). Sample pH
and conductivity were determined with a Model 10
Corning meter and Industrial Instruments Solu-
Bridge meter, respectively. Samples collected in
1986 and 1987 were analyzed as follows: Anions:
Dionex Model 10 ion chromatograph; Cations: Model
503 Perkin Elmer atomic absorption spectrophoto—
meter; pH: Altex digital pH meter; conductivity:
Markson Model 1096 digital meter. Comparison tests
between each old and new instrument indicated good
agreement between each pair.

For this paper, stream-chemistry data were
analyzed by plotting average monthly concentrations
of each constituent over time. No statistical
tests for fertilization effects were performed.
Instead, graphs are used to illustrate changes in
stream chemistry caused by fertilization.

RESULTS AND DISCUSSION
A graph for each constituent that was affected

by the fertilizer is presented. Where both ferti-
lized watersheds responded about equally, results

-from only one fertilized watershed and its control

are presented. Downstream dilution effects are
illustrated with graphs that show concurrent con-
centration at the outlet of the fertilized water-
shed and the sampling site downstream.



Specific Conductance. Before fertilization,
specific conductance of streamflow from both water-
shed pairs was similar, averaging about 28 uS/cm.
Monthly streamflow was low during the first 5
meonths after fervilization (Fig. 2). In October
1976, streamflow increased in response to abundant
rainfall, and specific conductance of streamflow
from both fertilized watersheds increased to 140
u8/em (Fig. 3). Average monthly conductance
fluctuated in response to monthly streamflow during
the 1976-77 dormant season. Conductance decreased
gradually after November 1977; when the study ended
in 1979, conductance of the fertilized streams
averaged about 40 uS/em, about 10 uS/cm greater
than that of the controls. In 1986 and 1987,
gtreamflow conductance from both fertilized and
control watersheds averaged about 32 pS/cm, indi-
cating that the effects of fertilization on stream
chemistry had essentlally disappeared.
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Figure Z.--Measured monthly streamflow from
control watershed on Fernow Experimental
Forest from 1973-79.

Although specific conductance is a sensitive
indicator of total dissolved solids, it gives no
indlcation of the concentration of individual ions.
Thus, results for specific conductance indicate
major changes in ionic strength of stream water
after fertilization. On the basis of previous
research (Aubertin et al. 1973), we expected major
changes in streamflow concentrations of nitrate-
nitrogen and caleium after fertilization.

Nitvate~Nitrogen. Nitrate-N responded in a similar
fashion to specifiec conductance (Fig. 4). Concen-
trations increased from both fertilized watersheds
5 months after fertilization. Maximum monthly
¢oncentrations were 8.5 and 7.3 mg/l on the north-
west~facing and south-facing fertilized watersheds,
ragpectively.

Maximum concentration of individual stream
samples from the south-facing fertilized watershed
was 11 mg/l on September 27, 1976, and the maximum
£rom the northwest~facing fertilized watershed was
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13 mg/1 on October 4, 1976, Nitrate-N concentra-
tions increased and decreased in response to
increases and decreases in flow rate from October
1976 to April 1978. After April 1978, concentra-
tions decreased gradually and were only about 1.0
mg/l when the intensive sampling ended in 1979.

In 1986 and 1987, nitrate-N was slightly higher in
the fertilized (0.9 mg/l) than in the control

(0.5 mg/1l) streams; however, these differences are
small when compared to the magnitude of the
nitrate-N values immediately following fertilization.
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Figure 3.-—-Average monthly conductivity (uS/cm)
of streamflow from Watersheds 5~2 and 5-4.
Specific conductance of Watersheds 2-~20 and
10-22 responded similarly.
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Flgure 4.--Average monthly streamflow concentra-
tions of nitrate-nitrogen (mg/l) from Water-
sheds 5-2 and 5~4. Nitrate-N concentrations
of streamflow from Watersheds 2-20 and 10-22
responded similarly.



Calcium. Calcium concentrations increased sharply
about 5 months after fertilization (Fig. 5). After
the peak in October 1976, concentrations decreased
rapidly until the growing season of 1977 began,
then decreased gradually for the remainder of the
study. When the study ended in 1979, calcium
levels were still about 1 mg/l greater than before
fertilization. In 1986 and 1987, average concen-
tration of calcium in streamflow from fertilized
and control watersheds was the same (1.9 mg/l).
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Figure 5.--~Average monthly streamflow concentra-
tions of calcium (mg/l) from Watersheds 5-2
and 5-4, Calcium concentrations of streamflow
from Watersheds 2-20 and 10~22 responded
similarly.

Phosphate-phosphorus. Since 224 kg/ha of P05

were applied to the watersheds, streamflow was
monitored for changes in concentrations of PO4~P.
Before fertilization, concentrations of all sampled
streams averaged about 0.05 mg/l PO4~P. There were
no obvious changes in concentration after fertili-
zation (Fig. 6). This result was not surprising
since other studies (Black 1968; Tiedemann et al.
1978) reported a low degree of mobility for PQO4-P.
In acidic forest solls, phosphorus leaching is
minimal, even after fertilization, because most of
the phosphorus is quickly immobilized via solu-
bility reduction reactions involving aluminum and
iron (Black 1968; Khanna and Ulrich 1984). Some
added phosphorus also may have been assimilated
immediately or over time by microorganisms or
vegetation,

Other Chemical Constituents. Average annual pH

of streamflow from the fertilized watersheds
decreased from 5.3 before fertilization to 5.05
during the first year after fertilization. During
the last year of intensive sampling, pH averaged
5.2. The concentrations of potassium, sodium, and
magnesium increased slightly after fertilization.
However, because the magnitudes were small, no
figures are presented here.
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Figure 6.--Average monthly streamflow concentra-
tions of PO4~P (mg/l) from Watersheds 5-2 and
5-4, There was no obvious effect of fertili-
zation.

The fertilizers caused indirect effects on
ionic outputs. Calcium concentrations increased
within a few months after fertilization, and levels
remained elevated for more than 3 years. Changes
in other comstituents including pH, magnesium, and
sodium were small. Briefly, when excess ammonium
nitrate is applied to an ecosystem, the ammonium is
oxidized by microbes to produce nitrate (Carlyle
1986), which 1s more mobile than ammonium. Also,
production of hydrogen ions during nitrification
can lead to increased cation loss and can increase
the concentration of base cations in solution as a
result of cation exchange (Carlyle 1986). These
anion/cation processes probably were responsible
for the observed increases in nitrate, calcium,
and potassium concentration, and the slight
decrease in streamflow pH levels.

Although concentrations of some ions increased
following fertilization, water quality remained
within drinking water standards (Public Health
Serv. 1962) except for 3 weeks in September and
October 1976 when NO3-N concentrations exceeded
the 10-mg/l standard. Even these excesslve con-
centrations decreased to acceptable levels as the
water flowed several hundred meters downstream
where it became diluted with water from unfertili-
zed areas. Thus, forest fertilization in the
hardwood type of the central Appalachians seems an
acceptable practice with regard to water quality.

Downstream Dilution. Downstream effects are
important considerations of forest management
activity on a headwater stream. Since nitrate is
an important ion from the standpoint of municipal
water supplies and human and domestic animal con-
sumption, only the downstream effects on NO3-N
are presented (Fig. 7). On the northwest-facing
watersheds, nitrate-N concentrations were diluted




downatrean as water {rom unfertilized areas mixed
with water from the fertilized watershed. As
expected, downstream dilution was greater on the
south watershed because the unfertilized drainage
arena and resulting streamflow volume were approxi-
mately 3 vimes greater than for the northwest-
facing watersheds (Fig. 1).
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Figure 7.--Average monthly streamflow concentra-
tions of altrate~N (mg/l) from fertilized
Watershed 5-2 (top graph), Watershed 5-1
locared about 100 meters downstream of ferti-
lized arves (middle graph), and Watershed 5-3
contrel (bottom graph).

CONCLUSION

Stresm-water chemistry was affected more by
ammonium nitrate than by the triple superphosphate
fertilizer. Nitrate-nitrogen concentrations
increased sharply following fertilization, and
these elevated levels remained for more than 3
yéars on both the northwest~facing and south-facing
slopes. By contrast, phosphate output levels
showed no obvious changes as a result of fertiliza-
cion.
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