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ABSTRACT

CHEMICAL PROPERTIES OF SOILS AND STREAMS IN NATURAL AND
DISTURBED FOREST ECOSYSTEMS IN THE OUACHITA MOUNTAINS

One year of pre-harvest and five years of post-harvest water chemistry
data were collected and analyzed for NO3-N, TKN, TP, OP, K and Ca on
nine small watersheds in the Ouachita Mountains of central Arkansas.
Gross exports of all nutrients except TKN were significantly increased
by clearcutting followed by mechanical site preparation and broadcast
burning of slash. Discharge-weighted nutrient concentrations were
increased only for OP, K and Ca. The treatment effect was brief, last-
ing only one year. The first harvest of a selection system regime had
no measurable effect on gross losses or concentrations of nutrients.
Precipitation chemistry measurements from the region indicated that an-
nual imports of all nutrients considered in this study generally exceed
the gross losses measured. However, because of the possible threat to
soil fertility by the leaching effects of acid deposition, foresters
should be especially vigilant in their efforts to protect site product-
jvity where soils are low in base cations.

R.S. Beasley, E.L. Miller and E.R. Lawson

Completion Report to the U.S. Department of the Interior, Reston, VA
June 1987

Keywords -- Nutrient Cycling/Water Quality/Forest Hydrology/Fertility/
Acid Deposition
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INTRODUCTION

Long-term studies to describe and explain patterns in nutrient
inputs and movement through forest soils and surface waters are
lacking for the Ouachita Mountain physiographic province. This geo-
graphic region is important for both timber production and recre-
ational activities. Many of the forested watershed ecosystems of
the region are subjected to varying degrees of disturbance as a re-
sult of forest management activities. The need to understand the
compliex nature of nutrient cycling within natural and disturbed
forest ecosystems has become even more crucial for several reasons:
1) the adoption of intensive evenage management requiring shorter
rotations (30-40 years), 2) greater nutrient export at harvest due
to whole tree removal and improved utilization of logging residues,
3) smaller pfofit margins which preclude the widespread use of fer-
tilizers to maintain site productivity, 4) a body of anthrdpogenic
origin may increase rates of leaching of base-cations from the soil
and release toxic jons into streams and 5) the growing importance
of out Timited high quality surface water supplies.

Significant losses of nutrients from a forest ecosystem, in ex-
cess of the capacity of soil weathering processes and atmospheric
deposition to replenish them, would seriously impair the productivity
potential of that ecosystem. Of equal importance are the effects 6f
accelerated nutrient losses on water quality. Both long-and short-
term flushes of nutrients into streams may impair water quality and

affect aquatic ecosystems. For example, nitrate levels in streams



draining severely disturbed forest watersheds have in some instanc-
es exceeded public drinking water standards (Bormann et al., 1968;
Pierce et al., 1972). The release of aluminum and hydrogen ions
from acidified soils into streams and lakes has been shown to be
toxic to aquatic organisms (Cronan et al., 1980; Driscoll et al.,
1980). The potential effects of forest management and anthropogenic
pollution on forest soils and surface water quality are greater in
regions where soils and streams are poorly buffered, as in the
Ouachita mountains of Arkansas and Oklahoma (Omernic and Powers,
1982). Because of the long-term nature of the potential problems,
the value of the soil, water and forest resources, and the complex-
ity of the ecosystems involved, we would be remiss in failing to
evaluate the potential for problems or to document current levels
of forest soil and water nutrients as a benchmark to determine
future changes.

A. Purpose and Objectives

The purpose and objectives of this study are to provide an anal-
ysis of six years of stream and precipitation chemistry for nine
forest watersheds in the Ouachita Mountains of central Arkansas as
a basis for contrasting the effects of intensive evenage management
and unevenage selection forest management of the export of selected
jons. Background levels of soil and water nutrients measured on un-
disturbed forest watersheds will establish points of reference for
evaluating future levels as they may be affected by atmospheric de-

position.



B. Related Research or Activities

Much of the previous research has demonstrated the hazards of
extrapolating results of nutrient cycling research from one region to
another. Nutrient Tosses following perturbations are strongly de-
pendent on geology, climate, depth of soils, initial nutrient levels
and nature of disturbances. Bormann et al. (1968) cut and left in
place all trees and woody vegetation on a 15.6 ha watershed on the
Hubbard Brook Experimental Forest in New Hampshire and measured nu-
trients released to streamflow. Regrowth was eliminated for three
years by spraying the watersheds with herbicides. Nitrate concen-
trations increased 41-fold over pretreatment level the first year
and 56-fold the second year. Sulfate was the only measured ion that
decreased after treatment. The experiment was not intended to evalu-
ate normal forest practice; consequently, the results may not be
applicable to situations where merchantible timber is removed and re-
generation is promoted. Pierce et al. (1972) compared nutrient out-
flow from eight New Hampshire watersheds clearcut by conventional log-
ging practices and eight adjacent undisturbed watersheds. Clearcut-
ting increased most measured ions during the first and second years
after cutting but not to the levels observed in the previous Hubbard
Brook experiment. The authors concluded that clearcutting on shallow,
infertile, podzolized soils with thin layers of unincorporated humus
promotes nutrient losses for several years after logging. However, they
observed that stream enrichment can be diluted downstream by flow from

undisturbed areas. Aubertinand Patric (1974) reportednutrient losses after



clearcutting in West Virginia, but at much lower concentrations than
those measured in New Hampshire. Nutrient losses measured after
clearcutting and burning in Oregon (Fredriksen, 1971) were also much
Tower than those measured in New Hampshire, but ammonia levels ex-
ceeded the U.S. Public Health limits for drinking water for a period
of 12 days. Johnson and Swank (1973) measured concentrations and
flux of Ca, Mg, K and Na in a mature hardwood coppice stand and a
13-year-old eastern white pine stand at the Coweeta Hydrologic Lab-
oratory in the southern Appalachians of North Carolina. The young
pine and hardwood coppice forests showed a net gain in Ca and signif-
jcantly lower losses of Mg, K and Na than the other ecosystems. The
weed stand lost significantly more cations than the other ecosystems.
However, the authors concluded that none of the ecosystems were los-
ing substantial quantities of any cation. Schreiber et al. (1976)
measured selected cations and anions in precipitation and storm run-
off from undisturbed forested watersheds in northern Mississippi.
Annual Tosses of NO3-N increased linearly with annual storm runoff,
and all measured nutrient losses were a function of total runoff.
However, all nutrients showed a net gain for the study period because
of input from precipitation and dry fallout.

Other research has confirmed that gains of inorganic nitrogen via
rainfall and deposition in southern forests often exceed losses of
total nitrogen in streamflow by a factor of two or more (Henderson et
al., 1978). Atmospheric contributions of sulfur often account for a

large proportion of total sulfur available for plant use. One study



(Johnson et al., 1982) pointed out that actual sulfur deficiencies
have been identified in forests which are far removed from pollu-
tion sources. Therefore, the beneficial nutritional aspects of ac-
idic deposition cannot be ignored, especially where pollution is
moderate and forest, grasslands or crops are not fertilized.

Regardless of the possible beneficial aspects of atmospheric
deposition in moderate quantities on some sites, the long-term ef-
fects may be detrimental on sites with low buffering capacity such
as shallow, naturally acidic soils on steep slopes or soils which
have non-alkaline geologic substratas. Among the potentially harmful
effects of acidic deposition are (1) the leaching of nutrients both
from plant foliage and the soil by hydrogen, sulfate or nitrate ions
(Lee and Webber, 1972); (2) alteration of beneficial microorganisms
in the forest floor and upper soil horizons including damage to sym-
biotic nitrogen-fixing organisms (Francis, 1982); (3) acid-induced
mobility and toxicity of aluminum (Al) in the soil solution leading
to toxic levels of Al in streamflow and water bodies (Steiner et al.,
1980; Ulrich et al., 1980; Johnson et al., 1981); and (4) increased
susceptibility of trees and plants to environmental stresses, includ-
ing drought (Johnson et al., 1981; Lee and Webber, 1982).

METHODS AND PROCEDURES

A. Study Area

The study was conducted on U.S. Forest Service and Weyerhaeuser
Company lands in the Ouachita Mountains, 35 km north of Hot Springs,

Arkansas (Figure 1). The study utilized nine watersheds selected
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Figure 1. Map of the study areas and physiographic
provinces of Arkansas.



from headwaters of first order basins. All the watersheds had na-
tural and well defined divides and stream channels. Streams were
generally ephemeral grading to intermittent at the watershed outlets.

Watershed sizes ranged from 4.18 to 5.91 ha. Slopes averaged
about 15 percent, but steeper breaks of up to 30 percent were common.
Six of the watersheds were grouped together and shared a single ridge
which formed the upper berm of each. Three of these had west north-
west aspects and the other three faced east southeast. The remaining
three watersheds were located about 9.5 km due north and had north
aspects.

Physiographic uniformity within each block of three watersheds was
good. The southern group of six watersheds will be referred to as the
Alum Creek or block 1 and 2 watersheds, and the northern group of three
as the Cedar Mountain or block 3 watersheds.

Bedded sandstones and shales of the Atoka, Stanley and Jackfork
geologic formations comprise the parent materials of the soils on the
watersheds. Soils on the Alum Creek watersheds are mapped as the
Carnasaw-Townley-Pirum Association (Haley et al., 1979). These soils
are fine-textured, well drained and developed over a residual shale
subsoil. Normally, a sandstone rock pavement overlies a loamy A hori-
zon about 15 cm thick. The B horizons are strongly developed, clayey
and extend to shale bedrock at about 100 cm. On the Cedar Mountain
watersheds, the Carnasaw-Pirum-Clebit Association predominates (Town-
send and Williams, 1982). The lower watershed areas are occupied by

Sherwood fine sandy loam on 3-8 percent slopes.



Soil chemical properties of the Carnasaw series, the predominant
series on the Alum Creek Watersheds, were described by Apfelbeck
(1987). Three composite samples per horizon were collected from
three soil pits in each of the two areas--one representing a predom-
inantly pine cover and the other mature hardwood cover. Samples from
the A1, E, B and By horizons were analyzed for Ortho-P, K, Ca, % or-
ganic matter, cation exchange capacity (CEC) and pH. Soil analyses
followed procedures suggested by NCASI (1983). Mean values for each

soil property and cover type are presented in Table 1.

Table 1. Soil chemical properties for the Carnasaw silt loam series
on the Alum Creek watersheds by cover type (meg/gm).

Hardwood Cover Pine Cover
Soil Horizon
Property A1 E B1 82 A1 E B1 82
K 0.016 0.007 0.005 0.005 0.005 0.018 0.008 0.006
Ca 0.040 0.011 0.004 0.005 0.085 0.016 0.013 0.006
%0M 6.8 3.00 1.54 1.00 9.58 3.71 1.26 0.77
CEC 0.22 0.11 0.11 0.20 0.36 0.14 0.22 0.22
pH 3.5 3.75 3.82 3.83 3.32 3.78 3.84 3.87

B. Instruments and Sampling

Stormflow was measured in calibrated 0.9 m H-type flumes installed
on each watershed. Digital time-stage recorders were used in combina-
tion with FW-1 type water level recorders. Concrete approach sections
2.45 m long above each flume provided control and included traps for

bedload materials. Cutoff walls extended outward from the approach



section walls at ground level, usually about 3 m. Cutoff walls ex-
tended downward into clayey subsoils or to bedrock.

Water sampling equipment included an ISCO automated pump and
Coshocton wheel at each flumesite. Pumping samplers had a 28 sample
capacity and were activated by floats with mercury switches located
in the flume approach sections. Once actiVated, pumps collected
discrete samples on time sequence which varied with season to compen-
sate for the flashiness of stormflow events. Sample collection was
recorded automatically on the FW-1 charts via solenoid activated pens
wired to the pumps. Pump intakes were located at fixed levels in the
approach sections. Hand sampling of stormflow fora limited number of
events was done to check the validity of pumped samples. A single
aliquot sample was collected from each watershed during each storm by
the Coshocton sampler. These samples were used primarily as backup
for large events if pumps malfunctioned or for small events when
pumps were not activated.

Precipitation was measured with weighing-bucket recording gages
and standard weather bureau-type gages distributed over the study
area. Variation in rainfall was minimal within blocks 1 and 2 and
among block 3 watersheds. Precipitation as snow and ice is negligi-
ble in the study area.

C. Watershed Treatments

Two silvicultural treatments, clearcut and selection cut, were
contrasted with a control (no treatment). The clearcut treatment was

followed by intensive site preparation and planting of seedlings.



The selection cut treatment was preceded by injection of understory
and nonmerchantable hardwood trees to open the stand for natural
seeding. All treatments were operational in nature and scale.

On clearcut and selection cut areas, trees were felled and 1imbed
with chainsaws. Rubber tired cable skidders dragged tree-length
stems uphill to log decks which were Tocated on ridgetops within wa-
tershed boundaries. There were no restrictions in cutting or skid-
ding in the vicinity of stream channels other than prudent safe op-
eration of equipment. Roads and road drainage were not located on
any of the experimental watersheds. Trucks and log loading equip-
ment operated on log decking areas.

A tractor-drawn drum chopper was used to crush the residual ve-
getation prior to burning the clearcut watersheds. Stream channels
were not buffered from chopping or burning. No site preparation was
conducted on the selection cut watersheds.

Clearcut watersheds were planted by hand at a 2 by 3 m spacing.
Each planted watershed was divided into four blocks with Toblolly
and shortleaf seedlings planted in alternating blocks for future
growth comparison. No special erosion control treatments were ap-
plied to clearcut or selection cut watersheds.

D. Chemical Analyses

Nitrate-nitrogen (NO3-N) was analyzed using a nitrate specific
jon electrode with an Orion Ion Analyzer. Total Kjeldahl nitrogen
(TKN) was determined using a block digestor to convert organic-N to

N03, then using the specific electrode to measure N03-N. Total
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phosphorus (TP) was determined colorimetrically after filtering
(0.45 micron filters). Cations were measured with a Perkin Elmer
atomic absorption spectrophotometer.

Discrete samples collected throughout eight storm events during
1986-87 were analyzed for sulfate (504), ch]or%de (C1), specific
conductance and NO3 using a Dionex 20001 ion-chromatograph. These
samples were used to measure changes in each parameter on the rising
and falling limbs of the hyrographs.

E. Experimental Design and Statistical Analyses

A randomized complete block design was used to test treatment
effects. The nine watersheds were blocked according to location and
aspect. Uniformity in soils, stream channel characteristics and ve-
getation was also accomplished with blocking. Treatments were as-

signed to watersheds randomly within blocks as follows:

Block  Watershed No. Treatment Size (ha
1 10 Selection cut 5.74
11 Control 4.93
12 Clearcut 5.91
2 13 Control 4.74
14 Selection cut 4.35
15 Clearcut 5.11
3 16 Control 4.34
17 Selection cut 4.15
18 Clearcut 4.08

Analysis of variance was used to test for differences in each

nutrient among treatments and among seasons and years. Duncan's

multiple range tests were used to compare individual means.
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Data were summarized and all analyses done by month, season and
year. The term year in this paper refers to water year (WY), the
period from October 1 through September 30.

Although all flow, including baseflow, from each watershed was
measured, sampled and analyzed each year, this report includes samp-
les collected only during storm events. Baseflow analyses will be
incorporated as part of the ongoing study.

PRINCIPAL FINDINGS AND SIGNIFICANCE

A. Annual Precipitation and Stormflow

Precipitation and stormflow discharge are shown by years in Table
2. Precipitation ranged from a high of 166.8 cm in 1983 to a low of
101.0 cm in 1980. There was considerable variability in annual storm-
flow among watersheds within years and even greater variability among
blocks. Block 3 at Cedar Mt. was consistently the lowest in storm-
flow due to the nature of the soils and geology.

B. Pretreatment Results

The pretreatment water year (WY) 1980, was unusually hot and dry,
expecially during the growing season. Consequently, the nutrient
fluxes from the undisturbed watersheds were generally lower than those
from the control watersheds during subsequent years. Nitrate-N was an
exception to this pattern. The highest NO3-N losses for the study
period (1,224 - 1,500 g/ha) were measured in WY 1980 (Tabie 3). The
pretreatment NO3-N concentrations and gross losses were higher than
those reported for other undisturbed forest watersheds in the South.

Schrieber and Duffy (1976) reported concentrations of 0.08 mg/1 and

12
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Table 2. Annual precipitation and stormflow by watershed and treatment.

PRECIPITATION-cm STORMFLOW - cm

WATER ALUM CR. CEDAR MT. CLEARCUT SELECTION CONTROL

YEAR 12 15 18 10 14 17 11 13 16
1980 101.0 94.9 23.0 11.9 7.3 19.8 17.5 10.4 21.7 18.6 3.5
1981 124.5 105.8 51.9 33.9 8.7 41.6 36.7 16.1 32.0 30.0 2.2
1982 112.7 116.2 45.7 26.6 9.9 - 33.9 28.0 15.0 26.5 22.5 5.7
1983 166.8 162.0 98.2 75.4 53.6 74.0 78.8 61.2 67.5 63.9 37.8
1984 154.6 146.3 72.7 54.1 26.4 58.8 54.1 36.4 46.1 44 .2 17.3
1985 161.9 147.9 124.4 88.6 54.6 95.7 81.8 61.7 88.6 85.6 42.6




Table 3.

Gross nutrient export by treatment and year

(gm/ha).

1980
1981
1982
1983
1984
1985

837
5417
3873
5594
2953
2760

1269
2279
3310
4337
2649
2520

1151
1078
1846
3511
2173
2376

1203
5054
3239
4480
2891
2220

2106
2152
2831
4952
2721
2088

1728
1667
1699
3211
2279
2028

14



losses of 318 g/ha for five loblolly pine plantations in northern
Mississippi. DeHaven et al. (1982) found an aVerage of 0.34 mg/1
of NO3-N in storm discharge from their east Texas watersheds.

The objective, however, of collecting samples from all watersheds
for a full year prior to silvicultural treatments was to evaluate
the similarity of the watersheds so that any pretreatment differ-
ences could be properly accounted for in the posttreatment analysis.
This objective was accomplished. No significant differences (p=.05)
were detected among watersheds or blocks during WY 1980 (Table 3).

C. Posttreatment Results

In steady state ecosystems, nutrient gains equal Tosses. Al-
though cycling and flux patterns occur,.depending primarily on stages
of growth and seasons, nutrient concentrations in stream discharge
remain relatively stable. However, when an ecosystem is disturbed,
nutrient cycles are temporarily disrupted, and nutrients that nor-
mally would be absorbed by plant roots become susceptible to leach-
ing. This occurred in our study. Clearcutting followed by mechanical
site preparation and broadcast burning significantly increased gross
nutrient losses in stormflows (Table 4). During the first posttreat-
ment year (WY 1981) differences in mean annual gross nutrient export
between the clearcut and control watersheds was 3,387 gm/ha for cal-
cium. Import of calcium via precipitation is in the range of 3,000 -
4,000 gm/ha for western Arkansas (Wagner and Steele, 1982; Joe Nix
and Kent Thornton-Personal communication). This indicates that only

one year would be required for calcium lost via stormflow to be re-
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placed naturally. Export of all nutrients considered in this report
were affected with the exception of TKN. The only discharge-weighted
nutrient concentrations increased during the study period were 0P, K
and Ca and those increases occurred only during the first posttreat-
ment year. This suggests that a primary factor in the increase in
nutrient export was the significant increase in storm discharge that
accompanied clearcutting. However, the increases were shortlived,
lasting only through WY 1981. No statistically significant treatment
effects or block effects were evident in WY's 1982, 1984 or 1985.

The selection harvest had no significant effect on either nutrient
concentrations or losses.

In WY 1983, NO3-N showed an unexplained increase on the selection
watersheds in contrast to the clearcut watersheds. The differences
were statistically significant. A possible explanation is perhaps
related to the enhanced capacity of large mature trees to "comb" or
filter pollutants from the air (Mayer and Ulrich, 1977; Johnson et
al., 1982). WY 1983 was unique in that annual rainfall and stream
discharge was unusually high (Miller et al., 1985). Nitrate is a
highly mobile anion in the soil; therefore, any excess NO3 accumulat-

ed from the previous drier years might have been available for leaching.

Table 4. Increases in nutrient export (gm/ha) caused by clearcutting
during the first post-harvest year (WY 1981).

TREATMENT NO3 TP op K Ca
Clearcut 1,037 271 65 5,417 5,054
Contro] 84 99 8 1,078 1,667

DIFF. 953 172 57 4,339 3,387

16



D. Seasonal Trends

Since no significant treatment or block effects were shown for
WY's 1980 and 1982-85, the five years of data were combined to eval-
uate seasonal variations among and within the various chemical para-
meters. It is evident upon inspection of the tabular data (Appendix
Table 3-4) that seasonal effects were significant, at least for the
summer quarter which rarely produced measurable flow on the water-
sheds. It was our goal, however, to statistically test for differ-
ences among the winter, spring and fall quarters. Statistical anal-

yses revealed significant seasonal trends. TKN and NO3 export were

highest in the fall, while losses of both forms of phosphorus were

highest during the winter or spring.
E. WY 1987 Eight Storm Summary

Eight storms occurring in WY 1987 were selected for inclusion in
the report to demonstrate the range of stormflow values for sulfate
(504), chloride (C1), pH and specific conductivity as well as for
parameters measured during past years (N03, Ca and K) (Table 5).
Means are reported for each storm by watershed and treatment in Ap-
pendix Table 4.

Table 5. Summary of selected chemical parameters for eight storms in
WY 1987. (A11 units mg/1 except pH and Cond).

CLEARCUT SELECTION CONTROL
S04 7.367 8.187 8.514
CL 1.486 1.783 1.602
pH 6.307 6.280 6.210
COND 24.667 26.333 21.667
NO3 0.523 0.339 0.211
CA 1.601 1.629 1.439
K 0.987 0.739 0.539
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Stormflow pH ranged from a mean of 6.2 on the controls to 6.3 on

the selection and clearcut watersheds. The differences were not sta-
tistically significant. Mean pH for stormflow was virtually the same
as that measured in southwest Arkansas streams (Joe Nix and Kent Thorn-
ton-Personal communication). Rainfall pH for the region averages
between 4.5 and 4.6 (Nix and Thornton-Personal communication). It
appears that the soils are currently buffering and/or neutralizing
much of the incoming acidity, probably at the expense of soil cations.
This aspect of the problem is currently being investigated on our
study sites as part of a separate but closely related project.

A reasonable degree of consistency in the other chemical para-
meters among watershed and treatments was also observed (Table 5).

CONCLUSIONS

Clearcutting with intensive mechanical site preparation signifi-
cantly increased the gross annual export of NO3, TP, OP, Ca and K
during the first year following the silvicultural operations in the
Ouachita Mountains. Discharge weighted concentrations of OP, K and
Ca werealso significantly increased during the first year after harvest.
However, the effects were only temporary. By the second posttreatment
year nutrient losses had returned to control levels. The first har-
vest of a selection systemregime had no effect on nutrient losses. Pre-
cipitation chemistry data for the region indicates that nutrient im-
port via precipitation generally equals or exceeds export. Nutrient
losses for all years were lowest during the summer, the period of

lTowest storm runoff. NO3 and TKN losses were highest in the fall.

TP and OP losses were usually highest during the winter or spring.
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NUTRIENT GROSS LOSSES BY TREATMENT AND WATERSHED(Gm/Ha).

NO3-N-MONTHLY NUTRIENT SUMMARIES BY TREATMENT

WY 1380
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TABLE 1. CONTINUED.
TOT?BSS—MONTHLY NUTRIENT SUMMARIES BY TREATMENT
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TABLE 1. CONTINUED.
NO3-MONTHLY NUTRIENT SUMMARIES TREATMENT

8¢

WY1982
CLEARCUT SELECTION CONTROL
12 15 18 10 14 17 11 13 16
oCT 83 73 0] 140 114 0 5 6 0
NOV 0 0 0 0 0 0 0 0 0
DEC 0] 0 0 0 0 0 0 0 0]
JAN 9 9 3 34 13 7 4 5 0
FEB 2 0 0 0 3 0 1 0 0
MAR 8 6 4 4 1479 8 3 2 2
APR 19 24 4 16 27 6 5 4 1
MAY 0 0 0 0 0 0 0 0 0
JUN 3 4 1 5 4 1 1 0] 0
JUL 0 0 0 1 0 0 0 0 0
AUG 0 1 0 2 1 0 1 0 0
SEP 0 0] 0 0 0 0] 0 0 0]
TOTAL 124 116 12 203 1642 22 20 18 2
MEAN 84 622 13
TKN-N-MONTHLY NUTRIENT SUMMARIES TREATMENT
WY 1982
CLEARCUT SELECTION CONTROL
12 15 18 10 14 11 13
OCT 307 322 0 252 167 45 85
NOV 0 0 0] 0 0 0] 0
DEC 0 0 0 0 0 0 0
JAN 582 455 538 388 446 321 303 3
FEB 33 0 0 0 44 50 0
MAR 229 138 478 100 1605 121 105 8
APR 1331 504 169 690 787 342 369 7
MAY 5 0 0 0 0 0 0
JUN 159 88 10 104 124 58 34
JUL 8 5 62 24 3 4 0
AUG 47 48 0 92 31 26 10
SEP 0 0] 0] 0] 0 0 0]
TOTAL 2700 1660 1256 1649 3207 967 906
MEAN 1839 1772 689
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TABLE 1. CONTINUED.
TOTAL P-MONTHLY NUTRIENT SUMMARIES TREATMENT

Wy 1982
CLEARCUT SELECTION CONTROL
12 15 18 10 14 17 11 13
oCT 55 26 0 16 17 0 3 43
NOV 0 0 0 0 0 0 0 0
DEC 0 0 0 0 0 0 0 0
JAN 69 41 313 28 33 16 17 223
FEB 4 0 0 0 3 0 3 0
MAR 25 15 242 8 1430 11 9 80
APR 88 61 2547 40 52 7 27 405
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JUN 23 10 24 8 156 4 3 31
JUL 1 1 13 2 0 1 0 0
AUG 4 3 0 3 1 0 1 3
SEP 0 0 0 0 0 0 0 0
TOTAL 269 157 3139 105 1553 40 63 785
MEAN 1188 566 287
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MAY 0 0 O 0 0 0 0 0
JUN 10 5 1 6 J{ 3 2 1
JUL 0 0 O 0 0 O 0 0
AUG 0 0 O 0 0 0 0 1
SEP 0 0 O 0 0 O 0 0
TOTAL 58 30 20 27 1449 17 18 17
MEAN 36 498 13
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CONTINUED.

TABLE 1.

POTAS-MONTHLY NUTRIENT SUMMARIES TREATMENT
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CONTINUED.

TABLE 1.

NO3-MONTHLY NUTRIENT SUMMARIES BY TREATMENT
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TOTAL P-MONTHLY NUTRIENT SUMMARIES BY TREATMENT
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CONTINUED.
POTAS-MONTHLY NUTRIENT SUMMARIES BY TREATMENT
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CALCIUM-MONTHLY SUMMARIES BY TREATMENT
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CONTINUED.
NO3-MONTHLY NUTRIENT SUMMARIES BY TREATMENT
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CONTINUED.
TOTAL P-MONTHLY NUTRIENT SUMMARIES BY TREATMENT

WY 1984

TABLE 1.
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CONTINUED.

TABLE 1.

POTAS-MONTHLY NUTRIENT SUMMARIES BY TREATMENT
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CALCIUM-MONTHLY NUTRIENT SUMMARIES BY TREATMENT
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NO3-MONTHLY NUTRIENT SUMMARIES BY TREATMENT
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TABLE 1.

TOTAL P-MONTHLY NUTRIENT SUMMARIES BY TREATMENT
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CONTINUED.
POTAS-MONTHLY NUTRIENT SUMMARIES BY TREATMENT

WY 1985
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CALCIUM-MONTHLY NUTRIENT SUMMARIES BY TREATMENT
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TABLE 2. NUTﬁégNL CONCENTRATIONS BY TREATMENT, WATERSHED AND YEAR (mg/1).

WY 1980
CLEARCUT SELECTION CONTROL
12 15 18 10 14 17 11 13 16
ocT 0.000 0.000 0.000 0.000 0.175 0.000 1.424 0.000 0.000
NOV 1.592 1.628 0.000 1.904 1.695 0.000 1.645 1.683 0.000
DEC 1.583 1.603 0.880 1.877 0.000 0.946 1.474 1.389 1.001
JAN 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
FEB 0.000 0.000 0.000 0.000 0.145 0.000 0.000 0.000 0.000
MAR 0.776 0.638 0.000 0.808 1.190 0.000 0.736 0.722 0.000
APR 0.741 0.699 0.762 0.692 0.496 0.840 0.925 0.830 0.885
MAY 0.000 0.827 0.969 0.752 0.000 0.899 0.741 0.747 0.913
JUN 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
JUL 0.000 0.000 0.000 0.153 0.000 0.000 0.000 0.000 0.000
AUG 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
SEP 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
DW TMT MEAN 0.862 1.004 1.003
TKN
WYy 1980
CLEARCUT SELECTION CONTROL
12 15 18 10 14 17 1 13
ocT 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.
NOV 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.
DEC 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.
JAN 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.
FEB 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.
MAR 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0
APR 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.
MAY 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.
JUN 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.
JUL 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0
AUG 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.
SEP 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.

DW TMT MEAN 0.000 0.000 0.000
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TABLE 2. CONTINUED. TOTAL P
WYy 1980

CLEARCUT SELECTION CONTROL
12 15 18 10 14 17 1 13 16
ocTt 0.000 0.000 0.000 0.000 0.004 0.000 0.044 0.000 0.000
NOV 0.035 0.039 0.000 0.053 0.206 0.000 0.027 0.193 0.000
DEC 0.033 0.035 0.052 0.039 0.000 0.039 0.035 0.035 0.059
JAN 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
FEB 0.000 0.000 0.000 0.000 0.005 0.000 0.000 0.000 0.000
MAR 0.029 0.033 0.000 0.036 0.031 0.000 0.031 0.033 0.000
APR 0.027 0.024 0.038 0.024 0.030 0.419 0.056 0.020 0.031
MAY 0.000 0.026 0.034 0.034 0.000 0.025 0.030 0.041 0.070
JUN 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
JuL 0.000 0.000 0.000 0.007 0.000 0.000 0.000 0.000 0.000
AUG 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
SEP 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
DW TMT MEAN 0.029 0.103 0.042
ORTHO P
WY 1980
CLEARCUT SELECTION CONTROL
12 15 18 10 14 17 11 13
ocT 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.
NOV 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0
DEC 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0
JAN 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.
FEB 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.
MAR 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.
APR 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.
MAY 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.
JUN 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.
JUL 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.
AUG 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.
SEP 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.

OW TMT MEAN 0.000 0.000 0.000
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