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Abstract:
Soil and vegetation influence each other. In forested ecosystems individual trees and understory
vegetation influence soil characteristics as the forest undergoes succession, beginning with the
disturbance of logging and site preparation activities. The objective of this study was to compare levels
of soil parameters (organic matter, pH, nitrate-nitrogen, phosphorus, and potassium) in various
lodgepole pine spacing intervals. Changes in the soil were evaluated in each tree spacing interval as
distance from the tree increased. Effects on soil parameters resulting from an herbicide treatment of the
understory vegetation was evaluated. Comparisons were also made between various unsprayed and
sprayed tree spacing interval stands, an unspaced naturally regenerated stand, and a mature stand.
Existing 35-40 year old USDA Forest Service plots on the Lewis and Clark, and Targhee National
Forests were used. Trees were spaced at intervals of 1.8m by 1.8m, 3.6m by 3.6m, and 5.4m by 5.4m.
A transect at each tree was established and quadrat locations near the bole, at the dripline, and at the
midpoint were selected along each transect. Soil samples were collected from the center of each
quadrat at a depth of 5-10 cm. Soils were analyzed in the lab and were compared using analysis of
variance. On the Lewis and Clark site tree harvest had the most widespread effect on potassium, with
more limited effects on phosphorus and organic matter. Tree harvest reduced potassium and organic
matter in the unsprayed 1.8m tree spacing intervals, and organic matter, phosphorus, and potassium in
the sprayed 1.8m tree spacing intervals. Tree harvest also reduced phosphorus and potassium in the
wide sprayed tree spacing intervals. The trend was for high nitrate-nitrogen, phosphorus, potassium,
and organic matter in the wider unsprayed tree spacing intervals. In sprayed areas high potassium was
found in both the 1.8m and 5.4m tree spacing intervals, and high nitrate-nitrogen occurred in the wide
tree spacing interval. Distance from the tree affected the soil only in the wider tree spacing intervals.
Potassium increased with increasing distance from the tree in the wider sprayed areas. Organic matter
was negatively affected by distance from the tree in the wide sprayed spacing intervals. The herbicide
treatment detrimentally affected organic matter, phosphorus and potassium in the wide tree spacing
intervals. On the Targhee site tree harvest generally had a negative effect on both phosphorus and
potassium, but nitrate-nitrogen showed a positive effect from tree harvest in the 1.8m tree spacing
intervals. In the unsprayed areas pH was more acidic in the 1.8m tree spacing interval than in the wide
tree spacing interval stands as a result of the tree spacing treatment. Phosphorus at the dripline was
detrimentally affected by 1.8m tree spacing intervals in the unsprayed areas and organic matter
benefited from intermediate tree spacing intervals in the sprayed areas. The trend was for higher
nitrate-nitrogen in the 1.8m tree spacing intervals. Greater distances from the tree negatively affected
phosphorus in the unsprayed 3.6m tree spacing interval, as well as in both the sprayed 3.6m and 5.4m
tree spacing intervals. Levels of pH were generally more acidic in the sprayed areas than in the
unsprayed areas. The herbicide treatment had a positive effect on nitrate-nitrogen at the midpoint and in
the 1.8m tree spacing interval. Phosphorus was adversely effected by herbicides in the 3.6m tree
spacing interval. The results of this study show that individual trees do exert an influence on soil
characteristics, but the influence varies, depending on the soil parameter, tree spacing interval, and
distance from the tree.
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ABSTRACT
Soil and vegetation influence each other. In forested ecosystems individual trees and
understory vegetation influence soil characteristics as the forest undergoes succession,
beginning with the disturbance o f logging and site preparation activities. The objective o f this
study was to compare levels o f soil parameters (organic matter, pH, nitrate-nitrogen,
phosphorus, and potassium) in various lodgepole pine spacing intervals. Changes in the soil
were evaluated in each tree spacing interval as distance from the tree increased. Effects on
soil parameters resulting from an herbicide treatment o f the understory vegetation was
evaluated. Comparisons were also made between various unsprayed and sprayed tree spacing
interval stands, an unspaced naturally regenerated stand, and a mature stand. Existing 35-40
year old USDA Forest Service plots on the Lewis and Clark, and Targhee National Forests
were used. Trees were spaced at intervals o f 1.8m by 1.8m, 3.6m by 3.6m, and 5.4m by
5.4m. A transect at each tree was established and quadrat locations near the bole, at the
dripline, and at the midpoint were selected along each transect. Soil samples were collected
from the center of each quadrat at a depth o f 5-10 cm. Soils were analyzed in the lab and
were compared using analysis o f variance. On the Lewis and Clark site tree harvest had the
most widespread effect on potassium, with more limited effects on phosphorus and organic
matter. Tree harvest reduced potassium and organic matter in the unsprayed 1.8m tree
spacing intervals, and organic matter, phosphorus, and potassium in the sprayed 1.8m tree
spacing intervals. Tree harvest also reduced phosphorus and potassium in the wide sprayed
tree spacing intervals. The trend was for high nitrate-nitrogen, phosphorus, potassium, and
organic matter in the wider unsprayed tree spacing intervals. In sprayed areas high potassium
was found in both the 1.8m and 5.4m tree spacing intervals, and high nitrate-nitrogen
occurred in the wide tree spacing interval. Distance from the tree affected the soil only in the
wider tree spacing intervals. Potassium increased with increasing distance from the tree in
the wider sprayed areas. Organic matter was negatively affected by distance from the tree in
the wide sprayed spacing intervals. The herbicide treatment detrimentally affected organic
matter, phosphorus and potassium in the wide tree spacing intervals. On the Targhee site tree
harvest generally had a negative effect on both phosphorus and potassium, but nitratenitrogen showed a positive effect from tree harvest in the 1.8m tree spacing intervals. In the
unsprayed areas pH was more acidic in the 1.8m tree spacing interval than in the wide tree
spacing interval stands as a result o f the tree spacing treatment. Phosphorus at the dripline
was detrimentally affected by 1.8m tree spacing intervals in the unsprayed areas and organic
matter benefltted from intermediate tree spacing intervals in the sprayed areas. The trend was
for higher nitrate-nitrogen in the 1.8m tree spacing intervals. Greater distances from the tree
negatively affected phosphorus in the unsprayed 3.6m tree spacing interval, as well as in both
the sprayed 3.6m and 5.4m tree spacing intervals. Levels o f pH were generally more acidic
in the sprayed areas than in the unsprayed areas. The herbicide treatment had a positive effect
on nitrate-nitrogen at the midpoint and in the 1.8m tree spacing interval. Phosphorus was
adversely effected by herbicides in the 3.6m tree spacing interval. The results of this study
show that individual trees do exert an influence on soil characteristics, but the influence
varies, depending on the soil parameter, tree spacing interval, and distance from the tree.
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INTRODUCTION

Species occurrence, plant cover, vegetative biomass, and soil characteristics in any
forest ecosystem are the result o f a complex sequence o f events, or a process, that includes
interacting factors o f climate, topography, and living organisms on geologic parent material
over time (Jenny, 1941). As with any landscape on earth this process is occurring on the
forest landscape in the Rocky Mountains o f Montana and Idaho. USDA-Forest Service study
sites established to evaluate effects o f tree spacing intervals on lodgepole pine (pinus
contortd) growth present an opportunity to observe soil characteristics resulting from both
soil forming and successional processes.

Succession on these plots has been managed

specifically to maintain a lodgepole pine overstory while understory species composition has
been allowed to develop without a specific serai goal. O f course it would seem reasonable
that any treatment to maintain a specific serai overstory would also affect understory and soil
characteristics.
Soil and vegetation influence each other. In a forest ecosystem, patterns o f soil
properties develop and vary spatially under the influence o f individual trees (Zinke, 1962;
B oettcher and Kalisz, 1990). An individual tree influences soil development by affecting
microclimate, crown drip and stem flow, quantity and composition o f litter, and the character
o f the root system (Alban, 1969).

These four factors exert a direct influence on soil
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development, as well as an indirect influence on soil microorganisms and understory
vegetation.
Although the literature contains a voluminous repertoire o f reports regarding general
effects o f dominant overstory species on soil properties, it is relatively limited in studies
dealing with spatial variation resulting from the direct influence o f individual lodgepole pine
trees. Muller (1887) described mull humus soils beneath oak trees indicating differences in
soil characteristics under the trees compared to the adjacent podzolized heath land soils.
Jamison (1942) studied soil properties under orange trees in Florida and described changes
as distance from individual trees increased. Some studies undertaken in the middle o f the
century, showed that individual plants influence soil properties in a predictable manner
(Fireman and Hayward, 1952; Harradine, 1954; Muller and Muller, 1956). Fireman and
Hayward (1952) found that various desert shrub species influenced exchangeable sodium
patterns differently. Harradine (1954) observed that soil nitrogen was less in the open than
under the influence o f Pinusponderosa. Muller and Muller (1956) noted that in desert areas
the occurrence o f herbaceous ground vegetation was associated with the influence o f
individual shrubs on the soil.
A classic study showing the influence o f a single tree on soil properties was reported
by Zinke (1962).

He showed that soil properties exhibited distinct patterns o f radial

symmetry around a 45-year-old shore pine QPinus contorta Dougl. ex Loud). Nitrogen levels
decreased as distance from the tree increased. Divalent cations (Ca and M g) decreased from
the bole to the dripline, then increased as distance from the crown increased. Monovalent
cations (K and Na) decreased from the bole to beyond the dripline as distance from the tree
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increased. Barth (1980) hypothesized that elemental concentrations in the soil under the
canopy would increase with tree age. Many studies have been done to show that soil nutrient
levels exhibit radial symmetry around older trees (Dickson and Crocker, 1954; Zinke, 1962;
Lodhi, 1977; Barth, 1980; Everett et al., 1986; Perez, 1995). M ost o f the trees in these
studies were much older than 35 years o f age.
Very little work has been reported regarding the radial spatial distribution patterns o f
soil characteristics in 35-40 year old Iodgepole pine stands. Primary objectives o f this study
were to I) determine and evaluate soil characteristics as influenced by individual trees and the
associated understory vegetation in various tree spacing intervals, 2) determine and evaluate
differences in soil characteristics resulting from prior herbicide treatments in various tree
spacing intervals, 3) determine the existence o f spatial variation resulting in radial pattern, and
4) determine the changes in soil characteristics caused by timber harvest and site preparation.
Since the lodgepole pine stands used in this study are young, and disturbance o f the topsoil
from logging and site preparation activities is relatively recent, understory succession and
especially soil development o f the surface horizon are in their early stages.
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STUDY SITES

The tw o sites selected for this study were part o f a USDA Forest Service research
project initiated in 1964 (FS-INT-1251-520) to monitor the growth o f lodgepole pine
subjected to various tree spacing intervals. Experimental plots are located on the Lewis and
Clark, and Targhee National Forests.

Targhee Site

The Targhee study site is located in the SW 1/4 o f Section 10, Township 13 North,
Range 43 East, which is approximately 5 km north of Island Park, Idaho. Slopes on the study
site are 0-5% with north and east aspects and the elevation is 1951 meters above sea level.
Geologically, the site is on the northwest edge o f the Island Park caldera (Alt and Hyndman,
1989). The parent material is rhyolite, has a low bulk density, and is almost pumiceous. Soil
derived from this parent material is classified as a Typic Cryopsamment (Stermitz et at.,
1974).
Climate information from nearby Island Park Dam (U.S. W eather Bureau, 1970-81)
shows the annual mean temperature is T C and the annual precipitation averages 78 cm.
U nderstory vegetation on the study site is dominated by grouse whortleberry
(Vacciniitm scoparium), pinegrass (Calamagrostis rubescens), elk sedge (Carex geyeri), and
silky lupine (Lupinus sericeus). The overstory is lodgepole pine {Finns contortd). Habitat
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type is classified as Douglas fir/pinegrass (Pseudotsuga menziesWCalamagrostis rubescens)
(Pfister et al., 1977).
In 1956 a 67-year-old stand o f lodgepole pine was harvested and the slash was
broadcast burned the next year. Stocking density in 1966 was 16,556 trees per hectare when
the site was thinned to establish the original lodgepole pine spacing study.

Lewis and Clark Site

The Lewis and Clark site is located in the SE 1/4 o f Section 16, Township 11 North,
Range 10 East, approximately 35 km west o f Utica, Montana. The study site has slopes o f
2-5% with a southeast aspect and is at an elevation o f 1946 m. Climatic information is taken
from MAPS Atlas (Caprio et al., 1994) which shows a mean annual temperature o f 5° C and
a mean annual precipitation o f 42 cm in the general area o f the study plot. The average date
o f first freeze is between August 28 and September 2 and the average date o f the last freeze
is between June 19 and 29 with the mean length o f the freeze free season 50-70 days. Annual
snowfall is between 508 cm and 762 cm.
Parent material on the site is granite and the soil is a moderate to deep well drained
sandy loam. The soil is classified as a Typic Cryoboralf (USDA Soil Conservation Service,
1978). The overstory near the site is dominated by lodgepole pine with some subalpine fir
{Abies lasiocarpa), whitebark pine {Firms albicaulis) on the high ridges, and Engelmann
spruce {Picea engelmannii) in the wetter draws. Lodgepole pine is the only overstory species
on the study site. Understory vegetation is dominated by grouse whortleberry, elk sedge.
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silky lupine, and showy aster (Aster conspicuus). The habitat type is classified as subalpine
fir/grouse whortleberry (Abies IasiocarpaIVaccinium scoparium) (Pfister et al., 1977).
In 1954 the 150-year-old timber stand was harvested and the slash was dozer piled
and burned that same year. The pine spacing study was started on this site in 1965 when the
regenerated lodgepole pine stand was thinned to the experimental treatment spacing intervals.
At the time the regenerated stand was thinned the stocking density was 36,793 trees per
hectare.

METHODS AND PROCEDURES

This study was conducted on two previously established sites (Lewis and Clark, 1965,
and Targhee, 1966, National Forests) by the USDA Forest and Range Experiment Station
(FS-INT-1251-520) to evaluate effects o f various tree spacing intervals on the growth o f
lodgepole pine.

Each site represents different geographical locations, environmental

conditions, elevation, precipitation, climate, and habitat type.
B oth o f the study sites consisted o f five different tree spacing intervals in a
randomized complete-block design o f two replications. Only the 1.8 meter by 1.8 meter,
3.6m by 3.6m, and 5.4m by 5.4m spacing interval plots were used in this study. The trees
w ere thinned to the approximate spacing interval at the time the plots were established by
either mechanical or chemical means. One half o f each tree spacing interval plot was thinned
mechanically, while the other half o f the plot was thinned using chemical herbicides. Dalpon,
2-4-5-T, and 2-4-D were applied to kill all vegetation except for selected trees which were
to be used, in the pine spacing study. The 1.8m by 1.8m tree spacing interval plots were
thinned to ten rows o f thirteen trees on each half plot (Fig. I). This study utilized the six
center trees in the center two rows (twelve trees). The 3.6m by 3.6m tree spacing interval
plots were thinned to six rows o f nine trees on each half plot (Fig. I). The six center trees
in the center tw o rows were utilized (twelve trees). On the half plots o f 5.4m by 5.4m tree
spacing intervals, the trees were thinned to seven trees in each o f seven rows (Fig. I). The
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center four trees in the center three rows were utilized (twelve trees). In each tree spacing
interval plot, the trees surrounding the utilized trees acted as a buffer zone from the influence
o f trees outside the study plots.

Unsprayed

1.8 m x 1.8 m

3.6 m x 3.6 m

5.4m x 5.4m

Sprayed

|bbbbbbbbbbbbb|bbbbbbbbbbbbb|
jbbbbbbbbbbbbbjbbbbbbbbbbbbb]
jbbbbbbbbbbbbbjbbbbbbbbbbbbb]
|bbbbbbbbbbbbb|bbbbbbbbbbbbb|
jbbbbxxxxxxbbbjbbbxxxxxxbbbbj
|bbbbxxxxxxbbb|bbbxxxxxxbbbb|
Jbbbbbbbbbbbbbjbbbbbbbbbbbbb]
jbbbbbbbbbbbbbjbbbbbbbbbbbbb
jbbbbbbbbbbbbbjbbbbbbbbbbbbb]
jbbbbbbbbbbbbbjbbbbbbbbbbbbb]

|bbbbbbbbb|bbbbbbbbb|
|bbbbbbbbb|bbbbbbbbb|
|bbxxxxxxb|bxxxxxxbb|
Ib b x x x x x x b I b x x x x x x b b I
|bbbbbbbbb|bbbbbbbbb|
jbbbbbbbbbjbbbbbbbbb]

|b b b b b b b|b b b b b b b|
|b b b b b b b|b b b b b b bf
[b b x x x x b | b x x x x b b|
|b b x x x x b|b x x x x b b|
|b b x x x x b|b x x x x b b|
|b b b b b b b|b b b b b b b|
| b b b b b b b | b b b b b b b|
b-buffer trees

x=possible utilized trees

Figure I . Study plot layout showing the location o f trees utilized for each o f the three tree
spacing intervals.

Nine o f the center twelve trees were randomly selected to run a transect diagonally
between two tree-pairs. Diagonal transects were selected to allow sampling along the
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maximum growing space available to the trees. The direction o f the transect was randomly
selected from one o f four possible directions. All nine transects on a half plot were run in the
same direction from the selected trees. Three 20 cm x 50 cm quadrats were selected along
each transect. The first quadrat location was 45 cm from the trunk (bole) o f the tree (near the
bole), the second at the crown edge (dripline), and the third at the greatest distance between
two tree crowns (midpoint). Distances between the three quadrats along each transect were
recorded.
Soil sampling on the Lewis and Clark site was done during the second week o f
August, and the Targhee site during the first week o f September. Soil samples were taken
at a depth o f 5-10 cm in the center of each quadrat on every third transect. The first transect
selected on each half plot was randomly selected from transect numbers I, 2, and 3. The soil
samples were oven-dried and analyzed for pH, percent organic matter, nitrate nitrogen,
phosphorous, and potassium. Measurements from all quadrats within sprayed or unsprayed
half plots, regardless o f quadrat location or tree spacing interval, were used to derive a plot
wide average measurement.
Soil samples were also collected in an unspaced naturally regenerated clearcut and in
an uncut mature stand o f timber. Both stands were contiguous to the study plots. Soil
samples within the unspaced naturally regenerated clearcut were taken from four randomly
selected transects, with 20 cm by 50 cm quadrats placed at 45 cm from the bole of the tree,
at the dripline o f the crown, and at the midpoint between the crowns o f two diagonally
adjacent trees. Soil samples were taken at a depth o f 5-10 cm in the center o f all quadrats on
four randomly selected transects. Samples within the uncut mature stand were taken from
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the center o f six randomly selected quadrats. Their location relative to the bole and dripline
o f the nearest tree were recorded, as well as tree diameter. Soil samples were taken at a
depth o f 5-10 cm in the center o f the six randomly selected quadrats.
Within 24 hours o f collection, the soil samples were placed in an oven at 105° C for
drying. After drying the samples were taken to the Montana State University Soil Testing
Laboratory where they were ground and analyzed for percent organic matter, pH, nitratenitrogen, phosphorus, and potassium. The methods the soil testing laboratory used to analyze
all five soil characteristics are described in detail by Page et al. (1982).

In addition,

procedures where colorimetric analysis was needed (i.e. nitrate-nitrogen analysis), are
described by Clesceri et al. (1989).
Statistical analysis was done using SAS (SAS, 1987). Analysis o f variance was used
to compare five soil characteristics (percent organic matter, pH, nitrate-nitrogen,
phosphorous, and potassium) in the three tree spacing intervals (both herbicide treated and
untreated), the unspaced naturally regenerated stand, and the mature stand. This analysis was
used to show effects o f spacing interval, distance from the bole o f the tree, the past herbicide
treatment, and timber harvest.
From the analysis o f distance from the bole o f the tree, radial pattern can be
characterized. In this study radial pattern is classified as either sequential or nonsequential.
Sequential radial pattern occurs when values progressively increase or decrease along the bole
to midpoint transect. The presence or absence o f statistically significant differences will
determine if evidence for radial pattern is strong strong. In this study the term "significant"
means P < or = .05.
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RESULTS AND DISCUSSION

Lewis and Clark Site

Plot-wide Overview
Effect o f Herbicide Treatment on Soil Characteristics. Some differences between
unsprayed and sprayed areas would be expected if soil parameters were directly affected by
herbicides or indirectly affected by herbicide residuals, or by vegetation in which succession
was altered as a result o f herbicide effects. The level o f all soil parameters, except pH, was
higher in the unsprayed areas than in the sprayed areas o f the study site (Table I), but the
differences were small. Since differences in the level o f all soil characteristics between
unsprayed and sprayed areas were not significant, it appears that herbicide treatment has had
no direct deleterious effects, nor are indirect detrimental effects on soil characteristics evident.

Table I. Measurements o f soil parameters in the unsprayed and sprayed areas on the Lewis
and Clark study site.
R e g e n e r a te d S ta n d s

S o il
P a r a m e te r

U n sn raved

Snraved

P O M ( 0Zo)

1 .5 0

1 .2 7

PH

4 .7

4 .7

N (m g /k g )

0 .6

0 .4

P (m g /k g )

3 7 .0

3 4 .0

K ( m g /k g )

125

122

POM=percent organic matter, N=nitrate-nitrogen; P=phosphorus; K=potassium
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Effect o f Tree Harvest on Soil Characteristics. It is expected that soil development
in the top ten centimeters on the study plot would have progressed little in the short time
since logging disturbance (37 years ago). Mixed results occurred when comparing soil
parameters in the unspaced naturally regenerated stand and the mature stand (Table 2).
Nitrate-nitrogen and pH were slightly higher in the unspaced naturally regenerated stand than
in the mature stand. Percent organic matter, phosphorus, and potassium levels were higher
in the mature stand than in the unspaced naturally regenerated stand. Percent organic matter
may be significantly higher in the mature stand because the forest floor has not been disturbed,
the litter layer is larger, and over time, organic matter has accumulated; whereas, in the
unspaced naturally regenerated stand, logging activities have disturbed the litter layer and the
upper part o f the mineral soil. Sufficient time has not passed to allow extensive accumulation
o f organic matter at the five to ten centimeter depth (sampling depth) in the unspaced
naturally regenerated stand.

Table 2. Measurements o f soil parameters in the unspaced naturally regenerated stand and
the mature stand on the Lewis and Clark study site.
S o il

U n sp a ced

P a r a m e te r

R e g e n e r a tio n

P O M (% )

1 .2 0 b

M a tu r e
1 .7 5 b

PH

4 .8

4 .7

N (m g /k g )

0 .7

0 .2 ,

P ( m g /k g )

3 9 .1

4 1 .5

K ( m g /k g )

118

148

b-significant difference between Unspaced & Mature
POM=Percent organic matter; N=nitrate-nitrogen; P=phosphorus; K=potassium
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Effects o f Tree Harvest on Percent
Organic M atter
Unsprayed Versus Mature. The percent organic matter was higher in the mature stand
than in the unsprayed areas o f the 1.8m and 3.6m tree spacing interval stand (Table 3). It was
expected that the percent organic matter would be higher in the mature stand than in all three
tree spacing interval stands, since litter in the mature stand has had more time to decompose.
Because differences in the percent organic matter levels between the unsprayed 1.8m tree
spacing interval stand and the mature stand were statistically significant, the hypothesis is
supported. The differences in percent organic matter between the mature stand and the
unsprayed 3.6m tree spacing interval stands were not statistically significant, therefore, the
hypothesis is not supported. In the 5.4m tree spacing interval stand the percent organic
m atter was higher in the unsprayed areas o f the study plot than in the mature stand, which
also does not support the hypothesis. Timber harvest has only affected percent organic matter
in the narrow tree spacing interval stands.

Table 3. Percent organic matter comparing spaced unsprayed areas with a mature stand on
the Lewis and Clark study site.
S p a c in g

Spaced

In te r v a l

U n sn raved

M a tu r e

1 .8 m .

1 .0 9 c

1 .8 7 c

3 .6 m

1 .3 6

1 .7 2

5 .4 m

1 .9 8

1 .6 8

c-significant difference between Unsprayed & Mature

Sprayed Versus M ature. The percent organic matter was appreciably higher in the
mature stand than percent organic matter in the sprayed areas in the 1.8m tree spacing interval
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stand (Table 4). Percent organic matter was also higher in the mature stand than in the
sprayed areas o f both the 3.6m and 5.4m tree spacing interval stands.
It was expected that the percent organic matter would be higher in the mature stand
than in all three tree spacing interval stands, since litter has had more time to decompose.
Because differences in the percent organic matter levels between the sprayed 1.8m tree
spacing interval stands and the mature stand were statistically significant, the hypothesis is
supported. Since the differences in percent organic matter between the mature stand and both
the sprayed 3.6m and 5.4m tree spacing interval stands were not statistically significant, the
hypothesis is not supported. In the sprayed areas, as in the unsprayed areas, tree harvest has
only affected percent organic matter in the narrow tree spacing interval stands.

Table 4. Percent organic matter comparing spaced sprayed areas with a mature stand on
the Lewis and Clark study site.
S p a c in g

Spaced

In te r v a l

S nraved

M a tu r e

1 .8 m

1 .1 3 d

1 .8 7 d

3 .6 m

1 .4 0

1 .7 2

5 .4 m

1 .3 1

1 .6 8

d-significant difference between Sprayed & Mature

Effects o f Spacing Treatment on
Percent Organic M atter
Unsprayed Areas. In the unsprayed areas o f the Lewis and Clark study site, the
highest percent organic matter measurements occurred in the 5.4m tree spacing interval stand
at all three quadrat locations (Table 5). At quadrat locations near the bole and at the
midpoint, percent organic matter increased with increasing tree spacing intervals, and at the
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midpoint the differences in percent organic matter between the 1.8m and 5.4m tree spacing
interval stands were statistically significant. At the dripline, percent organic matter was
highest in the 5.4m tree spacing interval stand, intermediate in the 1.8m tree spacing interval
stand, and lowest in the 3.6m tree spacing interval stand. Although this pattern is different
than at the other two quadrat locations, the statistically significant differences in the data,
here, as well as at the midpoint, suggest that spacing interval does affect percent organic
matter in the less dense lodgepole pine stands.

Table 5. Percent organic matter in each tree spacing interval, by quadrat location, for
unsprayed areas on the Lewis and Clark study site.
Q uadrat
L o c a tio n
B o le

U n s n r a v e d S n a c in n In te r v a l
1 .8 m

3 .6 m

5 .4 m

1 .2 3

1 .7 7

1 .8 4

D r ip lin e

1 .2 4 f

1 .0 6 e

2 .1 I e f

M id p o in t

0 .9 7 f

1 .2 9

2 .0 0 f

e-significant difference between 3.6m & 5.4m

f-significant difference between 1.8m Sc 5.4m

Sprayed Areas. Percent organic matter near the bole increased as tree spacing interval
increased in the sprayed areas of the Lewis and Clark study site (Table 6). At the dripline and
at the midpoint the spatial distribution patterns were different. While the high level o f organic
matter at both o f these quadrat locations occurred in the 3.6m tree spacing interval stand, the
low organic matter level occurred at the dripline in the 5.4m tree spacing interval stand and
at the midpoint in the 1.8m tree spacing interval stand. Since none o f the differences were
statistically significant the data indicate that lodgepole pine spacing interval has no effect on
percent organic matter in the sprayed areas o f the study plot.
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Table 6. Percent organic matter in each tree spacing interval, by quadrat location, for
sprayed areas on the Lewis and Clark study site.
Q u a d ra t
L o c a tio n
B o le

S o r a v e d S o a c in g In terv a l
1 .8 m

3 .6 m

5 .4 m

1 .2 2

1 .3 7

1 .7 8

D r ip lin e

1 .2 2

1 .2 4

1 .1 0

M id p o in t

0 .9 0

1 .5 5

1 .0 2

Unsprayed Versus Unspaced Regeneration. Percent organic matter was higher in the
unspaced naturally regenerated stand than in the unsprayed areas in the 1.8m tree spacing
interval stand (Table 7). The percent organic matter in the 3.6m and 5.4m tree spacing
interval stands was higher in the unsprayed areas than in the unspaced naturally regenerated
stand.

Table 7. Percent organic matter comparing spaced unsprayed areas with an unspaced
naturally regenerated stand on the Lewis and Clark study site.
S p a c in g
In te r v a l

Spaced
U n sn raved

U n sp a ced
R e g e n e r a te d

1 .8 m

1.11

1 .2 5

3 .6 m

1 .3 7

1.20

5 .4 m

2 .0 0 b

1 .1 5 b

b-significant difference between Unsprayed & Unspaced Regenerated

It was expected that percent organic matter in the unspaced naturally regenerated
stand and in the narrower tree spacing interval stand would be similar, since in both stands
the trees are spaced close together. This hypothesis is supported by the data because the
differences in percent organic matter between the unspaced naturally regenerated stand and
the unsprayed 1.8m and 3.6m tree spacing interval stands were not statistically significant.
Further evidence is found in the dissimilarity o f percent organic matter levels between the
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unsprayed 5.4m tree spacing interval stand and the unspaced naturally regenerated stand, as
the difference was statistically significant. These data suggest that wide tree spacing interval
stands may be beneficial for higher percent organic matter.

Effects o f Distance from the Tree on
Percent Organic Matter
Unsprayed Areas. In the unsprayed areas o f the Lewis and Clark study site, the spatial
distribution patterns o f percent organic matter in each tree spacing interval stand were
different, but all three indicate possible nonsequential radial pattern (Table 8). Since no
statistically significant differences were found for percent organic matter measurements
between quadrats in any o f the three tree spacing interval stands, evidence for radial pattern
is considered weak. These, data also suggest that distance from the trunk o f the tree has no
significant effect on percent organic matter.

Table 8. Percent organic matter in each tree spacing interval along the bole to midpoint
transect for unsprayed areas on the Lewis and Clark study site.
Q u a d ra t

U n s n r a v e d S n a c in e In te r v a l

L o c a tio n

1 .8 m

3 .6 m

B o le

1 .2 3

1 .7 7

1 .8 4

D r ip lin e

1 .2 4

1 .0 6

2 .1 1

M id p o in t

0 .9 7

1 .2 9

2 .0 0

5 .4 m

Sprayed Areas. In the 1.8m and 5.4m tree spacing interval stands, percent organic
matter decreased along the bole to midpoint transect, indicating the presence o f sequential
radial pattern (Table 9). Evidence for radial pattern is considered weak in the 1.8m tree
spacing interval stand because the differences in percent organic matter along the bole to
midpoint transect were not statistically significant. Strong evidence for radial pattern does
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exist in the 5.4m tree spacing interval stand, since there is a significant difference between
percent organic matter near the bole and percent organic matter at the midpoint. The spatial
distribution pattern o f organic matter was different in the 3.6m tree spacing interval stand
where the highest level was found at the midpoint and the lowest level at the dripline,
indicating nonsequential radial pattern. Without statistically significant differences in percent
organic matter between quadrat locations, the evidence must be considered weak. This
significant difference also suggests that distance from the trunk o f the tree adversely affects
percent organic matter in wide tree spacing interval stands.

Table 9. Percent organic matter in each tree spacing interval along the bole to midpoint
transect for sprayed areas on the Lewis and Clark study site.
Q uadrat

S n r a v e d S n a c in u In terval

L o c a tio n

18m

3 .6 m

B o le

1 .2 2

1 .3 7

1 .7 8 c

D r ip lin e

1 .2 2

1 .2 4

1 .1 0

M id p o i n t

0 .9 0

1 .5 5

1 .0 2 c

5 .4 m

o-significant difference between Bole & Midpoint

Unsprayed Versus Unspaced Regeneration. The percent organic matter at all three
quadrat locations was higher in the unsprayed areas than in the unspaced naturally
regenerated stand (Table 10). Although percent organic matter differences between the two
stands are not statistically significant, the higher levels in the unsprayed area is a result o f the
influence o f higher percent organic matter in the wider tree spacing interval stands. In the
unsprayed areas percent organic matter decreased along the bole to midpoint transect,
indicating sequential radial pattern. Since the differences in percent organic matter between
quadrats were not statistically significant the evidence is considered weak.
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The spatial distribution pattern o f percent organic matter in the unspaced naturally
regenerated stand indicates nonsequential radial pattern. The evidence for radial pattern,
however, is considered weak since the differences in percent organic matter between quadrats
are not statistically significant. This is probably due to overlapping tree influence, since the
trees are spaced randomly and are generally closer together in the unspaced naturally
regenerated stand than trees in the various tree spacing interval stands. Distance from the
trunk o f the tree has no effect on percent organic matter in either the unsprayed areas or in
the unspaced naturally regenerated stand.

Table 10. Percent organic matter comparing spaced unsprayed areas, by quadrat location,
with an unspaced naturally regenerated stand on the Lewis and Clark study site.
Q u a d ra t

Spaced

U n sp a ced

L o c a tio n

U n sn raved

R e g e n e r a te d

B o le

1 .6 1

1 .2 5

D r ip lin e

1 .4 7

1 .1 3

M id p o in t

1 .4 5

1 .2 7

Effects o f Herbicide Treatment on
Percent Organic M atter
Unsprayed Versus Sprayed by Quadrat Location. Percent organic matter was higher
in the unsprayed areas o f the study plot than in the sprayed areas (Table 11) at each o f the

Table 11.

Percent organic matter comparing spaced unsprayed and sprayed areas, by
quadrat location, on the Lewis and Clark study site.
Q u a d ra t
L o c a tio n

Snaced
U n sn raved

S nraved

B o le

1 .6 1

1 .4 6

D r ip lin e

1 .4 7

1 .1 9

M id p o in t

1 .4 5

1 .1 6
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three quadrat locations. No statistically significant differences occur between the unsprayed
and sprayed areas, indicating that the herbicide treatment has had no effect on percent organic
matter.
Sprayed Versus Unspaced Regeneration by Quadrat Location. Percent organic matter
was higher in the sprayed areas than in the unspaced naturally regenerated stand near the bole
and at the dripline (Table 12). At the midpoint, however, percent organic matter was higher
in the unspaced naturally regenerated stand than in the sprayed areas o f the study plot. Since
the differences in percent organic matter between the two stands are not statistically
significant, they must be considered similar. Their similarity is another indication that the
herbicide treatment has had no lasting effect on percent organic.

Table 12. Percent organic matter comparing spaced sprayed areas, by quadrat location, with
an unspaced naturally regenerated stand on the Lewis and Clark study site.
Q u a d ra t

Spaced

U n sp a ced

L o c a tio n

Snraved

R e g e n e r a te d

B o le

1 .4 6

1 .2 5

D r ip lin e

1 .1 9

1 .1 3

M id p o in t

1 .1 6

1 .2 7

Unsprayed Versus Sprayed by Spacing Interval. Percent organic matter was slightly
higher in the sprayed areas than in the unsprayed areas in the 1.8m and 3.6m tree spacing
interval stands (Table 13). In the 5.4m tree spacing interval stand, percent organic matter was
significantly higher in the unsprayed areas than in the sprayed areas o f the study plot,
suggesting that the herbicide treatment has had an effect on percent organic matter in the wide
tree spacing interval stands.
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Table 13. Percent organic matter comparing spaced unsprayed and sprayed areas, by tree
spacing interval, on the Lewis and Clark study site.
S p a c in g
In terv a l

Snaced
U n sn raved

Snraved

1 .8 m

1 .1 1

1 .1 4

3 .6 m

1 .3 7

1 ,4 0

5 .4 m

2 .0 0 a

1 .3 2 a

a-significant difference between Unsprayed & Sprayed

Sprayed Versus Unspaced Regeneration. In comparing the sprayed areas with the
unspaced naturally regenerated stand, percent organic matter at all three quadrat locations is
pooled in each o f the three tree spacing interval stands and in the unspaced naturally
regenerated stand. Percent organic matter was higher in the unspaced naturally regenerated
stand than in the sprayed areas in the 1.8m tree spacing interval stand (Table 14). The percent
organic matter in the 3.6m and 5.4m tree spacing interval stands was higher in the sprayed
areas than in the unspaced naturally regenerated stand. Since the differences between the two
stands were not statistically significant, it appears that the herbicide treatment has had no
effect on percent organic matter.

Table 14. Percent organic matter comparing spaced sprayed areas with an unspaced naturally
regenerated stand on the Lewis and Clark study site.
S p a c in g

Spaced

U n sp a ced

In te r v a l

S n raved

R e g e n e r a te d
1 .2 5

1 .8 m

1 .1 4

3 .6 m

1 .4 0

1 .2 0

5 .4 m

1 .3 2

1 .1 5
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Effects o f Tree Harvest on pH
Unsprayed Versus Mature. It was expected that pH levels in the mature stand would
be lower than pH levels in the various tree spacing interval stands, because needle and bark
litter in older stands has had time to decompose, creating a more acidic mineral soil. This was
the general trend on the Lewis and Clark study site (Table 15), although the differences were
expected to be larger.

Since none o f the differences were statistically significant, the

hypothesis is rejected.

Table 15. Measurements o f pH comparing spaced unsprayed areas with a mature stand on
the Lewis and Clark site.
S p a c in g

Spaced

In te r v a l

U n sn raved

M a tu r e

1 .8 m

4 .7

4 .7

3 .6 m

4 .8

4 .6

5 .4 m

4 .7

4 .6

Sprayed Versus M ature. It was expected that pH levels in the mature stand would
be lower than pH levels in the various tree spacing interval stands, because needle and bark
litter in older stands has had the time to decompose, creating a more acidic mineral soil. This
was the general trend on the Lewis and Clark study site (Table 16), although the differences

Table 16. Measurements o f pH comparing spaced sprayed areas with a mature stand on the
Lewis and Clark site.
S p a c in g

Spaced

In te r v a l

S nraved

M a tu r e

1 .8 m

4 .7

4 .7

3 .6 m

4 .7

4 .6

5 .4 m

4 .7

4 .6
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were expected to be larger. Since none o f the differences were statistically significant, the
hypothesis is rejected.

Effects o f Spacing Treatment on pH
Unsprayed Areas. The spatial distribution patterns o f pH values differed at each
quadrat location across tree spacing intervals. The high pH measurement near the bole
occurred in the 3.6m tree spacing interval stand, while the low pH measurement occurred in
both the 1.8m and 5.4m tree spacing interval stand (Table 17). At the dripline pH was highest
in both the 1.8m and 3.6m tree spacing interval stand. At the midpoint pH levels did not vary
across tree spacing interval stands. It was expected that pH would increase with increasing
tree spacing intervals. Since this was not the case and since the differences in pH across tree
spacing intervals were not statistically significant, pH was not affected by the density o f
lodgepole pine stands.

Table 17. Measurements o f pH in each tree spacing interval, by quadrat location, for
unsprayed areas on the Lewis and Clark study site.
Q u a d ra t

U n s n r a v e d S n a c in s In terv a l

L o c a tio n

1 .8 m

3 .6 m

B o le

4 .7

4 .8

4 .7

D r ip lin e

4 .7

4 .7

4 .6

M id p o in t

4 .8

4 .8

4 .8

5 .4 m

Sprayed Areas. It was expected that the lowest pH measurements would occur near
the bole in all three tree spacing interval stands. Higher pH measurements were expected in
wide tree spacing intervals, with the highest pH measurements occurring at the midpoint in
the 5.4m tree spacing interval stand. The results showed that the pH was highest at the

24
midpoint in the 5.4m tree spacing interval stand (Table 18), but generally pH levels varied
little in the sprayed areas. The most variation occurred at the midpoint, with the high pH
level in the 5.4m tree spacing interval, the low pH level in the 3.6m tree spacing interval
stand, and the intermediate level in the 1.8m tree spacing interval stand. Even this variation
was not substantial enough to be significantly different. Without statistically significant
differences, it appears that spacing interval has had no effect on pH.

Table 18. Measurements o f pH in each tree spacing interval, by quadrat location, for
sprayed areas on the Lewis and Clark study site.
S n r a v e d S n a c in s In te r v a l

Q u a d ra t
L o c a tio n

1 .8 m

B o le

4 .7

3 .6 m
4 .7

. 5 .4 m
4 .7

D r ip lin e

4 .7

4 .7

4 .7

M id p o in t

4 .7

4 .6

4 .8

Unsprayed Versus Unspaced Regeneration. Measurements o f pH in the unspaced
naturally regenerated stand were higher than pH measurements in the unsprayed areas in the
1.8m and 3.6m tree spacing interval stands (Table 19). The pH level in the unsprayed areas
o f the 5.4m tree spacing interval stand and the pH levels in the unspaced naturally regenerated
stand were the same.
It was expected that the pH in the unspaced naturally regenerated stand would be
more similar to the narrow tree spacing interval stands than to the wider tree spacing interval
stands, because trees in the 1.8m tree spacing interval stand and trees in the unspaced
naturally regenerated stand are spaced close together. Since the differences in pH levels
betw een the unspaced naturally regenerated stand and the unsprayed 3.6m and 5.4m tree
spacing interval stands were not statistically significant, the hypothesis was not supported.
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In fact, statistical analysis showed a significant difference between pH in the unspaced
naturally regenerated stand and pH in the unsprayed 1.8m tree spacing interval stand, which
also does not support the expected hypothesis. However, the data indicate that spacing
interval does affect pH.

Table 19. Measurements o f pH comparing spaced unsprayed areas with an unspaced
naturally regenerated stand on the Lewis and Clark site.
S p a c in g

Spaced

U n sp a ced

In te r v a l

U n sn raved

R e g e n e r a te d

1 .8 m

4 .7 b

4 .8 b

3 .6 m

4 .7

4 .8

5 .4 m

4 .8

4 .8

b-significant difference between Unsprayed & Unspaced Regenerated

Effects o f Distance from the Tree on pH
Unsprayed Areas. The spatial distribution patterns o f pH values differed along the
bole to midpoint transect in each o f the three tree spacing interval stands (Table 20). In the
1.8m tree spacing interval stand the high pH measurement occurred at the midpoint and the
low pH measurements occurred near the bole and at the dripline, indicating that radial pattern
may be present. In the 3.6m and 5.4m tree spacing interval stands, pH levels were highest
near the bole and at the midpoint and lowest at the dripline, indicating nonsequential radial
pattern. Since the differences in pH values between quadrats in all three tree spacing
interval stands were not statistically significant, the evidence for radial pattern is considered
weak. Also, this lack o f significant differences indicates that distance from the trunk o f the
tree has no effect on pH.
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Table 20. Measurements o f pH in each tree spacing interval along the bole to midpoint
transect for unsprayed areas on the Lewis and Clark study site.
Q u a d ra t

U n s n r a v e d S n a c in ff In terv a l

L o c a tio n

1 .8 m

3 .6 m

B o le

4 .7

4 .8

4 .7

D r ip lin e

4 .7

4 .7

4 .6

M id p o in t

4 .8

4 .8

4 .8

5 .4 m

Sprayed Areas. It was expected that the lowest pH measurements would occur near
the bole in all three tree spacing interval stands. Higher pH measurements were expected
farther from the bole of the tree, with the highest pH measurements occurring at the midpoint
in the 5.4m tree spacing interval stand. The results showed that the pH was highest at the
midpoint in the 5.4m tree spacing interval stand (Table 21), but generally pH levels varied
little in the sprayed areas. Neither sequential or nonsequential radial pattern is indicated in
the 1.8m tree spacing interval stand, since all pH values were 4.7. In the 3.6m and 5.4m tree
spacing interval stands, the distribution pattern may indicate radial pattern, but without
statistically significant differences in pH values between quadrats, the evidence must be
considered weak at best. In the sprayed areas o f the Targhee study site, pH levels varied little
within each tree spacing interval stand, indicating that distance from the trunk o f the tree has
no effect on pH.

Table 21. Measurements o f pH in each tree spacing interval by quadrat location along the
bole to midpoint transect for sprayed areas on the Lewis and Clark study site.
Q u a d ra t

S n r a v e d S n a c in e In te r v a l

L o c a tio n

1 .8 m

3 .6 m

5 .4 m

B o le

4 .7

4 .7

4 .7

D r ip lin e

4 .7

4 .7

4 .7

M id p o in t

4 .7

4 .6

4 .8
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Unsprayed Versus Unspaced Regeneration. Measurements o f pH in the unspaced
naturally regenerated stand were higher than pH values in the unsprayed areas at the dripline
(Table 22). At the midpoint levels o f pH in the unsprayed stand were the same as pH values
in the unspaced naturally regenerated stand. The measurements o f pH in the unspaced
naturally regenerated stand were higher at the midpoint and dripline than pH levels near the
bole, indicating possible radial pattern. Since the differences in pH values between quadrats
w ere not statistically significant, evidence for radial pattern in the unspaced naturally
regenerated stand is considered weak. The lack o f evidence and the pattern o f spatial
distribution could be caused by overlapping tree influence, because trees are spaced randomly
and are closer together in the unspaced naturally regenerated stand. Since the differences are
not statistically significant, the data indicates that distance from the bole o f the tree does not
effect pH.

Table 22. Measurements of pH comparing spaced unsprayed areas, by quadrat location, with
an unspaced naturally regenerated stand on the Lewis and Clark study site.
Q u a d ra t

Spaced

U n sp aced

L o c a tio n

U n sn raved

R e g e n e r a te d

B o le

4 .7

4 .7

D r ip lin e

4 .7

4 .8

M id p o in t

4 .8

4 .8

Effects o f Herbicide Treatment on pH
Unsprayed Versus Sprayed by Quadrat Location. Levels o f pH were higher in the
unsprayed areas than in the sprayed areas at the midpoint on the Lewis and Clark study site
(Table 23). No differences occurred in pH value between the unsprayed and sprayed areas
at the dripline and near the bole. Since the differences in pH levels between the unsprayed
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and sprayed areas were not statistically significant, the herbicide treatment has had no effect
on .pH.

Table 23 . Measurements o f pH comparing spaced unsprayed and sprayed areas, by quadrat
location, on the Lewis and Clark study site.
Q u a d ra t

Soaced

L o c a tio n

U n soraved

S oraved

B o le

4 .7

4 .7

D r ip lin e

4 .7

4 .7

M id p o in t

4 .8

4 .7

Sprayed Versus Unspaced Regeneration by Quadrat Location. Measurements o f pH
in the unspaced naturally regenerated stand were higher than pH values in the sprayed areas
at the dripline (Table 24). The levels o f pH in the unspaced naturally regenerated stand were
slightly higher than pH levels in the sprayed areas o f the study plot. Since the differences in
pH levels between the unspaced naturally regenerated stand and the sprayed areas were not
statistically significant, the herbicide treatment has had no lasting effect on pH.

Table 24. Measurements o f pH comparing spaced sprayed areas, by quadrat location, with
an unspaced naturally regenerated stand on the Lewis and Clark study site.
Q u a d ra t
L o c a tio n

v-

Spaced

U n sp a ced

S oraved

R e g e n e r a te d

B o le

4 .7

4 .7

D r ip lin e

4 .7

4 .8

M id p o in t

4 .7

4 .8

Unsprayed Versus Sprayed by Spacing Interval. Levels o f pH were higher in the
unsprayed areas than in the sprayed areas o f the 5.4m tree spacing interval stand (Table 25).
The pH levels were the same in the unsprayed and sprayed areas in both the 1.8m and 3.6m
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tree spacing interval stands.

Since the differences in pH levels between the unsprayed and

sprayed areas were not statistically significant, the herbicide treatment has had no effect on
pH.

Table 25. Measurements o f pH comparing spaced unsprayed and sprayed areas, by tree
spacing interval, on the Lewis and Clark site.
S p a c in g
In terv a l

Snaced
U n sn raved

Snraved

1 .8 m

4 .7

4 .7

3 .6 m

4 .7

4 .7

5 .4 m

4 .8

4 .7

Sprayed Versus Unspaced Regeneration. Measurements o f pH in the unspaced
naturally regenerated stand were higher than pH measurements in sprayed tree spacing
interval stands (Table 26). Since the differences in pH levels between the unspaced naturally
regenerated stand and the sprayed areas were not statistically significant, the herbicide
treatment has had no lasting effect on pH.

Table 26.

Measurements of pH comparing spaced sprayed areas with an unspaced
naturally regenerated stand on the Lewis and Clark site.
S p a c in g

Spaced

U n sp a ced

In terv a l

S nraved

R e g e n e r a te d

1 .8 m

4 .7 .

4 .8

3 .6 m

4 .7

4 .8

5 .4 m

4 .7

4 .8

Effects o f Tree Harvest on Nitrate-nitrogen
Unsprayed Versus Mature. Nitrate-nitrogen levels in the unsprayed areas o f the 3.6m
and 5.4m tree spacing interval stand were higher than the nitrate-nitrogen level in the mature
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stand (Table 27). Nitrate-nitrogen levels in the mature stand were higher than the nitratenitrogen levels in the unsprayed areas o f the 1.8m tree spacing interval stand. Since the
differences in nitrate-nitrogen between the unsprayed areas and the mature stand were not
statistically significant, the data indicates that the age o f the lodgepole pine stand has no effect
on nitrate-nitrogen.

Table 27. Nitrate-nitrogen levels (mg/kg) comparing spaced unsprayed areas with a mature
stand on the Lewis and Clark study site.
S p a c in g

Spaced

In te r v a l

U n sn raved

M a tu r e

1 .8 m

0 .2

0 .3

3 .6 m

0 .8

0 .3

5 .4 m

0 .7

0 .3

Sprayed Versus Mature. Nitrate-nitrogen levels in the sprayed areas o f the 3.6m and
5.4m tree spacing interval stand were higher than the nitrate-nitrogen level in the mature stand
(Table 28). The nitrate-nitrogen level in the mature stand was higher than the nitrate-nitrogen
level in the sprayed areas o f the 3.6m tree spacing interval stand. Since the differences in
nitrate-nitrogen between the sprayed areas and the mature stand were not statistically
significant, the data indicates that the tree harvest pine stand has no effect on nitrate-nitrogen.

Table 28. Nitrate-nitrogen levels (mg/kg) comparing spaced sprayed areas with a mature
stand on the Lewis and Clark study site.
S p a c in g
In te r v a l

.

Spaced
Snraved

M a tu r e

1 .8 m

0 .4

0 .3

3 .6 m

0 .2 •

0 .3

5 .4 m

0 .5

0 .3
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Effects o f Spacing Treatment on
Nitrate-nitrogen
Unspraved Areas. The level o f nitrate-nitrogen in the unsprayed areas o f the Lewis
and Clark study plot was lowest in the 1.8m tree spacing interval stand at all three quadrat
locations (Table 29). High nitrate-nitrogen levels near the bole and at the dripline occurred
in the 3.6m tree spacing interval stand. At the midpoint, levels o f nitrate-nitrogen increased
with increasing tree spacing interval. Near the bole the differences in nitrate-nitrogen levels
betw een the 3.6m and 5.4m tree spacing interval stands were statistically significant,
suggesting that the spacing o f lddgepole pine does affect nitrate-nitrogen at locations close
to the trunk o f the tree.

Table 29. Nitrate-nitrogen levels (mg/kg) in each tree spacing interval, by quadrat location,
for unsprayed areas on the Lewis and Clark study site.
Q u a d ra t
L o c a tio n
B o le
D r ip lin e
M id p o in t

U n s n r a v e d S n a c in u In terv a l
1 .8 m
0 .2 d

3 .6 m

5 .4 m

1 .2 d

0 .5

• 0 .2

0 .8

0 .7

0 .3

0 .4

0 .9

d-significant difference between 1.8m & 3.6m

Sprayed Areas. Near the bole nitrate-nitrogen levels were the same in all three tree
spacing intervals (Table 30). Nitrate-nitrogen levels at the dripline were highest in the 1.8m
tree spacing interval stand and lowest in the 3.6m tree spacing interval stand. At the
midpoint, levels o f nitrate-nitrogen were highest in the 5.4m tree spacing interval stand and
low est in the 3.6m tree spacing interval stand. The significant differences occurring here
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suggest that in areas treated with herbicides, the spacing interval o f the lodgepole pine does
affect nitrate-nitrogen at locations away from the bole o f the tree.

Table 30. Nitrate-nitrogen levels (mg/kg) in each tree spacing interval, by quadrat location,
for sprayed areas on the Lewis and Clark study site.
Q u a d ra t
L o c a tio n

S n r a v e d S p a c in g In terv a l
1 .8 m

3 .6 m

5 .4 m

B o le

0 .2

0 .2

0 .2

D r ip lin e

0 .5

0 .2

0 .4

M id p o in t

0 .3

0 .2 e

I . Oe

e-significant difference between 3.6m & 5.4m

Unsprayed Versus Unspaced Regeneration.

The nitrate-nitrogen levels in the

unspaced naturally regenerated stand were higher than the nitrate-nitrogen levels in the
unsprayed areas in the 1.8m and 5.4m tree spacing interval stands (Table 31). Nitratenitrogen levels in the unsprayed areas of the 3.6m tree spacing interval stand were higher than
the nitrate-nitrogen level in the unspaced naturally regenerated stand. Since the differences
in nitrate-nitrogen levels between the spaced stands and the unspaced naturally regenerated
stand are not statistically significant, it appears that spacing interval does not affect nitratenitrogen.

Table 31.

Nitrate-nitrogen levels (mg/kg) comparing spaced unsprayed areas with an
unspaced naturally regenerated stand on the Lewis and Clark study site.
S p a c in g

Spaced

In te r v a l_______________________________ U n s p r a v e d

U n sp aced
____________________R e g e n e r a te d

1 .8 m

0 .2

0 .7

3 .6 m

0.8
0.6

0.6
0.8

5 .4 m
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Effects o f Distance from the Tree on Nitrate-nitrogen
Unsprayed Areas. The spatial distribution patterns o f nitrate-nitrogen levels were
different along the bole to midpoint transect in each o f the three tree spacing interval stands
(Table 32). In the 1.8m tree spacing interval stand, nitrate-nitrogen levels were highest at the
midpoint, and lowest near the bole and at the dripline. Nitrate-nitrogen levels decreased along
the bole to midpoint transect in the 3.6m tree spacing interval stand, while increasing as
distance from the bole of the tree increased in the 5.4m tree spacing interval stand. Evidence
for sequential radial pattern in all three tree spacing interval stands is considered weak,
because statistically significant differences in nitrate-nitrogen did not occur between quadrats.
Since the differences in nitrate-nitrogen levels between tree spacing interval stands were not
statistically significant at any o f the three quadrat locations, the data indicates that distance
from the tree has no effect on nitrate-nitrogen.

Table 32. Nitrate-nitrogen levels (mg/kg) in each tree spacing interval along the bole to
midpoint transect for unsprayed areas on the Lewis and Clark study site.
Q u a d ra t

U n s tir a v e d S c a c in u In te r v a l
3 .6 m

5 .4 m

B o le

0 .2

1 .2

0 .5

D r ip lin e

0 .2

0 .8

0 .7

M id p o in t

0 .3

0 .4

0 .9

■L o c a tio n

1 .8 m

Sprayed Areas. The spatial distribution patterns o f nitrate-nitrogen levels were
different along the bole to midpoint transect in each o f the three tree spacing interval stands
(Table 33). In the 1.8m tree spacing interval stand, nitrate-nitrogen levels were highest at the
dripline and lowest near the bole. Nonsequential radial pattern may be present, but without
statistically significant differences, the evidence is considered weak. In the 3.6m tree spacing
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interval stand the nitrate-nitrogen levels were the same regardless o f quadrat location,
indicating the absence o f evidence for radial pattern. The nitrate-nitrogen level increased
along the bole to midpoint transect in the 5.4m tree spacing interval stand. Here, evidence
for sequential radial pattern is also considered weak, since differences in nitrate-nitrogen
between quadrats were not statistically significant. Since the differences in nitrate-nitrogen
are not statistically significant, the data indicates that the distance from the trunk o f the tree
has no effect on nitrate-nitrogen.

Table 33. Nitrate-nitrogen levels (mg/kg) in each tree spacing interval along the bole to
midpoint transect for sprayed areas on the Lewis and Clark study site.
Q u a d ra t
L o c a tio n

S n r a v e d S n a c in g In terv a l
1 .8 m

3 .6 m

5 .4 m

B o le

0 .2

0 .2

0 .2

D r ip lin e

0 .5

0 .2

0 .4

M id p o in t

0 .3

0 .2

1 .0

'

Unsprayed Versus Unspaced Regeneration.

The nitrate-nitrogen level in the

unsprayed areas were the same at all three quadrat locations (Table 34). In the unspaced
naturally regenerated stand, nitrate-nitrogen levels were highest at the dripline and lowest near
the bole, indicating the presence o f nonsequential radial pattern. Evidence for radial pattern
in the unspaced naturally regenerated stand is considered weak, since differences in nitratenitrogen levels between quadrat locations is not statistically significant. Since the differences
in nitrate-nitrogen between quadrats in both stands are not statistically significant, the distance
from the trunk o f the tree does not affect nitrate-nitrogen levels.
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Table 34. Nitrate-nitrogen levels (mg/kg) comparing spaced unsprayed areas, by quadrat
location, with an unspaced naturally regenerated stand on the Lewis and Clark
study site.
Q u a d ra t

Spaced

U n sp a ced

L o c a tio n

U n sn raved

R e g e n e r a te d

B o le

0 .6

0 .6

D r ip lin e

0 .6

0 .8

M id p o in t

0 .6

0 .7

Effects o f Herbicide Treatment on
Nitrate-nitrogen
Unsprayed Versus Sprayed by Quadrat Location. Levels o f nitrate-nitrogen in the
unsprayed areas of the study plot were higher than nitrate-nitrogen levels in the sprayed areas
at all three quadrat locations (Table 35). Since the differences in nitrate-nitrogen levels
between the unsprayed and sprayed areas is not statistically significant, the data indicates that
the herbicide treatment has not affected nitrate-nitrogen levels.

Table 35. Nitrate-nitrogen levels (mg/kg) comparing spaced unsprayed and sprayed areas on
the Lewis and Clark study site.
Q u a d ra t
L o c a tio n

S n aced
U n sn raved

Snraved

B o le

0 .6

0 .2

D r ip lin e

0 .6

0 .4

M id p o in t

0 .6

0 .5

Sprayed Versus Unspaced Regeneration by Quadrat Location. The nitrate-nitrogen
levels in the unspaced naturally regenerated stand was higher than the nitrate-nitrogen levels
at all three quadrat locations in the sprayed areas o f the Lewis and Clark study site (Table 36).
The differences in nitrate-nitrogen levels between the unspaced naturally regenerated stand
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and the sprayed areas were not statistically significant indicating that the herbicide treatment
has had no lasting effect on nitrate-nitrogen.

Table 36. Nitrate-nitrogen levels (mg/kg) comparing spaced sprayed areas, by quadrat
location, with an unspaced naturally regenerated stand on the Lewis and Clark
study site.
Q u a d ra t

Spaced

U n sp a ced

L o c a tio n

Snraved

R e g e n e r a te d

B o le

0 .2

0 .6

D r ip lin e

0 .4

0 .8

M id p o in t

0 .5

0 .7

Unsprayed Versus Sprayed by Spacing Interval. Nitrate-nitrogen levels were higher
in the sprayed areas than in the unsprayed areas o f the 1.8m tree spacing interval stand (Table
37). In the 3.6m and 5.4m tree spacing interval stands, the nitrate-nitrogen levels in the
unsprayed areas were higher than the nitrate-nitrogen levels in the sprayed areas o f the Lewis
and Clark study site. Since the differences in nitrate-nitrogen levels between the unsprayed
and sprayed areas is not statistically significant, the data indicates that the herbicide treatment
has not affected nitrate-nitrogen levels.

Table 37. Nitrate-nitrogen levels (mg/kg) comparing spaced unsprayed and sprayed areas,
by tree spacing interval, on the Lewis and Clark study site.
S n aced

S p a c in g
In terv a l

U n sn raved

S n raved

1 .8 m

0 .2

0 .4

3 .6 m

0 .8

0 .2

5 .4 m

0 .6

0 .5

Sprayed Versus Unspaced Regeneration. The nitrate-nitrogen levels in the unspaced
naturally regenerated stand were higher than the nitrate-nitrogen levels in all three tree
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spacing interval stands (Table 3 8).The differences in nitrate-nitrogen levels between the
unspaced naturally regenerated stand and the sprayed areas were not statistically significant
indicating that the herbicide treatment has had no lasting effect on nitrate-nitrogen.

Table 38. Nitrate-nitrogen levels (mg/kg) comparing spaced sprayed areas with an unspaced
naturally regenerated stand on the Lewis and Clark study site.
S p a c in g

Spaced

U n sp aced

In te r v a l

S oraved

R e g e n e r a te d

1 .8 m

0 .4

0 .7

3 .6 m

0 .2

0 .6

5 .4 m

0 .5

0 .8

Effects o f Tree Harvest on Phosphorus
Unsprayed Versus M ature. It was expected that phosphorus levels would be higher
in the mature stand than in the spaced stands, because litter in the mature stand would
decompose and mineralize, and phosphorus levels would accumulate over time since it is not
very mobile. The phosphorus levels in the mature stand were higher than the phosphorus
levels in the unsprayed and areas o f all three tree spacing interval stands (Table 39). The
trend is for higher phosphorus levels in the mature stand, but the differences between the
mature stand and the three spaced unsprayed stands were not statistically significant,
suggesting that harvesting the timber did not effect phosphorus levels in the soil.

Table 39. Phosphorus levels (mg/kg) comparing spaced unsprayed areas with a mature stand
on the Lewis and Clark site.
S p a c in g

• Spaced

In te r v a l

U n soraved

M a tu r e

1 .8 m

3 3 .2

4 2 .7

3 .6 m

3 5 .8

4 4 .1

5 .4 m

4 2 .7

4 4 .5
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Sprayed Versus M ature. It was expected that phosphorus levels would be higher in
the mature stand than in the spaced stands, because litter in the mature stand would
decompose and mineralize, and phosphorus levels would accumulate over time since it is not
very mobile. The phosphorus levels in the mature stand were higher than the phosphorus
levels in the sprayed areas of all three tree spacing interval stands (Table 40). The differences
betw een the mature stand and the sprayed 3.6m tree spacing interval stand were small.
Therefore, the hypothesis is not supported. However, appreciable differences occurred
between the mature stand and the sprayed 1.8m and 5.4m tree spacing interval stands,
supporting the hypothesis. The significant differences, here, suggest that time may affect
phosphorus levels, although in this case the herbicide treatment may have been the major
reason for the differences..

Table 40. Phosphorus levels (mg/kg) comparing spaced sprayed areas with a mature stand
on the Lewis and Clark site.

.

S p a c in g

Spaced

In te r v a l

Snraved

M a tu re

1 .8 m

2 8 .5 d

4 2 .7 d

3 .6 m

4 3 .7

4 4 .1

5 .4 m

2 9 .6 d

4 4 .5 d

•

d-significant difference between Sprayed & Mature

Effects o f Spacing Treatment on Phosphorus
Unsprayed Areas. Phosphorus levels in the unsprayed areas o f the Lewis and Clark
study site increased as tree spacing intervals increased at the dripline and at the midpoint
(Table 41). N ear the bole, as at the dripline and midpoint, the lowest phosphorus levels
occurred in the 1.8m tree spacing interval stand, but unlike quadrat locations at the dripline

39
and at the midpoint, the high phosphorus level near the bole was found in the 3.6m tree
spacing interval stand. The statistically significant difference in phosphorus levels between
the 1.8m and 5.4m tree spacing interval stands at the dripline, suggest that spacing interval
o f lodgepole pine stands does have some effect on phosphorus levels.

Table 41. Phosphorus levels (mg/kg) in each tree spacing interval, by quadrat location, for
unsprayed on the Lewis and Clark study site.
Q u a d ra t
L o c a tio n

U n s n r a v e d S n a c in s In terv a l
1 .8 m

3 .6 m

5 .4 m

B o le

3 5 .0

4 0 .5

3 9 .9

D r ip lin e

3 1 .O f

3 3 .9

4 4 .2 f

M id p o in t

3 1 .6

3 2 .8

4 4 .2

f-significant difference between 1.8m & 5.4m

Sprayed Areas. Phosphorus levels in the sprayed areas o f the study plot were highest
in the 3.6m tree spacing interval stand at all three quadrat locations (Table 42). Near the bole
and at the midpoint, the lowest phosphorus levels occurred in the 1.8m tree spacing interval
stand. At the dripline the lowest phosphorus level occurred in the 5.4m tree spacing interval

Table 42. Phosphorus levels (mg/kg) in each tree spacing interval, by quadrat location, for
sprayed areas on the Lewis and Clark study site.
Q u a d ra t
L o c a tio n

______________ S p r a y e d S p a c in g In te r v a l
1 .8 m

3 .6 m

B o le

2 9 .7 d

4 6 .2 d

3 4 .5

D r ip lin e

2 8 .6

3 3 .6

2 4 .9

M id p o in t

2 7 .6 d

5 1 .4 d e

2 9 .8 e

d - s ig n ific a n t d iffe re n c e b e tw e e n 1 .8 m & 3 .6 m

5 .4 m

e -s ig n ific a n t d iff e r e n c e b e tw e e n 3 .6 m Sc 5 .4 m
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stand. With statistically significant differences in phosphorus levels between tree spacing
interval stands near the bole and at the midpoint, the evidence exists that the density o f
lodgepole pine stands does affect phosphorus levels.
Unsprayed Versus Unspaced Regeneration. The phosphorus levels in the unspaced
naturally regenerated stand were higher than the phosphorus levels in the unsprayed areas o f
the 1.8m and 3.6m tree spacing interval stands (Table 43).

Phosphorus levels in the

unsprayed areas o f the 5.4m tree spacing interval stand were higher than the phosphorus
levels in the unspaced naturally regenerated stand. Since the differences in phosphorus levels
between the spaced stands and the unspaced naturally regenerated stand were not statistically
significant, the data indicates that the density o f lodgepole pine stands has no effect on
phosphorus levels.

Table 43. Phosphorus levels (mg/kg) comparing spaced unsprayed areas with an unspaced
naturally regenerated stand on the Lewis and Clark site.
S p a c in g

Spaced

U n sp aced

In te r v a l

U n sp raved

R e g e n e r a te d

1 .8 m

3 1 .9

3 8 .2

3 .6 m

3 5 .8

3 7 .4

5 .4 m

4 2 .7

3 7 .8

Effects o f Distance from the Tree on Phosphorus
Unsprayed Areas. The spatial distribution pattern o f phosphorus levels was different
in each o f the three tree spacing interval stands (Table 44). In the 1.8m tree spacing interval
stand the high phosphorus level occurred near the bole, while the lowest level occurred at the
dripline, indicating the presence o f nonsequential radial pattern. In the 3.6m tree spacing
interval stand, the high phosphorus level also occurred near the bole, but from there,
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phosphorus levels decreased as distance from the bole o f the tree increased, indicating the
presence o f sequential radial pattern. Phosphorus levels were highest at both the dripline and
midpoint in the 5.4m tree spacing interval stand, indicating sequential radial pattern. Evidence
for radial pattern in all three tree spacing interval stands is considered weak since the
differences in phosphorus levels between quadrats were not statistically significant. Since
significant differences did not occur, the data suggests that distance from the trunk o f the tree
has no effect on phosphorus levels.

Table 44. Phosphorus levels (mg/kg) in each tree spacing interval along the bole to midpoint
transect for unsprayed areas on the Lewis and Clark study site.
Q u a d ra t

U n s n r a v e d S n a c in e In terv a l

L o c a tio n

1 .8 m

3 .6 m

B o le

3 5 .0

4 0 .5

5 .4 m
3 9 .9

D r ip lin e

3 1 .0

3 3 .9

4 4 .2

M id p o in t

3 1 .6

3 2 .8

4 4 .2

Sprayed Areas. The spatial distribution pattern o f phosphorus levels was different in
each o f the three tree spacing interval stands (Table 45). In the 1.8m tree spacing interval
stand, phosphorus levels decreased along the bole to midpoint transect indicating sequential
radial pattern. The evidence for radial pattern is considered weak, since the differences in
phosphorus levels between quadrats were not statistically significant. In the 5.4m tree spacing
interval stand, the high Ifevel of phosphorus occurs near the bole, but the low phosphorus level
occurs at the dripline, and since no significant differences were indicated, evidence for
nonsequential radial pattern is considered weak. The highest phosphorus levels occurred at
the midpoint, while the lowest occurred at the dripline in the 3.6m tree spacing interval stand,
indicating the presence of nonsequential radial pattern. The evidence for nonsequential radial
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pattern is strong, since differences in phosphorus levels between quadrats is statistically
significant. The significant differences, here, in the 3.6m tree spacing interval stand suggest
that distance from the trunk o f the tree does have an affect on phosphorus levels.

Table 45. Phosphorus levels (mg/kg) in each tree spacing interval along the bole to midpoint
transect for sprayed areas on the Lewis and Clark study site.
Q u a d ra t
L o c a tio n

S n r a v e d S n a c in g In terval
1 .8 m

3 .6 m

5 .4 m

B o le

2 9 .7

4 6 .2 a

3 4 .5

D r ip lin e

28.6

3 3 .6 a b

2 4 .9

M id p o in t

2 7 .6

5 1 .4 b

2 9 .8

a-significant difference between Bole & Dripline

b-significant difference between Dripline & Midpoint

Unsprayed Versus Unspaced Regeneration. Phosphorus levels near the bole and at
the midpoint were higher in the unspaced naturally regenerated stand than in the unsprayed
areas o f the study plot (Table 46). At the dripline, the phosphorus levels in the unsprayed
areas were higher than the phosphorus levels in the unspaced naturally regenerated stand.
Since the differences in phosphorus levels between the spaced stands and the unspaced
naturally regenerated stand were not statistically significant, the data indicates that the density
o f lodgepole pine stands has no effect on phosphorus levels.

Table 46. Phosphorus levels (mg/kg) comparing spaced unsprayed areas with an unspaced
naturally regenerated stand on the Lewis and Clark study site.
Q u a d ra t

Spaced

U n sp aced

L o c a tio n

U n sn raved

R e g e n e r a te d

38.8

B o le

3 8 .4

D r ip lin e

3 6 .4

3 1 .8

M id p o in t

3 6 .5

4 2 .7
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Effects o f Herbicide Treatment on Phosphorus
Unsprayed Versus Sprayed by Quadrat Location. Phosphorus levels were higher in
the unsprayed areas o f the study plot than in the sprayed areas at all three quadrat locations
(Table 47). Since the differences in phosphorus levels between the two stands were not
statistically significant, the data indicates that the herbicide treatment has had no effect on
phosphorus levels.

Table 47. Phosphorus levels (mg/kg) comparing spaced unsprayed and sprayed areas, by
quadrat location, on the Lewis and Clark study site.
Q u a d ra t
L o c a tio n

Snaced
U n sn raved

Snraved

B o le

3 8 .4

3 6 .8

D r ip lin e

3 6 .4

2 9 .0

M id p o in t

3 6 .5

3 6 .3

.

Sprayed Versus Unspaced Regeneration by Quadrat Location. The phosphorus levels
in the unspaced naturally regenerated stand were higher than the levels o f phosphorus at all
three quadrat locations in the sprayed areas o f the Lewis and Clark study site (Table 48).
Since the differences in phosphorus levels between the two stands were not statistically
significant, the data indicates that the herbicide treatment has had no effect on phosphorus
levels.

Table 48. Phosphorus levels (mg/kg) comparing spaced sprayed areas, by quadrat location,
with an unspaced naturally regenerated stand on the Lewis and Clark study site.
Q uadrat

S paced

U n sp a ced

L o c a tio n ________________________________ S p r a y e d ________ :______________________ R e g e n e r a te d
B o le

3 6 .8

D r ip lin e

2 9 .0

M id p o in t

3 6 .3

3 8 .8
3 1 .8
‘

4 2 .7
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Unsprayed Versus Sprayed by Spacing Interval. Phosphorus levels in the unsprayed
areas were higher than phosphorus levels in the sprayed areas o f both the 1.8m and 5.4m tree
spacing interval stands (Table 49). The statistically significant difference in phosphorus levels
between the unsprayed and sprayed areas in the 5.4m tree spacing interval stand suggests that
the herbicide treatment has had an effect in the wide tree spacing interval stands. In the 3.6m
tree spacing interval stand,,however, the levels o f phosphorus in the sprayed areas were
higher than the phosphorus levels in the unsprayed areas o f the study plot.

Table 49. Phosphorus levels (mg/kg) comparing spaced unsprayed and sprayed areas, by tree
spacing interval, on the Lewis and Clark site.
S p a c in g
In te r v a l

Snaced
U n sn raved

Snraved

1 .8 m

3 1 .9

2 8 .9

3 .6 m

3 5 .8

4 3 .9

5 .4 m

4 2 .7 a

2 9 .7 a

a-significant difference between Unsprayed & Sprayed

Sprayed Versus Unspaced Regeneration. Phosphorus levels in the sprayed areas o f
the 3.6m tree spacing interval stand were higher than the phosphorus levels in the unspaced
naturally regenerated stand. The phosphorus levels in the unspaced naturally regenerated
stand (Table 50) were higher than the phosphorus levels in the unsprayed areas o f the 1.8m
tree spacing interval stand. The statistically significant differences in phosphorus levels
between the unspaced naturally regenerated stand and the sprayed 1.8m tree spacing interval'
stand suggest that herbicide treatment has had an effect.
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Table 50. Phosphorus levels (mg/kg) comparing spaced sprayed areas with an unspaced
naturally regenerated stand on the Lewis and Clark site.
S p a c in g

S paced

U n sp a ced

In te r v a l

Snraved

R e g e n e r a te d

1 .8 m

2 8 .9 c

3 8 .2 c

3 .6 m

4 3 .9

3 7 .4

5 .4 m

2 9 .7

3 7 .8

c-significant difference between Sprayed & Unspaced Regenerated

Effects o f Tree Harvest on Potassium
Unsprayed Versus Mature. The potassium levels in the mature stand were higher than
the potassium levels in the unsprayed areas o f all three tree spacing interval stands (Table 5 1).
Since statistically significant differences occurred between the mature stand and the unsprayed
1.8m tree spacing interval stand, the data suggests that harvesting timber does affect
potassium levels. However, some other factor may cause the low potassium level in the
unsprayed 1.8m tree spacing interval stand, because differences between the mature stand and
the unsprayed 3.6m tree spacing interval stands are small.

Table 51. Potassium levels (mg/kg) comparing spaced unsprayed areas with a mature stand
on the Lewis and Clark site.
S p a c in g

Spaced

In te r v a l

U n sn raved

M a tu r e

1 .8 m

9 1 .2 c

155c

3 .6 m

.1 3 7

148

5 .4 m

142

144

c -s ig n ific a n t d iffe re n c e b e tw e e n U n s p r a y e d & M a tu re

Sprayed Versus M ature. The potassium levels in the mature stand were higher than
the potassium levels in the sprayed areas o f all three tree spacing interval stands (Table 52).
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Since statistically significant differences occurred between the mature stand and the sprayed
1.8m and 5.4m tree spacing interval stands, the data suggests that tree harvest may have an
effect on potassium levels in the soil.

Table 52. Potassium levels (mg/kg) comparing spaced sprayed areas with a mature stand on
the Lewis and Clark site.
S p a c in g

Spaced

In te r v a l

Snraved

M a tu r e

1 .8 m

Illd

155d

3 .6 m

144

148

5 .4 m

114d

144d

d-significant difference between Sprayed & Mature

Effects o f Spacing Treatment on Potassium
Unsprayed Areas. In the unsprayed areas o f the Lewis and Clark study site, potassium
levels increased with increasing tree spacing intervals at the dripline and at the midpoint
(Table 53). N ear the bole, the lowest potassium level was found in the 1.8m tree spacing
interval stand, while the highest potassium level occurred in the 3.6m tree spacing interval

Table 53. Potassium levels (mg/kg) in each tree spacing interval, by quadrat location, for
unsprayed areas on the Lewis and Clark study site.
Q uadrat

_____________ U n s p r a v e d S p a c in g In te r v a l

L o c a tio n

1 .8 m

3 .6 m

5 .4 m

B o le

96d

160d

129

D r ip lin e

97f

117

147f

M id p o in t

9 2 fd

140d

151f

d - s ig n ific a n t d iffe re n c e b e tw e e n 1 .8 m & 3 .6 m

f- s ig n if ic a n t d iff e r e n c e b e tw e e n 1 .8 m & 5 .4 m
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stand. Potassium levels seem to be effected by tree spacing treatments, since statistically
significant differences occurred between the 1.8m tree spacing interval stand and a wider
stand at every quadrat location.
Sprayed Areas. The highest potassium levels in the sprayed areas occurred in the
3.6m tree spacing interval stand at all three quadrat locations (Table 54). N ear the bole, the
lowest potassium level was in the 1.8m tree spacing interval stand, while the lowest potassium
levels at the dripline and midpoint occurred in the 5.4m tree spacing interval stand. The lack
o f statistically significant differences suggest that spacing treatment has had no affect on
potassium levels.

Table 54. Potassium levels (mg/kg) in each tree spacing interval, by quadrat location, for
sprayed areas on the Lewis and Clark study site.
Q u a d ra t

S n r a v e d S n a c in a In te r v a l

L o c a tio n

1 .8 m

3 .6 m

B o le

113

173

143

D r ip lin e

118

127

107

99

128

91

M id p o in t

5 .4 m

Unsprayed Versus Unspaced Regeneration. The potassium level in the unspaced
naturally regenerated stand was higher than potassium levels in the unsprayed areas o f the
1.8m tree spacing interval stand (Table 55). Potassium levels in the unsprayed areas o f the
3.6m and 5.4m tree spacing interval stands were higher than potassium levels in the unspaced
naturally regenerated stand. Since the differences in potassium levels between the two stands
were statistically significant, the data suggest that the density o f the lodgepole pine stand does
affect potassium levels.
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Table 55. Potassium levels (mg/kg) comparing spaced unsprayed areas with an unspaced
naturally regenerated stand on the Lewis and Clark site.
S p a c in g

Spaced

U n sp a ced

In te r v a l

U n sn raved

R e g e n e r a te d

1 .8 m

9 3 .6 b

3 .6 m

139

115

5 .4 m

143b

116b

120b

b-significant difference between Unsprayed & Unspaced Regenerated

Effects o f Distance from the Tree on Potassium
Unsprayed Areas. The spatial distribution pattern was different along the bole to
midpoint transect in each o f the three tree spacing interval stands (Table 56). Potassium
levels increased as distance from the bole o f the tree increased in the 5.4m tree spacing
interval stand, indicating the presence o f sequential radial pattern. The evidence for radial
pattern is considered weak, since the differences in potassium levels between quadrat
locations were not statistically significant. In the 3.6m tree spacing interval stand, the highest
potassium level occurred near the bole and the lowest potassium level was at the dripline.
Evidence for nonsequential radial pattern exists since the potassium levels near the bole and
at the midpoint were both significantly higher than the potassium level at the dripline.
Potassium levels in the 1.8m tree spacing interval stand were lowest at the midpoint and
highest at the dripline, also indicating nonsequential radial pattern. The evidence for radial
pattern is weak, since statistically significant differences between quadrats are not expressed.
Since the difference in potassium levels between quadrats near the bole and at the dripline in
the 3.6m tree spacing interval stand were statistically significant, there may be some effect of
distance from the tree on potassium levels.
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Table 56. Potassium levels (mg/kg) in each tree spacing interval along the bole to midpoint
transect for unsprayed areas on the Lewis and Clark study site.
Q u a d ra t

_____________U n s p r a v e d S p a c in g In te r v a l

L o c a tio n

1 .8 m

3 .6 m

5 .4 m

B o le

96

160a

129

D r ip lin e

97

117a

M id p o in t

92

140

■

147
151

a-significant difference between Bole & Dripline

Sprayed Areas. The spatial distribution pattern was different along the bole to
midpoint transect in each o f the three tree spacing interval stands (Table 57). Potassium
levels decreased as distance from the bole o f the tree increased in the 5.4m tree spacing
interval stand, indicating the presence o f sequential radial pattern. Evidence for radial pattern
is considered strong since the differences between the potassium level near the bole and the
potassium levels at the dripline and at the midpoint were statistically significant. In the 3.6m
tree spacing interval stand the potassium level near the bole was higher than the potassium
levels at the dripline and the midpoint, indicating the presence o f nonsequential radial pattern.
Evidence is considered strong since statistically significant differences occurred between
quadrats. The potassium levels were lowest at the midpoint and highest at the dripline in the
1.8m tree spacing interval stand, indicating the presence o f nonsequential radial pattern. The
evidence is considered weak, since differences in potassium levels between quadrats were not
statistically significant. The statistically significant differences in the 3.6m and 5.4m tree
spacing interval stands suggest that distance from the tree has had an effect on potassium
levels.
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Table 57. Potassium levels (mg/kg) in each tree spacing interval along the bole to midpoint
transect for unsprayed areas on the Lewis and Clark study site.
Q uadrat

________________S o r a v e d S p a c in g In te r v a l

L o c a tio n

1 .8 m

3 .6 m

5 .4 m

B o le

113

173ac

143ac

D r ip lin e

118

127a

107a

99

128c

91c

M id p o in t

a-significant difference between Bole & Dripline

c-significant difference between Bole & Midpoint

Unsprayed Versus Unspaced Regeneration. The potassium levels in the unsprayed
areas o f the Lewis and Clark study site were higher than the potassium levels in the unspaced
naturally regenerated stand at all three quadrat locations (Table 58). Since the differences in
potassium levels were not statistically significant, the data indicates that the distance from the
trunk o f the tree does not affect potassium levels.

Table 58. Potassium levels (mg/kg) comparing spaced unsprayed areas, by quadrat location,
with an unspaced naturally regenerated stand on the Lewis and Clark study site.
Q u a d ra t

Spaced

U n sp aced

L o c a tio n

U n so ra v ed

R e e e n e r a te c

B o le

128

115

D r ip lin e

120

116

M id p o in t

129

127

Effects o f Herbicide Treatment on Potassium
Unsprayed Versus Sprayed by Quadrat Location. Potassium levels near the bole were
higher in the sprayed areas o f the study plot than potassium levels in the unsprayed areas
(Table 59). At the dripline and at the midpoint, the potassium levels were higher in the
unsprayed areas than in the sprayed areas. Since the differences in potassium levels between
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the unsprayed and sprayed areas were not statistically significant, the data indicates that the
herbicide treatment has had no effect on potassium levels.

Table 59. Potassium levels (mg/kg) comparing spaced unsprayed and sprayed areas, by
quadrat location, on the Lewis and Clark study site.
Q uadrat
L o c a tio n

Snaced
U n sn raved

Snraved

B o le

128

143

D r ip lin e

120

117

M id p o in t

129

106

Sprayed Versus Unspaced Regeneration by Quadrat Location. Potassium levels near
the bole and at the dripline were higher in the sprayed areas than in the unspaced naturally
regenerated stand (Table 60). At the midpoint, however, the potassium levels in the unspaced
naturally regenerated stand were higher than potassium levels in the sprayed areas. Since the
differences in potassium levels between the unsprayed and sprayed areas were not statistically
significant, the data indicates that the herbicide treatment has had no effect on potassium
levels.

Table 60. Potassium levels (mg/kg) comparing spaced sprayed areas, by quadrat location,
with an unspaced naturally regenerated stand on the Lewis and Clark study site.
Q u a d ra t

Spaced

U n sp a ced

L o c a tio n

Snraved

R e g e n e r a te d

B o le

143

115

D r ip lin e

117

116

M id p o in t

106

127

Unsprayed Versus Sprayed by Spacing Interval. Potassium levels in the 1.8m and
3.6m tree spacing interval stands were higher in the sprayed areas than in the unsprayed areas
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(Table 61). In the 5.4m tree spacing interval stand, potassium levels were higher in the
unsprayed areas than potassium levels in the sprayed areas o f the study plot. The differences
in potassium levels between the unsprayed and sprayed 5.4m tree spacing interval stands were
statistically significant. This suggests that the herbicide treatment has had an effect on
potassium levels in wide tree spacing interval stands.

Table 61. Potassium levels (mg/kg) comparing spaced unsprayed and sprayed areas, by tree
spacing interval, on the Lewis and Clark site.
S p a c in g
In te r v a l

Soaced
U n soraved

Soraved

1 .8 m

9 3 .6

11 1

3 .6 m

139

145

5 .4 m

143a

115a

a-significant difference between Unsprayed & Sprayed

Sprayed Versus Unspaced Regeneration. The potassium level in the unspaced
naturally regenerated stand was higher than potassium levels in both the unsprayed and
sprayed areas of the 1.8m and 5.4m tree spacing interval stands (Table 62). Potassium levels
in the sprayed areas o f the 3.6m tree spacing interval stand were higher than potassium levels

Table 62. Potassium levels (mg/kg) comparing spaced sprayed areas with an unspaced
naturally regenerated stand on the Lewis and Clark site.
S p a c in g

Spaced

In terv a l

S oraved

U n sp aced
R e g e n e r a te d

1 .8 m

111

120

3 .6 m

145

115

5 .4 m

115

116
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in the unspaced naturally regenerated stand. Since the differences in potassium levels between
the two stands were not statistically significant, the data indicates that the herbicide treatment
has had no effect on potassium levels.

Targhee Site

Plot-wide Overview
Effects o f Herbicide Treatment on Soil Characteristics. M ost o f the soil parameter
measurements were higher in the unsprayed areas o f the Targhee study site than in the
sprayed areas (Table 63). Nitrate-nitrogen and pH are two exceptions, where levels were
higher in the sprayed areas than in the unsprayed areas. Since several o f the differences in soil
parameter levels, between the unsprayed and sprayed areas, are statistically significant, the
data suggest that there has been an influence on soil characteristics resulting from the
herbicide treatment.

Table 63. Measurements o f soil parameters in the unsprayed and sprayed areas on the
Targhee study site.
S o il

R e g e n e r a te d S ta n d

P a r a m e te r

U n sn raved

Snraved

P O M (% )

1 .4 2

1 .2 4

PH

5 .1 a

5 .3 a

N (m g /k g )

0 .6 a

2 .1 a

P (m g /k g )

1 4 .3 a

1 2 .0 a

K ( m g /k g )

125

121

a-significant difference between Unsprayed & Sprayed
POM-percent organic matter, N=nitrate-nitrogen; P=phosphorus; K=potassium

Effects o f Tree Harvest on Soil Characteristics. On the Targhee site most o f the
parameters were higher in the mature stand than in the unspaced naturally regenerated stand
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(Table 64).

Only pH and nitrate-nitrogen levels were higher in the unspaced naturally

regenerated stand than in the mature stand. It was expected that significant differences would
be indicated in the data because the soil where the unspaced naturally regenerated stand is
growing was recently disturbed (35 years ago), while soil development, succession, and the
effects o f succession on soil characteristics in the mature stand has been occurring for many
more years.
Although the differences in percent organic matter between the unspaced naturally
regenerated stand and the mature stand was not statistically significant, a higher percent
organic matter content was expected in the mature stand, because over time organic matter
will accumulate. Measurements o f pH were expected to be lower in the mature stand than
in the unspaced naturally regenerated stand because over time the decomposition process
would produce organic acids, driving down pH. The pattern o f results and the statistically
significant differences for phosphorus and potassium levels were expected. In the mature
stand decomposition has been occurring over a longer period o f time, increasing the organic

Table 64. Measurements o f soil parameters in the unspaced naturally regenerated stand and
the mature stand on the Targhee study site.
S o il

U n sp a ced

P a r a m e te r

R e g e n e r a te d

M a tu r e

P O M (% )

1 .0 9

1 .5 1

PH

5 .3 b

N (m g /k g )

0 .5 b

0 .3 b

P (m g /k g )

9 .9 b

2 1 .1 b

K ( m g /k g )

129

166

'

b-significant difference between Unspaced & Mature
POM-percent organic matter, N=nitrate-nitrogen; P=phosphorus; K=potassium

5 .1 b
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matter content. That organic matter has then had more time to mineralize and provide higher
amounts o f nutrients.

As the data indicate, phosphorus and potassium levels were

significantly higher in the mature stand than in the naturally regenerated stand

Effects o f Tree Harvest on
Percent Organic M atter
Unsprayed Versus Mature. On the Targhee study site it was expected that the organic
m atter content in the mature stand would be higher than percent organic matter in the
younger spaced stands. Over time the mature stand has produced more needle-fall and the
understory vegetation has become dominated by graminoids. Decomposition o f the organic
material on the site has been occurring for a longer time in the mature stand. The data show
that the percent organic matter in the mature stand is higher than in the unsprayed 1.8m and
5.4m tree spacing interval stands (Table 65). In the unsprayed 3.6m tree spacing interval
stand percent organic matter is higher than percent organic matter in the mature stand. Since
the differences are not statistically significant, the expected hypothesis is rejected. Percent
organic matter has not been effected by timber harvest on the Targhee study site.

Table 65. Percent organic matter comparing spaced unsprayed areas with a mature stand
on the Targhee study site.
S p a c in g

Spaced

In te r v a l

U n sn raved

M a tu r e

1 .8 m

1 .3 0

3 .6 m

1 .6 1

1 .5 0
1 .5 4

5 .4 m

1 .3 6

1 .4 7
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Sprayed Versus M ature. It was expected that the organic matter content in the
mature stand would be higher than percent organic matter in the younger spaced stands. Over
time the mature stand would have produced more needle-fall and the understory vegetation
has become dominated by graminoids. Decomposition o f the organic material on the site has
been occurring for a longer time in the mature stand than in the sprayed areas o f the study
plot. The percent organic matter in the mature stand is at or in most cases above the percent
organic matter in the sprayed areas (Table 66). Since statistically significant differences are
lacking, the expected hypothesis is not supported.

Table 66. Percent organic matter comparing spaced sprayed areas with a mature stand on the
Targhee study site.
S p a c in g

Spaced

In te r v a l

Snraved

M a tu r e

1 .8 m

1 ,1 5

1 .5 0

3 .6 m

1 .5 3

1 .5 4

5 .4 m

1 .0 5

1 .4 7

Effects o f Spacing Treatment on
Percent Organic M atter
Unsprayed Areas. Near the bole, percent organic matter was highest in the 1.8m tree
spacing interval stand and lowest in the 3.6m tree spacing interval stand (Table 67). At the
dripline and the midpoint the highest percent organic matter content occurred in the 3.6m tree
spacing interval stand, while the lowest percent organic matter content occurred in the 1.8m
tree spacing interval stand. Since the differences were not statistically significant, here, the
spacing interval between lodgepole pine trees has no effect on percent organic matter.
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Table 67. Percent organic matter in each tree spacing interval, by quadrat location, for
unsprayed areas on the Targhee study site.
Q u a d ra t
L o c a tio n

U n s n r a v e d S n a c in u In terv a l
I .S m

3 .6 m

5 .4 m .

1 .5 9

1 .6 2

0 .9 5

1 .6 1

1 .2 0

0 .9 6

1 .6 5

1 .2 6

B o le

1 .8 2

D r ip lin e
M id p o in t

Sprayed Areas. The spatial distribution patterns o f percent organic matter at quadrat
locations across tree spacing intervals in the sprayed areas o f the Targhee study site are all
different. At the midpoint percent organic matter decreased with increasing tree spacing
intervals. The high percent organic matter content near the bole occurred in the 3.6m tree
spacing interval stand and the low occurred in the 1.8m tree spacing interval stand (Table 68).
The percent organic matter at the dripline was significantly higher in the 3.6m tree spacing
interval stand than in both the 1.8m and 5.4m tree spacing interval stands. At the dripline
percent organic matter was affected by the tree spacing intervals.

Table 68. Percent organic matter in each tree spacing interval, by quadrat location, for
sprayed areas on the Targhee study site.
Q u a d ra t
L o c a tio n

S n r a v e d S n a c in u In te r v a l
1 .8 m

3 .6 m

5 .4 m

B o le

0 .9 0

1 .3 5

1 .1 1

D r ip lin e

1 .0 2 d

1 .8 8 d e

0 .9 4 e

M id p o in t

1 .5 5

1 .3 5

d-significant difference between 1.8m & 3:6m

1 .0 9

e-significant difference between 3.6m & 5.4m

Unsprayed Versus Unspaced Regeneration. Percent organic matter was higher in the
unsprayed areas of the 1.8m and 3.6m tree spacing interval stands than percent organic matter
in the unspaced naturally regenerated stand (Table 69). Percent organic matter 5.4m tree
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spacing interval stand was higher in the unsprayed areas and lower in the sprayed areas than
percent organic matter in the unspaced naturally regenerated stand. The differences in
percent organic matter between the 3.6m tree spacing interval stand and the unspaced
naturally regenerated stand were statistically significant. Since neither stand was sprayed, it
appears that intermediately spaced lodgepole pine does affect percent organic matter.
It was expected that percent organic matter would be similar in both the narrow
spacing interval stand and the unspaced naturally regenerated stand, because the trees in these
stands are spaced close together. This hypothesis is supported since the percent organic
matter differences between the 1.8m tree spacing interval stand and the unspaced naturally
regenerated stand are not statistically significant, and since the percent organic matter
differences between the 3.6m tree spacing interval stand and the unspaced naturally
regenerated stand are statistically significant.

The similarity in percent organic matter

between the unsprayed 5.4m tree spacing interval stand and the unspaced naturally
regenerated stand, however, was not expected.

Table 69. Percent organic matter comparing spaced unsprayed areas with an unspaced
naturally regenerated stand on the Targhee study site.
S p a c in g

Spaced

U n sp a ced

In te r v a l

U n so ra v ed

R e g e n e r a te d
1 .0 8

1 .8 m

1 .3 0

3 .6 m

1 .6 1 b

1 .1 1 b

5 .4 m

1 .3 6

1 .0 9

b-significant difference between Unsprayed & Unspaced Regenerated
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Effects o f Distance from the Tree on
PercentOrganic M atter
Unsprayed Areas. Percent organic matter in the 1.8m and 5.4m tree spacing interval
stands was highest near the bole and lowest at the dripline (Table 70). In the 3.6m tree
spacing interval stand organic matter increased slightly along the bole to midpoint transect.
Evidence for sequential radial pattern in the 3.6m tree spacing interval Stand, and for
nonsequential radial pattern in the 5.4m tree spacing interval stand is considered weak, since
. no statistically significant differences in percent organic matter occurred between quadrats.
In the 1.8m tree spacing interval stand, however, evidence for radial pattern is considered
strong because there was a statistically significant difference between quadrats near the bole
and at the dripline.
Whether the radial pattern in the 1.8m tree spacing interval stand is sequential or
nonsequential cannot be determined since the percent organic matter content between quadrat
locations at the dripline and midpoint are nearly identical. Because a statistically significance
level o f P< or = .05 is used in this study, the difference between percent organic matter near
the bole and at the dripline is significant, but the difference between percent organic matter
near the bole and at the midpoint is not significant. Regardless o f the type o f radial pattern.

Table 70. Percent organic matter in each tree spacing interval along the bole to midpoint
transect for unsprayed areas on the Targhee study site.
U n s n r a v e d S n a c in s In te r v a l

Q u a d ra t
L o c a tio n

1 .8 m

3 .6 m

5 .4 m

B o le

1 .8 2 a

1 .5 9

1 .6 2

D r ip lin e

0 .9 5 a

1 .6 1

1 .2 0

M id p o in t

0 .9 6

1 .6 5

1 .2 6

a - s ig n ific a n t d iffe re n c e b e tw e e n B o le & D rip lin e
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the data suggests that distance from the trunk o f the tree does affect percent organic matter
where lodgepole pine are spaced more densely. When trees are spaced close together percent
organic matter is higher close to the trunk than at greater distances from the bole o f the tree.
Sprayed Areas. The spatial distribution patterns o f percent organic matter within each
tree spacing interval in the sprayed areas o f the Targhee study site are all different. Percent
organic matter increased along the bole to midpoint transect in the 1.8m tree spacing interval
stand, indicating the presence o f sequential radial pattern (Table 71). Evidence for radial
pattern, however, is considered weak since the differences in percent organic matter between
quadrats were not statistically significant. In the 3.6m tree spacing interval stand the high
percent organic matter content occurred at the dripline, while the low percent organic matter
content occurred both near the bole and at the midpoint. In the 5.4m tree spacing interval
stand, percent organic matter was highest near the bole and lowest at the dripline. There is
an indication o f nonsequential radial pattern in both the 3.6m and 5.4m tree spacing interval
stands. Since no statistically significant differences in the percent organic matter content
occurred between quadrats, the evidence for radial pattern is considered weak. Distance from
^

'

the trunk o f the tree does not appear to significantly affect percent organic matter.

Table 71. Percent organic matter in each tree spacing interval along the bole to midpoint
transect for sprayed areas on the Targhee study site.
S n r a v e d S n a c in n In terv a l

Q u a d ra t

3 .6 m

5 .4 m

B o le

0 .9 0

1 .3 5

1 .1 1

D r ip lin e

1 .0 2

1 .8 8

0 .9 4

M id p o in t

1 .5 5

1 .3 5

1 .0 9

L o c a tio n

1 .8 m
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Unsprayed Versus Unspaced Regeneration. The percent organic matter content was
higher in the unsprayed areas o f the Targhee study site at all three quadrat locations than in
the unspaced naturally regenerated stand (Table 72). Since the differences in percent organic
m atter were not statistically significant, the two stands are similar, as expected. In the
unspaced naturally regenerated stand percent organic matter was highest at the dripline and
low est near the bole, possibly due to overlapping tree influence. This spatial distribution
pattern in percent organic matter indicates nonsequential radial pattern. The evidence for
radial pattern is considered weak, since the differences in percent organic matter between
quadrats are not statistically significant. The absence o f significant differences also suggest
that percent organic matter is not influenced by distance from the trunk o f the tree.

Table 72. Percent Organic matter comparing unsprayed areas with an unspaced naturally
regenerated stand on the Targhee study site.
Q u a d ra t

Spaced

U n sp a ced

L o c a tio n

U n sn raved

R e g e n e r a te d

B o le

1 .6 8

1 .0 1

D r ip lin e

1 .2 5

1 .2 3

M id p o in t

1 .3 5

1 .0 5

Effects o f Herbicide Treatment on
Percent Organic M atter
Unsprayed Versus Sprayed by Quadrat Location. Near the bole, percent organic
m atter was higher in the unsprayed areas than in the sprayed areas, and the difference was
statistically significant (Table 73). This suggests that the herbicide treatment has had an
effect, directly or indirectly, on the percent organic matter content close to the trees. At the
dripline, the percent organic matter was slightly higher in the sprayed areas than in the
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unsprayed areas, and at the midpoint, percent organic matter was slightly higher in the
unsprayed areas than in the sprayed areas.

Table 73. Percent organic matter comparing spaced unsprayed and sprayed areas, by quadrat
location on the Targhee study site.
Q u a d ra t
L o c a tio n

S n aced
U n sn raved

Snraved

B o le

1 .6 8 a

1 .1 3 a

D r ip lin e

1 .2 5

1 .2 8

M id p o in t

1 .3 5

1 .3 1

a-significant difference between Unsprayed & Sprayed

Sprayed Versus Unspaced Regeneration by Quadrat Location. The percent organic
m atter content was higher in the sprayed areas at all three quadrat locations than in the
unspaced naturally regenerated stand on the Targhee study site (Table 74).

Without

statistically significant differences the two stands must be considered similar and suggests that
the herbicide treatment has had no lasting affect on percent organic.

Table 74. Percent organic matter comparing spaced sprayed areas, by quadrat location, with
an unspaced naturally regenerated stand on the Targhee study site.
Q u a d ra t

Spaced

U n sp a ced

L o c a tio n

Snraved

R e g e n e r a te d

B o le

1 .1 3

1 ,0 1

D r ip lin e

1 .2 8

1 .2 3

M id p o in t

1 .3 1

1 .0 5

Unsprayed Versus Sprayed by Spacing Interval. Percent organic matter was higher
in the unsprayed areas than in the sprayed areas in all three tree spacing interval stands (Table
75). In the 5.4m tree spacing interval stand the difference in percent organic matter between
the unsprayed areas and the sprayed areas was statistically significant. This suggests that the
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herbicide treatment has affected percent organic matter in the wide lodgepole pine spacing
interval stands.

Table 75. Percent organic matter comparing spaced unsprayed and sprayed areas, by tree
spacing interval on the Targhee study site.
Snaced

S p a c in g
In te r v a l

U n sn raved

Snraved

1 .8 m

1 .3 0

1 .1 5

3 .6 m

1 .6 1

1 .5 3

5 .4 m

1 .3 6 a

1 .0 5 a

a-significant difference between Unsprayed & Sprayed

Sprayed Versus Unspaced Regeneration. Percent organic matter in the 5.4m tree
spacing interval stand was lower in the sprayed areas than in the unspaced naturally
regenerated stand (Table 76). The percent organic matter was higher in the sprayed areas o f
the 1.8m and 3.6m tree spacing interval stands than percent organic matter in the unspaced
naturally regenerated stand. The differences in percent organic matter between the 3.6m tree
spacing interval stand and the unspaced naturally regenerated stand were statistically
significant, suggesting that the herbicide treatment may have actually increased percent
organic matter in intermediately spaced lodgepole pine stands.

Table 76. Percent organic matter comparing spaced sprayed areas with an unspaced naturally
regenerated stand on the Targhee study site.
S p a c in g

Spaced

U n sp aced

In te r v a l

U n sp raved

R e g e n e r a te d

1 .8 m

1 .1 5

1 .0 8

3 .6 m

1 .5 3 c

1 .1 1 c

5 .4 m

1 .0 5

1 .0 9

c -s ig riific a n t d iffe re n c e b e tw e e n S p ra y e d Sc, U n s p a c e d R e g e n e ra te d
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Effects o f Tree Harvest on pH
Unsprayed Versus Mature. It was expected that pH levels in the mature stand would
be lower than pH levels in the various tree spacing interval stands, because needle and bark
litter in older stands has had the time to decompose, creating a more acidic mineral soil.
Since the difference in pH between the mature stand and the unsprayed 1.8m tree spacing
interval stand was not statistically significant (Table 77), the hypothesis is rejected. Also,
since the pH level in the mature stand was not significantly different than the pH level in the
unsprayed 3.6m and 5.4m tree spacing interval stand, the hypothesis is, again, rejected. The
harvesting o f timber has had no effect on pH.

Table 77. Measurements o f pH comparing spaced unsprayed areas with a mature stand on
the Targhee study site.
S p a c in g

Spaced
■U n s n r a v e d

M a tu r e

1 .8 m

5 .1

5 .1

3 .6 m

5 .0

5 .1

5 .4 m

5 .2

5 .1

In te r v a l

Sprayed Versus M ature. It was expected that pH levels in the mature stand would
be lower than pH levels in the various tree spacing interval stands, because needle and bark
litter in older stands has had the time to decompose, creating a more acidic mineral soil.
Since pH levels in the sprayed areas o f the 3.6m and 5.4m tree spacing interval stands were
significantly higher than pH levels in the mature stand, the hypothesis is supported (Table 78).
Since the differences in pH between the mature stand and the sprayed 1.8m tree spacing
interval stand were not statistically significant, the hypothesis is rejected.
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Table 78. Measurements o f pH comparing spaced sprayed areas with a mature stand on the
Targhee study site.
S p a c in g

Spaced

In te r v a l

Snraved

M a tu r e

1 .8 m

5 .2

5 .1

3 .6 m

5 .3 e

5 .Ie

5 .3 e

5 .1 e

5 .4 m

■

e-significant difference between Sprayed & Mature

Effects o f Spacing Treatment on pH
Unsprayed Areas. In the unsprayed areas o f the Targhee study site, pH near the bole
increased as tree spacing intervals increased, and the differences in pH between the 1.8m and
3.6m tree spacing interval stands were statistically significant (Table 79). This suggests that
tree spacing interval does affect pH near the trunk o f the tree. The spatial distribution pattern
o f pH measurements at the dripline and at the midpoint was different than near the bole. At
the dripline and midpoint pH levels were highest in the 1.8m and 5.4m tree spacing interval
stands and lowest in the 3.6m tree spacing interval stand.

Table 79. Measurements o f pH in each tree spacing interval, by quadrat location, for
unsprayed areas on the Targhee study site.
Q u a d ra t

U n s n r a v e d S n a c in ff In terv a l

L o c a tio n

1 .8 m

3 .6 m

5 .4 m

B o le

5 .Of

5 .1

5 .3 f

D r ip lin e

5 .2

5 .1

5 .2

M id p o in t

5 .2

5 .0

5 .1

f-significant difference between 1.8m & 5.4m

Sprayed Areas. Near the bole and at the dripline pH levels were highest in the 3.6m
tree spacing interval stand, and lowest in both the 1.8m and 5.4m tree spacing interval stands
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(Table 80). At the midpoint, pH measurements were highest in the 5.4m tree spacing interval
stand, while the low pH measurement occurred in both the 1.8m and 3.6m tree spacing
interval stands. Because no statistically significant differences were found, spacing treatment
has no effect on pH in the sprayed areas o f the Targhee study site.

Table 80. Measurements o f pH in each tree spacing interval, by quadrat location, for
sprayed areas on the Targhee study site.
S n r a v e d S n a c in s In terv a l

Q u a d ra t
L o c a tio n

1 .8 m

3 .6 m

5 .4 m

B o le

5 .3

5 .4

5 .3

D r ip lin e

5 .2

5 .3

5 .2

M id p o in t

5 .2

5 .2

5 .4

Unsprayed Versus Unspaced Regeneration. Measurements o f pH in the unspaced
naturally regenerated stand were higher than pH measurements in the unsprayed areas in all
three tree spacing interval stands (Table 81). It was expected that the pH in the unspaced
naturally regenerated stand would be more similar to pH in the narrow tree spacing interval
stands than in the wider tree spacing interval stands, because trees in the 1.8m tree spacing
interval stand and trees in the unspaced naturally regenerated stand are spaced close together.
However, the data in this study indicated that pH levels in the unspaced naturally regenerated
stand were more similar to the wider tree spacing intervals. It was not expected that the pH
levels in the unspaced naturally regenerated stand would be significantly higher than pH levels
in the 1.8m and 3.6m tree spacing interval stands. These results fail to support the expected
hypothesis.
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Table 81.

Measurements o f pH comparing spaced unsprayed areas with an unspaced
naturally regenerated stand on the Targhee study site.
S p a c in g

Spaced

U n sp a ced

In te r v a l

U n sn raved

R e g e n e r a te d

1 .8 m

5 .1 b

5 .3 b

3 .6 m

5 .0 b

5 .3 b

5 .4 m

5 .2

5 .3

b-significant difference between Unsprayed & Unspaced Regenerated

Effects o f Distance from the Tree on pH
Unsprayed Areas. In the 1.8m tree spacing interval stand pH was lowest near the bole
and highest at the dripline and midpoint (Table 82). In the 3.6m tree spacing interval stand
the levels o f pH were highest at the midpoint, and lowest near the bole and at the dripline.
In the 5.4m tree spacing interval stand the pH levels decreased as the distance from the bole
o f the tree increased. There is evidence for nonsequential radial pattern in the 1.8m and 3.6m
tree spacing interval stands, and for sequential radial pattern in the 5.4m tree spacing interval
stand. Since the differences in pH levels between quadrats were not statistically significant
in any o f the three tree spacing interval stands, the evidence must be considered weak.
It was expected that pH levels would increase along the bole to midpoint transect.
This general trend occurred only in the 1.8m tree spacing interval stand, but without
statistically significant differences in pH levels between quadrats, the expected hypothesis was
not supported. It was further expected that pH levels would have exhibited a greater range
along the bole to midpoint transect. Distance from the tree has no appreciable effect on pH
in any tree spacing interval stand on the study plot.
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Table 82. Measurements o f pH in each tree spacing interval along the bole to midpoint
transect for unsprayed areas on the Targhee study site.
Q u a d ra t
L o c a tio n

U n so ra v ed
1 .8 m

3 .6 m

5 .4 m

B o le

5 .0

5 .1

5 .3

D r ip lin e

5 .2

5 .1

5 .2

M id p o in t

5 .2

5 .0

5 .1

Sprayed Areas. In both the 1.8m and 3.6m tree spacing interval stands, pH levels
decreased along the bole to midpoint transect (Table 83), indicating the presence o f sequential
radial pattern.

Evidence for radial pattern in these two tree spacing interval stands is

considered weak, since the differences in pH measurements between quadrats were not
statistically significant. In the 5.4m tree spacing interval stand the high pH level occurred at
the midpoint, while the low pH level occurred at the dripline. This spatial distribution pattern
indicated the presence o f nonsequential radial pattern, but without statistically significant
differences, the evidence must be considered weak. It was expected that pH would increase
along the bole to midpoint transect, and that pH would exhibit a greater range in values. The
distribution of pH levels in the 1.8m and 3.6m tree spacing interval stands were opposite the
expected results.

Table 83. Measurements o f pH in each tree spacing interval along the bole to midpoint
transect for sprayed areas on the Targhee study site.
Q u a d ra t

S o r a v e d S o a c in e In te r v a l

L o c a tio n

1 .8 m

3 .6 m

5 .4 m

B o le

5 .3

5 .4

5 .3

D r ip lin e

5 .2

5 .3

5 .2

M id p o in t

5 .2

5 .2

■ 5 .4
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Unsprayed Versus Unspaced Regeneration. The measurements o f pH in the unspaced
naturally regenerated stand were higher than pH levels in the unsprayed areas at all three
quadrat locations (Table 84). It was expected that pH measurements in the unspaced
naturally regenerated stand would be similar to the pH levels in the unsprayed areas o f the
study plot. Since the differences in pH between the two stands were statistically significant
near the bole and at the midpoint, the stands are not similar. It was also expected that pH
levels in both stands would increase along the bole to midpoint transect. Since the differences
in pH along the bole to midpoint transect were not statistically significant, the hypothesis is
rejected. The levels o f pH in the unsprayed area and in the unspaced naturally regenerated
stand were not effected by distance from the trunk o f the tree. The pH measurements in the
unspaced naturally regenerated stand decreased along the bole to midpoint transect.
Although radial pattern is indicated, the evidence is considered weak because no statistically
significant differences occurred in pH levels between quadrat locations.

Table 84. Measurements of pH comparing spaced unsprayed areas, by quadrat location, with
an unspaced naturally regenerated stand on the Targhee study site.
Q u a d ra t

Spaced

L o c a tio n

U n so ra v ed

U n sp a ced
'

R e g e n e r a te d

B o le

5 .1 b

5 .4 b

D r ip lin e

5 .1

5 .3

M id p o in t

5 .1 b

5 .3 b

b-significant difference between Unsprayed & Unspaced Regenerated

Effects o f Herbicide Treatment on pH
Unsprayed Versus Sprayed by Quadrat Location. The measurements o f pH were
higher in the sprayed areas than in the unsprayed areas at all three quadrat locations on the
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Targhee study site (Table 85). Near the bole and at the midpoint the differences in pH levels
between the unsprayed and sprayed areas was statistically significant. This suggests that
herbicide treatment may have had an effect on the pH levels. The lower pH levels in the
unspaced areas are probably a result o f more decomposition which would produce more
organic acids.

Table 85. Measurements o f pH comparing spaced unsprayed and sprayed areas, by quadrat
location, on the Targhee study site.
Q u a d ra t
L o c a tio n

Soaced
U n so ra v ed

Spraved

B o le

5 .1 a

5 .3 a

D r ip lin e

5 .1

5 .2

M id p o in t

5 .1 a

5 .3 a

a-significant difference between Unsprayed & Sprayed

Sprayed Versus Unspaced Regeneration by Quadrat Location. The measurements o f
pH in the unspaced naturally regenerated stand were higher than pH levels in the sprayed
areas near the bole and at the dripline (Table 86). The pH level at the midpoint in the sprayed
areas and the pH level in the unspaced naturally regenerated stand were the same. It was
expected that pH measurements in the unspaced naturally regenerated stand would be more
dissimilar to the pH levels in the sprayed areas o f the study plot. The data in this study
reveals that, in fact, the two stands are similar, since no statistically significant differences
occurred between the two stands. It appears that, in this case, pH has not been effected by
the herbicide treatment.
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Table 86. Measurements o f pH comparing spaced sprayed areas, by quadrat location, with
an unspaced naturally regenerated stand on the Targhee study site.
Q u a d ra t

Spaced

U n sp aced

L o c a tio n

Snraved

R e g e n e r a te d

B o le

5 .3

5 .4

D r ip lin e

5 .2

5 .3

M id p o in t

5 .3

5 .3

Unsprayed Versus Sprayed by Spacing Interval. Levels o f pH were higher in the
sprayed areas than in the unsprayed areas o f the study plot in all three tree spacing interval
stands (Table 87). In the 1.8m and 3.6m tree spacing interval stands, it appears that the
herbicide treatment may have had some effect on pH levels, since the differences between the
unsprayed and sprayed areas were statistically significant.

Table 87. Measurements o f pH comparing spaced unsprayed and sprayed areas, by tree
spacing interval, on the Targhee study site.
S p a c in g
In te r v a l

Snaced
U n sn raved

Snraved

1 .8 m

5 .1 a

5 .2 a

3 .6 m

5 .0 a

5 .3 a

5 .4 m

5 .2

5 .3

a-significant difference between Unsprayed & Sprayed

Sprayed Versus Unspaced Regeneration. The levels o f pH in the unspaced naturally
regenerated stand were higher than in the sprayed 1.8m tree spacing interval stand (Table 88).
The levels o f pH were the same in the unspaced naturally regenerated stand as in the sprayed
3.6m and 5.4m tree spacing interval stands. Since there were no statistically significant
differences in pH levels between the two stands, the evidence indicates that the herbicide
treatment has had no effect on pH.
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Table 88. Measurements o f pH comparing spaced sprayed areas with an unspaced naturally
regenerated stand on the Targhee study site.
S p a c in g

Spaced

U n sp a ced

In terv a l

Snraved

R e g e n e r a te d

1 .8 m

5 .2

5 .3

3 .6 m

5 .3

5 .3

5 .4 m

5 .3

5 .3

Effects o f Tree Harvest on Nitrate-nitrogen
Unspraved Versus M ature. The unsprayed areas o f the 1.8m and 3.6m tree spacing
interval stands had higher nitrate-nitrogen levels than the mature stand (Table 89). The level
o f nitrate-nitrogen in the mature stand was higher than in the unsprayed 5.4m tree spacing
interval stand. The harvesting o f timber has not affected nitrate-nitrogen levels on the
Targhee study site.

Table 89. Nitrate-nitrogen levels (mg/kg) comparing spaced unsprayed areas with a mature
stand on the Targhee study site.
S p a c in g

Spaced
U n sn raved

M a tu r e

1 .8 m

0 .3

0 .2

3 .6 m

0 .5

0 .4

5 .4 m

0 .5

0 .6

In te r v a l

Sprayed Versus M ature. The sprayed areas in all three tree spacing interval stands
had higher nitrate-nitrogen levels than the mature stand (Table 90). Since ho statistically
significant differences occurred between the sprayed 3.6m and 5.4m tree spacing interval
stands and the mature stand, the data is indicating that tree harvest has not affected nitratenitrogen. Since the sprayed 1.8m tree spacing interval stand was significantly different than
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the unspaced naturally regenerated stand, it seems that, here, the timber harvest does affect
nitrate-nitrogen.

Table 90. Nitrate-nitrogen levels (mg/kg) comparing spaced sprayed areas with a mature on
the Targhee study site.
S p a c in g

Spaced

In te r v a l

S oraved

M a tu r e

1 .8 m

4 .3 e

0 .2 e

3 .6 m

1 .4

0 .4

5 .4 m

0 .8

0 .6

e-significant difference between Sprayed & Mature

Effects o f Spacing Treatment on Nitrate-nitrogen
Unsprayed Areas. In the unsprayed areas o f the Targhee study site the spatial
distribution pattern o f nitrate-nitrogen levels differed at each quadrat location. Near the bole,
the high nitrate-nitrogen levels occurred in the 1.8m tree spacing interval stand and the low
levels o f nitrate-nitrogen occurred in the 3.6m tree spacing interval stand (Table 91). The
nitrate-nitrogen levels at the dripline were highest in the 3.6m tree spacing interval stand and
lowest in the 1.8m tree spacing interval stand. At the midpoint nitrate-nitrogen levels
increased with increasing tree spacing intervals. Since there were no statistically significant

Table 91. Nitrate-nitrogen levels (mg/kg) in each tree spacing interval, by quadrat location,
for unsprayed areas on the Targhee study site.
Q u a d ra t

U n s o r a v e d S o a c in a In terv a l

L o c a tio n

1 .8 m

3 .6 m

B o le

0 .3

0 .1

5 .4 m
0 .2

D r ip lin e

0 .4 '

1.1

0 .5

M id p o in t

0 .3

0 .4

1.1
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differences in nitrate-nitrogen between tree spacing interval stands at any o f the three quadrat
locations, the evidence indicates that spacing intervals in lodgepole pine do not affect nitratenitrogen levels.
Sprayed Areas. Near the bole and at the dripline, nitrate-nitrogen levels in the sprayed
areas o f the study plot decreased as tree spacing intervals increased (Table 92). At the
midpoint the high nitrate-nitrogen level occurred in the L 8m tree spacing interval stand, but
the low nitrate-nitrogen level occurred in the 3.6m tree spacing interval stand.

The

statistically significant differences occurring at the dripline and midpoint between narrow and
wide tree spacing interval stands, suggests that tree spacing intervals do have an effect on
nitrate-nitrogen levels..

Table 92. Nitrate-nitrogen levels (mg/kg) in each tree spacing interval, by quadrat location,
for sprayed areas on the Targhee study site.
Q u a d ra t

S n r a v e d S n a c in e In terv a l

L o c a tio n

1 .8 m

3 .6 m

5 .4 m

B o le

1 .4

0 .3

0 .1

D r ip lin e

4 .7 f

2 .1

0 .2 f

M id p o in t

6 .7 d f

1 .8 d

2 .4 f

■d-significant difference between 1.8m & 3.6m

Unsprayed Versus Unspaced Regeneration.

f-significant difference between 1.8m & 5.4m

The nitrate-nitrogen levels in the

unsprayed areas of the 1.8m tree spacing interval stand were higher than the nitrate-nitrogen
level in the unspaced naturally regenerated stand (Table 93). The nitrate-nitrogen level in the
unspaced naturally regenerated stand was higher than the nitrate-nitrogen levels in the
unsprayed areas of both the 3.6m and 5.4m tree spacing interval stands. Since there were no
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statistically significant differences in nitrate-nitrogen between the two stands, the data
Suggests that lodgepole pine spacing intervals have no effect on nitrate-nitrogen.

Table 93. Nitrate-nitrogen levels (mg/kg) comparing spaced unsprayed areas with an
unspaced naturally regenerated stand on the Targhee study site.
S p a c in g

Spaced

U n sp a ced

In te r v a l

U n sp raved

R e g e n e r a te d

1 .8 m

0 .4

0 .3

3 .6 m

0 .5

5 .4 m

0 .5

0.6
0.8

Effects o f Distance from the Tree on Nitrate-nitrogen
Unsprayed Areas. The spatial distribution patterns o f nitrate-nitrogen levels within
each tree spacing interval stand differed. In the 1.8m and 3.6m tree spacing interval stands,
nitrate-nitrogen levels were highest at the dripline and lowest near the bole (Table 94). The
spatial distribution pattern in these two tree spacing interval stands may indicate the presence
o f nonsequential radial pattern, but without statistically significant differences in nitratenitrogen levels between quadrats, the evidence must be considered weak. W eak radial pattern
also exists in the 5.4m tree spacing interval stand. Although nitrate-nitrogen levels increased

Table 94. Nitrate-nitrogen levels (mg/kg) in each tree spacing interval along the bole to
midpoint transect for unsprayed areas on the Targhee study site.
U n s n r a v e d S n a c in g In te r v a l

Q u a d ra t
L o c a tio n

1 .8 m

3 .6 m

5 .4 m

B o le

0 .3

0 .1 '

0 .2

D r ip lin e

0 .4

1.1

0 .5

M id p o in t

0 .3

0 .4

1.1
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along the bole to midpoint transect, the differences between quadrat locations are not
statistically significant.

Also, since no statistically significant differences occurred, the

indication is that distance from the trunk o f the tree does not affect nitrate-nitrogen.
Sprayed Areas. The levels o f nitrate-nitrogen increased along the bole to midpoint
transect in the 1.8m and 5.4m tree spacing interval stands (Table 95), indicating the presence
o f sequential radial pattern in both stands. Evidence for radial pattern in the 1.8m tree
spacing interval stand is strong since the difference in nitrate-nitrogen levels between quadrats
near the bole and at the midpoint are statistically significant. This significant difference
indicates that distance from the bole o f the tree does influence nitrate nitrogen. The evidence
for radial pattern in the 5.4m tree spacing interval stand is considered weak because the levels
o f nitrate-nitrogen between quadrats are not significantly different. In the 3.6m tree spacing
interval stand nitrate-nitrogen was highest at the dripline and lowest near the bole. Since the
differences in nitrate-nitrogen levels between quadrats are not statistically significant, the
evidence must be considered weak.

Table 95. Nitrate-nitrogen levels (mg/kg) in each tree spacing interval along the bole to
midpoint transect for sprayed areas on the Targhee study site.
Q u a d ra t

S n r a v e d S n a c in u In te r v a l

L o c a tio n

1 .8 m

3 .6 m

5 .4 m

B o le

1 .4 c

0 .3

0 .1

D r ip lin e

4 .7

2 .1

0 .2

M id p o in t

6 .7 c

1 .8

2 .4

c-significant difference between Bole & Midpoint

Unsprayed Versus Unspaced Regeneration. The spatial distribution pattern o f nitratenitrogen levels in the unspaced naturally regenerated stand was the same as the distribution
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pattern in the unsprayed areas o f the study plot. Nitrate-nitrogen levels increased as distance
from the bole o f the tree increased (Table 96). Sequential radial pattern was indicated in the
unspaced naturally regenerated stand, but the evidence is considered weak because the
differences in nitrate-nitrogen levels between quadrats were not statistically significant. The
data indicates that distance from the trunk o f the tree does not affect nitrate-nitrogen levels.

Table 96. Nitrate-nitrogen levels (mg/kg) comparing spaced unsprayed areas, by quadrat
location, with an unspaced naturally regenerated stand on the Targhee study site.
Q u a d ra t

Spaced

U n sp a ced

L o c a tio n

U n sn raved

R e g e n e r a te d

B o le

0 .2

0 .3

D r ip lin e

0 .6

0 .4

M id p o in t

0 .7

1 .0

Effects o f Herbicide Treatment on Nitrate-nitrogen
Unsprayed Versus Sprayed by Quadrat Location. The levels o f nitrate-nitrogen were
higher in the sprayed areas o f the study plot than in the unsprayed areas at all three quadrat
locations (Table 97). Only at the midpoint were the differences in nitrate-nitrogen levels
statistically significant, suggesting that the herbicide treatment has had an effect on nitratenitrogen between two adjacent tree crowns.

Table 97. Nitrate-nitrogen levels (mg/kg) comparing spaced unsprayed and sprayed areas,
by quadrat location, on the Targhee study site.
Snaced

Q u a d ra t
L o c a tio n

U n sn raved

Snraved

B o le

0 .2

0 .6

D r ip lin e

0 .6

2 .3

M id p o in t

0 .7 a

3 .6 a

a - s ig n ific a n t d iffe re n c e b e tw e e n U n s p r a y e d a n d S p ra y e d
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Sprayed Versus Unspaced Regeneration bv Quadrat Location. The levels o f nitratenitrogen in the sprayed areas were higher than nitrate-nitrogen levels in the unspaced naturally
regenerated stand at all three quadrat locations (Table 98). The differences, however, were
not statistically significant, indicating that the herbicide treatment has had no effect on nitratenitrogen.

Table 98. Nitrate-nitrogen levels (mg/kg) comparing spaced sprayed areas, by quadrat
location, with an unspaced naturally regenerated stand on the Targhee study site.
Q u a d ra t

Spaced

U n sp a ced

L o c a tio n

S nraved

R e g e n e r a te d

B o le

0 .6

0 .3

D r ip lin e

■

2 .3

0 .4

M id p o in t

3 .6

1 .0

Unsprayed Versus Sprayed by Spacing Interval. Nitrate-nitrogen levels were higher
in the sprayed areas than in the unsprayed areas o f the study plot in all three tree spacing
interval stands (Table 99). In the 1.8m tree spacing interval stand, the statistically significant
difference in nitrate-nitrogen levels between the unsprayed and sprayed areas, suggests that
herbicide treatment has had a positive effect on nitrate-nitrogen levels in the narrow tree

Table 99. Nitrate-nitrogen levels (mg/kg) comparing spaced unsprayed and sprayed areas,
by tree spacing interval, on the Targhee study site.
S n aced

S p a c in g
U n sn raved

Snraved

1 .8 m

0 .4 a

4 .4 a

3 .6 m

0 .5

1 .4

5 .4 m

0 .5

0 .8

In terv a l

a -s ig n iiic a n t d iffe re n c e b e tw e e n U n s p r a y e d & S p ra y e d
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spacing interval stands. Nitrate-nitrogen levels were slightly higher in the wider tree spacing
interval stands than in the narrow tree spacing interval stands in the unsprayed areas,
indicating that in these stands the herbicide treatment has not affected nitrate-nitrogen.
Sprayed Versus Unspaced Regeneration. The nitrate-nitrogen levels in the sprayed
areas o f the 1.8m and 3.6m tree spacing interval stands were higher than the nitrate-nitrogen
level in the unspaced naturally regenerated stand (Table 100). The differences in nitratenitrogen levels between the 1.8m tree spacing interval stand and the unspaced naturally
regenerated stand were statistically significant, suggesting that the herbicide treatment has a
positive effect on nitrate-nitrogen when trees are spaced close together. The level of nitratenitrogen in the sprayed 5.4m tree spacing interval stand and in the unspaced naturally
regenerated stand was the same, showing no effects from the herbicide treatment on nitratenitrogen.

Table 100. Nitrate-nitrogen levels (mg/kg) comparing spaced sprayed areas with an unspaced
naturally regenerated on the Targhee study site.
S p a c in g

Spaced

U n sp a ced

In te r v a l

S p raved

R e g e n e r a te d

1 .8 m

4 .4 c

3 .6 m

1 .4

0 .6

5 .4 m

0 .8

0 .8

0 .3 c

a-significant difference between Sprayed & Unspaced Regenerated

Effects o f Tree Harvest on Phosphorus
Unsprayed Versus Mature. The phosphorus level in the mature stand was higher than
the phosphorus level in the unsprayed areas o f all three tree spacing interval stands on the
Targhee study site (Table 101). The differences in phosphorus levels between the mature
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stand and both the 1.8m and 5.4m tree spacing interval stands were statistically significant,
indicating that, here, the harvesting o f timber does effect phosphorus levels in the soil. In the
upper ten centimeters o f soil, levels o f phosphorus in the mature stand may be higher because
decomposition and mineralization o f organic matter has occurred over a longer period o f time
than in the disturbed regenerated stands. Also, phosphorus may accumulate over time in
undisturbed soils, since it is not very mobile in the soil.

Table 101. Phosphorus levels (mg/kg) comparing spaced unsprayed and and a mature stand
on the Targhee study site.
S p a c in g

Spaced

In terv a l

U n sn raved

1 .8 m

1 1 .8 d

M a tu r e

•

2 1 . Od

3 .6 m

1 6 .9

2 0 .8

5 .4 m

1 4 .3 d

2 0 .5 d

d-significant difference between Unsprayed & Mature

Sprayed Versus M ature. The phosphorus level in the mature stand was higher than
the phosphorus level in the sprayed areas o f all three tree spacing interval stands on the
Targhee study site (Table 102).

The differences in phosphorus levels between the mature

stand and both the 1.8m and 3.6m tree spacing interval stands were statistically significant,
indicating that, here, tree harvest does effect phosphorus levels. In the surface soil horizon,
levels o f phosphorus in the mature stand may be higher because decomposition and
mineralization of organic matter has occurred over a longer period o f time than in the
disturbed regenerated stands. Also, phosphorus may accumulate over time in undisturbed
soils, since it is not very mobile in the soil.
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Table 102. Phosphorus levels (mg/kg) comparing spaced sprayed areas with a mature stand
on the Targhee study site.
S p a c in g

Spaced

In te r v a l

S n raved

M a tu r e

1 .8 m

1 0 .2 e

2 1 .Oe

3 .6 m

1 1 .3 e

2 0 .8 e

5 .4 m

1 4 .7

2 0 .5

e-significant difference between Sprayed & Mature

Effects o f Spacing Treatment on Phosphorus
Unsprayed Areas. The spatial distribution patterns o f phosphorus levels differed at
each quadrat location on the Targhee study site. Near the bole, phosphorus levels increased
with increasing tree spacing intervals (Table 103). At the midpoint the high phosphorus level
occurred in the 3.6m tree spacing interval stand and the low phosphorus level occurred in
both the 1.8m and 5.4m tree spacing interval stands. At the dripline the high phosphorus level
occurred in the 3.6m tree spacing interval stand, while the low phosphorus level occurred in
the 1.8m tree spacing interval stand and the differences were statistically significant. This
significant difference indicates that spacing interval may have some effect on phosphorus
levels.

Table 103. Phosphorus levels (mg/kg) in each tree spacing interval, by quadrat location, for
unsprayed areas on the Targhee study site.
Q u a d ra t

U n s n r a v e d S n a c in s In terv a l

L o c a tio n

1 .8 m

3 .6 m

5 .4 m

B o le

1 3 .4

1 6 .3

1 6 .6

D r ip lin e

1 0 .2 d

1 7 .6 d

1 4 .3

M id p o in t

1 1 .7

1 6 .7

1 1 .7

d - s ig n ific a n t d iffe re n c e b e tw e e n 1 .8 m & 3 .6 m
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Sprayed Areas. In the sprayed areas o f the study plot phosphorus levels were highest
in the 5.4m tree spacing interval stand at all three quadrat locations (Table 104). The low
phosphorus level at the midpoint occurred in the 3.6m tree spacing interval stand. At the
dripline and near the bole phosphorus levels increased as tree spacing intervals increased.
Although the general trend is for higher phosphorus levels as tree spacing intervals increase,
without statistically significant differences, the conclusion must be that the spacing o f
lodgepole pine makes no difference in phosphorus levels.

Table 104. Phosphorus levels (mg/kg) in each tree spacing interval, by quadrat location, for
sprayed areas on the Targhee study site.
Q u a d ra t

S n r a v e d S n a c in u In terval

L o c a tio n

1 .8 m

3 .6 m

B o le

8 .5

1 2 .0

1 4 .7

D r ip lin e

1 1 .0

1 1 .5

1 5 .7

M id p o in t

1 1 .1

1 0 .1

1 3 .5

5 .4 m

Unsprayed Versus Unspaced Regeneration. Phosphorus levels were higher in the
unsprayed areas in all three tree spacing interval stands than phosphorus levels in the
unspaced naturally regenerated stand (Table 105). The wider tree spacing intervals exhibit
a statistically significant difference in phosphorus levels between the spaced stands and the
unspaced naturally regenerated stand. It was expected that phosphorus levels in the unspaced
naturally regenerated stand would be more similar to the narrow tree spacing interval stands
than to the wider tree spacing interval stands. Since the differences in phosphorus levels
between the unspaced naturally regenerated stand and the unsprayed areas o f the 3.6m and
5.4m tree spacing interval stands were statistically significant; and that no statistically
significant differences occurred between the unspaced naturally regenerated and the
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unsprayed 1.8m tree spacing interval stand, the hypothesis is strongly supported. From these
relationships, it seems that tree spacing intervals do have an effect on phosphorus levels.

Table 105. Phosphorus levels (mg/kg) comparing spaced unsprayed areas with an unspaced
naturally regenerated stand on the Targhee study site.
S p a c in g

Spaced

U n sp a ced

In te r v a l

U n soraved

R e g e n e r a te d

1 .8 m

1 1 .9

9 .7 3

3 .6 m

1 6 .9 b

9 .9 1 b

5 .4 m

1 4 .3 b

9 .7 4 b

b-significant difference between Unsprayed & Unspaced Regenerated

Effects o f Distance from the Tree on Phosphorus
Unsprayed Areas. The spatial distribution patterns o f phosphorus levels differed in
each tree spacing interval on the Targhee study site. In the 1.8m tree spacing interval stand
the high level o f phosphorus occurred near the bole, while the low phosphorus level occurred
at the dripline (Table 106). In the 3.6m tree spacing interval stand the phosphorus level was
highest at the dripline and lowest near the bole. Nonsequential radial pattern is indicated in
both o f these tree spacing interval stands, but the evidence is considered weak, since the
differences in phosphorus levels between quadrats were not statistically significant.
Phosphorus levels decreased along the bole to midpoint transect in the 5.4m tree spacing
interval stand, indicating the presence of sequential radial pattern. Evidence for radial pattern
is considered weak since the differences in phosphorus levels between quadrats were not
statistically significant. Since the differences are not statistically significant, the data shows
that distance from the tree does not affect phosphorus levels.
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Table 106. Phosphorus levels (mg/kg) in each tree spacing interval along the bole to midpoint
transect for unsprayed areas on the Targhee study site.
Q u a d ra t

U n s n r a v e d S n a c in s In terv a l

L o c a tio n

1 .8 m

3 .6 m

5 .4 m

B o le

1 3 .4

1 6 .3

1 6 .6

D r ip lin e

1 0 .2

1 7 .6

1 4 .3

M id p o in t

1 1 .7

1 6 .7

1 1 .7

Sprayed Areas. In the 1.8m tree spacing interval stand phosphorus levels increased
along the bole to midpoint transect (Table 107). In the 3.6m tree spacing interval stand
phosphorus levels decreased as distance from the bole o f the tree increased. Although
sequential radial pattern seems to be present in these two tree spacing interval stands, the
evidence is considered weak because the differences in phosphorus levels between quadrats
are not statistically significant. In the 5.4m tree spacing interval stand phosphorus levels were
highest at the dripline, intermediate near the bole, and lowest at the midpoint, which is a
distribution pattern indicating the existence o f nonsequential radial pattern. Again, though,
the evidence must be considered weak since no statistically significant differences in
phosphorus levels were found between quadrats. Since the differences are not statistically
significant, the data shows that distance from the tree does not affect phosphorus levels.

Table 107. Phosphorus levels (mg/kg) in each tree spacing interval along the bole to midpoint
transect for sprayed areas on the Targhee study site.
Q u a d ra t

Snraved

L o c a tio n

1 .8 m

3 .6 m

5 .4 m

B o le

8 .5

1 2 .0

1 4 .7

D r ip lin e

1 1 .0

1 1 .5

1 5 .7

M id p o in t

11.1

1 0 .1

1 3 .5
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Unsprayed Versus Unspaced Regeneration. The phosphorus levels in the unsprayed
sprayed areas at all three quadrat locations were higher than phosphorus levels in the
unspaced naturally regenerated stand (Table 108). The distribution pattern o f phosphorus
levels in the unspaced naturally regenerated stand was different than the distribution patterns
occurring in the unsprayed areas o f the study plot. The high phosphorus level occurred at the
dripline, while the low phosphorus level occurred near the bole in the unspaced naturally
regenerated stand, indicating the presence o f nonsequential radial pattern. Evidence for radial
pattern, however, is considered weak since the differences in phosphorus levels between
quadrats were not statistically significant. Since the differences are not statistically significant,
the data shows that distance from the tree does not affect phosphorus levels.

Table 108. Phosphorus levels (mg/kg) comparing spaced unsprayed areas with an unspaced
naturally regenerated stand on the Targhee study site.
Q u a d ra t

Spaced

U n sp a ced

L o c a tio n

U n sn raved

R e g e n e r a te d

B o le

1 5 .4 b

D r ip lin e

1 4 .0

1 1 .4

M id p o in t

1 3 .7

9 .8

8 .7 b

b-significant difference between Unsprayed & Unspaced Regenerated

Effects o f Herbicide Treatment on Phosphorus
Unsprayed Versus Sprayed by Quadrat Location. Phosphorus levels in the unsprayed
areas o f the study plot were higher than phosphorus levels in the sprayed areas at all three
quadrat locations (Table 109). The differences, however, were not statistically significant,
indicating that the herbicide treatment has had no effect on phosphorus levels.
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Table 109. Phosphorus levels (mg/kg) comparing spaced unsprayed and sprayed areas, by
quadrat location, on the Targhee study site.
Q u a d ra t
L o c a tio n

Soaced
U n so ra v ed

S praved

B o le

1 5 .4

1 1 .9

D r ip lin e

1 4 .0

1 2 .7

M id p o in t

1 3 .7

1 1 .7

Sprayed Versus Unspaced Regeneration by Quadrat Location. The phosphorus levels
in the sprayed areas at all three quadrat locations were higher than phosphorus levels in the
unspaced naturally regenerated stand (Table HO). Since the differences in phosphorus levels
between the sprayed areas and the unspaced naturally regenerated stand were not statistically
significant, the data suggests that the herbicide treatment has had no effect on phosphorus
levels.

Table HO. Phosphorus levels (mg/kg) comparing spaced unsprayed areas, by quadrat
location, with an unspaced naturally regenerated stand on the Targhee site.
Q u a d ra t

Spaced

U n sp a ced

L o c a tio n

S oraved

R e g e n e r a te d

B o le

1 1 .9

8 .7

D r ip lin e

1 2 .7

1 1 .4

M id p o in t

1 1 .7

9 .8

Unsprayed Versus Sprayed by Spacing Interval. Phosphorus levels in the 5.4m tree
spacing interval stand were slightly higher in the sprayed areas than in the unsprayed areas o f
the study plot. In the 1.8m and 3.6m tree spacing interval stands, phosphorus levels were
higher in the unsprayed areas than in the sprayed areas o f the Targhee study site (Table 111).
The differences in phosphorus levels between the unsprayed and sprayed areas o f the 3.6m
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tree spacing interval stand were statistically significant. This suggests that herbicides may
have had an effect on phosphorus levels in intermediately spaced lodgepole pine stands.

Table 111. Phosphorus levels (mg/kg) comparing spaced unsprayed and sprayed areas, by
tree spacing interval on the Targhee study site.
S p a c in g
In te r v a l

Snaced
U n sn ra v ed

Snraved

1 .8 m

1 1 .9

1 0 .3

3 .6 m

1 6 .9 a

1 1 .3 a

5 .4 m

1 4 .3

1 4 .7

a-significant difference between Unsprayed & Sprayed

Spraved Versus Unspaced Regeneration. Phosphorus levels were higher in the
sprayed areas in all three tree spacing interval stands than phosphorus levels in the unspaced
naturally regenerated stand (Table 112). The 5.4m tree spacing interval stand exhibits a
statistically significant difference in phosphorus levels between the sprayed areas and the
unspaced naturally regenerated stand. This significant difference indicates that in widely
spaced lodgepole pine stands the herbicide treatment may have affected phosphorus levels.

Table 112. Phosphorus levels (mg/kg) comparing spaced sprayed areas with an unspaced
naturally regenerated stand on the Targhee study site.
S p a c in g

Spaced

U n sp a ced

In terv a l

Snraved

R e g e n e r a te d
9 .7 3

1 .8 m

1 0 .3

3 .6 m

1 1 .3

9 .9 1

5 .4 m

1 4 .7 c

9 .7 4 c

c-significant difference between Sprayed S c Unspaced Regenerated

j

88

Effects o f Tree Harvest on Potassium
Unsprayed Versus M ature. Potassium levels in the mature stand were higher than
potassium levels in the unsprayed areas in all three tree spacing interval stands (Table 113).
The high levels o f potassium in the mature stand may be the result o f decomposition and
mineralization o f the organic matter over a longer period o f time than in the disturbed
unsprayed regenerated areas o f the study plot. The statistically significant differences in
potassium levels between the mature stand and the unsprayed areas indicates that tree harvest
does affect potassium levels.

Table 113. Potassium levels (mg/kg) comparing spaced unsprayed areas with a mature stand
on the Targhee study site.
S p a c in g

S paced

In te r v a l

U n sn ra v ed

M a tu r e

1 .8 m

124d

168d

3 .6 m

125d

166d

5 .4 m

129d

166d

d-significant difference between Unsprayed & Mature

Sprayed Versus M ature. Potassium levels in the mature stand were higher than
potassium levels in the sprayed areas in all three tree spacing interval stands (Table 114). The
high levels o f potassium in the mature stand may be the result o f decomposition and
mineralization of the organic matter over a longer period o f time than in the disturbed sprayed
regenerated areas o f the study plot. The statistically significant differences in potassium levels
between the mature stand and the sprayed areas indicates that harvesting timber does affect
potassium levels.
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Table 114. Potassium levels (mg/kg) comparing spaced sprayed areas with a mature stand
on the Targhee study site.
S p a c in g

Spaced

In te r v a l

S n raved

M a tu r e

1 .8 m

109e

3 .6 m

132e

166e

5 .4 m

121e

166e

168e

e-significant difference between Sprayed & Mature

Effects o f Spacing Treatment on Potassium
Unsprayed Areas. Potassium levels near the bole and at the midpoint increased as tree
spacing intervals increased in the unsprayed areas o f the Targhee study site (Table 115). At
the dripline potassium levels were highest in the 1.8m tree spacing interval stand and lowest
in both the 3.6m and 5.4m tree spacing interval stands. Since the differences in potassium
levels between tree spacing interval stands were not statistically significant, the data indicates
that the density o f lodgepole pine stands does not affect potassium levels.

Table 115. Potassium levels (mg/kg) in each tree spacing interval, by quadrat location, for
unsprayed on the Targhee study site.
Q u a d ra t

U n s n r a v e d S n a c in g In terv a l

L o c a tio n

L 8m

3 .6 m

5 .4 m

B o le

129

136

145

D r ip lin e

125

117

117

M id p o in t

114

119

123

Sprayed Areas. The spatial distribution pattern in the sprayed areas o f the study plot
vary from quadrat location to quadrat location. At the midpoint potassium levels increased
as tree spacing intervals increased (Table 116). N ear the bole and at the dripline, potassium
levels were highest in the 3.6m tree spacing interval stand and lowest in the 1.8m tree spacing

90
interval stand. The differences in potassium levels between tree spacing interval stands at the
dripline were statistically significant, suggesting that spacing interval does have an effect on
potassium levels in herbicide treated areas.

Table 116. Potassium levels (mg/kg) in each tree spacing interval, by quadrat location, for
sprayed areas on the Targhee study site.
Q u a d ra t

S n r a v e d S n a c in e In te r v a l

L o c a tio n

1 .8 m

3 .6 m

B o le

114

143

132

D r ip lin e

104d

132de

105e

M id p o in t

112

119

124

d-significant difference between 1.8m & 3.6m

5 .4 m

e-significant difference between 3.6m & 5.4m

Unsprayed Versus Unspaced Regeneration. The potassium level in the unspaced
naturally regenerated stand was higher than potassium levels in the unsprayed areas o f the
1.8m and 3.6m tree spacing interval stands on the study site (Table 117). The levels o f
potassium were higher in the unsprayed 5.4m tree spacing interval stand than in the unspaced
naturally regenerated stand.

No statistically significant differences in potassium levels

occurred between the spaced stands and the unspaced naturally regenerated stand, indicating
that spacing treatment has had no effect on potassium levels.

Table 117. Potassium levels (mg/kg) comparing spaced unsprayed areas with an unspaced
naturally regenerated stand on the Targhee study site.
S p a c in g

Spaced

In terv a l

U n sn raved

R e g e n e r a te d
13 1

U n sp aced

1 .8 m

123

3 .6 m

125

127

5 .4 m

129

126
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Effects o f Distance from the Tree on Potassium
Unsprayed Areas. Li the 1.8m tree spacing interval stand potassium levels decreased
along the bole to midpoint transect (Table 118), indicating the presence o f sequential radial
pattern. The evidence for radial pattern, however, is considered weak since the differences
in potassium levels between quadrats are not statistically significant. In the 3.6m and 5.4m
tree spacing interval stands the high levels o f potassium occurred near the bole, while the low
levels occurred at the dripline. Nonsequential radial pattern is indicated in these two tree
spacing interval stands. While the evidence is weak in the 3.6m tree spacing interval stand,
because significant differences are not found, the evidence for nonsequential radial pattern is
stronger in the 5.4m tree spacing interval stand, because there is a statistically significant
difference between potassium levels near the bole and at the dripline.

This significant

difference may also suggest that distance from the trunk o f the tree has effected potassium
levels in the wide tree spacing interval stand.

Table 118. Potassium levels (mg/kg) in each tree spacing interval along the bole to midpoint
transect for unsprayed areas on the Targhee study site.
Q uadrat

____________ U n s p r a v e d S p a c in g In te r v a l

L o c a tio n

1 .8 m

3 .6 m

B o le

129

136

145a

D r ip lin e

125

117

117a

M id p o in t

114

119

123

5 .4 m

a-significant difference between Bole & Dripline

Sprayed Areas. The spatial distribution pattern in the sprayed areas o f the study plot
vary from tree spacing interval to tree spacing interval. In the 1.8m and 5.4m tree spacing
interval stands the high potassium levels occurred near the bole, while the low potassium
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levels occurred at the dripline (Table 119), indicating the presence o f nonsequential radial
pattern. The evidence in the 1.8m tree spacing interval stand is considered weak since the
differences in potassium levels between quadrats are not statistically significant, but the
evidence in the 5.4m tree spacing interval stand is considered strong, because differences in
potassium levels between quadrats are statistically significant. In the 3.6m tree spacing
interval stand potassium levels decreased along the bole to midpoint transect. This spatial
distribution pattern indicates sequential radial pattern, and since there is a statistically
significant difference between potassium levels near the bole and at the midpoint, the evidence
for radial pattern is considered strong in the intermediate tree spacing interval stands. Here,
in the sprayed areas o f the study plot, the significant differences in the two wider tree spacing
interval stands, suggest that spacing interval does affect potassium levels.

Table 119. Potassium levels (mg/kg) in each tree spacing interval along the bole to midpoint
transect for sprayed areas on the Targhee study site.
Q u a d ra t

S o r a v e d S o a c i n s In te r v a l

L o c a tio n

1 .8 m

3 .6 m

5 .4 m

B o le

114

143c

132a

D r ip lin e

104

132

105a

M id p o in t

112

119c

124

a-significant difference between Bole & Dripline

c-significant difference between Bole & Midpoint

Unsprayed Versus Unspaced Regeneration. The potassium levels were higher near
the bole and at the dripline in the unspaced naturally regenerated stand than in the unsprayed
areas o f the study plot (Table 120). At the midpoint the potassium levels in the unsprayed
areas were slightly higher than in the unspaced naturally regenerated stand. Potassium levels
in the unspaced naturally regenerated stand decreased along the bole to midpoint transect.
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indicating the presence o f radial pattern.

The evidence for radial pattern, however, is

considered weak since the differences in potassium levels between quadrats were not
statistically significant. Since the differences are not statistically significant, the data shows
that distance from the tree does not affect potassium levels. In the unsprayed areas the
potassium level near the bole was significantly higher than the potassium level at both the
dripline and midpoint. This evidence suggests that distance from the trunk o f the tree does
affect potassium levels.

Table 120. Potassium levels (mg/kg) comparing spaced unsprayed areas, by quadrat location,
with an unspaced naturally regenerated stand on the Targhee study site.
Q u a d ra t

Spaced

U n sp a ced

L o c a tio n

U n sp raved

R e g e n e r a te d

B o le

137ac

138

D r ip lin e

120a

129

M id p o in t

120c

118

c-significant difference between Bole & Midpoint

a-significant difference between Bole & Dripline

Effects o f Herbicide Treatment on Potassium
Unsprayed Versus Sprayed by Quadrat Location. Potassium levels in the unsprayed
areas o f the study plot were higher than in the sprayed areas (Table 121) at all three quadrat

Table 121. Potassium levels (mg/kg) comparing spaced unsprayed and sprayed areas, by
quadrat location, on the Targhee study site.
Snaced

Q u a d ra t
L o c a tio n

U n sn raved

Snraved

B o le

137

131

D r ip lin e

120

113

M id p o in t

120

118
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locations. The differences, however, were not statistically significant, indicating that the
herbicide treatment has had no effect on potassium levels.
■ Sprayed Versus Unspaced Regeneration by Quadrat Location. The potassium levels
were higher near the bole and at the dripline in the unspaced naturally regenerated stand than
in the sprayed areas of the study plot (Table 122). The potassium levels in the sprayed areas
w ere the same as in the unspaced naturally regenerated stand. Since the differences in
potassium levels between the two stands were not statistically significant, the data indicates
that the herbicide treatment has no effect on potassium levels.

Table 122. Potassium levels (mg/kg) comparing spaced sprayed areas, by quadrat location,
with an unspaced naturally regenerated stand on the Targhee study site.
Q u a d ra t

Spaced

U n sp aced

L o c a tio n

S nraved

R e g e n e r a te d

B o le

13 1

138

D r ip lin e

113

129

M id p o in t

118

118

Unsprayed Versus Sprayed by Spacing Interval. In the 3.6m tree spacing interval
stand potassium levels were higher in the sprayed areas than in the unsprayed areas. The
levels o f potassium in the 1.8m and 5.4m tree spacing interval stands were higher in the
unsprayed areas than in the sprayed areas o f the study plot (Table 123). The difference in
potassium levels between the unsprayed and sprayed areas of the 1.8m tree spacing interval
stand was statistically significant, suggesting that in narrow tree spacing intervals, the
herbicide treatment may have had an effect on potassium levels.
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Table 123. Potassium levels (mg/kg) comparing spaced unsprayed and sprayed areas, by tree
spacing interval on the Targhee study site.
S p a c in g
In te r v a l

Spaced
U n sn raved

Snraved

1 .8 m

123a

3 .6 m

125

132

5 .4 m

129

121

108a

a-significant difference between Unsprayed & Sprayed

Sprayed Versus Unspaced Regeneration. Potassium levels in the sprayed 3.6m tree
spacing interval stand were higher than potassium levels in the unspaced naturally regenerated
stand. The potassium level in the unspaced naturally regenerated stand was higher than
potassium level in the sprayed areas o f the 1.8m and 5.4m tree spacing interval stand on the
study site (Table 124). The statistically significant differences in potassium levels between
the 1.8m tree spacing interval stand and the unspaced naturally regenerated stand, suggest
that in dense stands o f lodgepole pine, herbicide treatment has had an effect on potassium
levels.

Table 124. Potassium levels (mg/kg) comparing spaced sprayed areas with an unspaced
naturally regenerated stand on the Targhee study site.
S p a c in g

Spaced

U n sp aced

In terv a l

Snraved

R e g e n e r a te d

1 .8 m

108c

131c

3 .6 m

132

127

5 .4 m

12 1

126

c -s ig n ific a n t d iffe re n c e b e tw e e n S p r a y e d & U n s p a c e d R e g e n e ra te d
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SUMMARY AND CONCLUSIONS

Two established USDA Forest Service research sites were used to investigate the
influence of various lodgepole pine spacing intervals on five soil characteristics. Each single
tre e exerts an influence on understory vegetation, and both the tree and the understory
influence soil characteristics. The primary objectives o f this study were to I) determine and
evaluate soil characteristics as influenced by individual trees and the associated understory
vegetation in various tree spacing intervals, 2) determine and evaluate differences in the soil
characteristics resulting from prior herbicide treatment in various tree spacing intervals, 3)
determine the existence o f spatial variation resulting in radial pattern, and, 4) determine the
change in soil characteristics caused by timber harvest and site preparation.
Results o f this study show that individual trees do exert an influence, directly or
indirectly, on soil characteristics. But results did not show overwhelming predictable patterns
for any soil characteristic. In fact, effects from various treatments were few, perhaps because
the stand is young and soil characteristics in the upper portion o f the mineral soil have not had
time to develop. Radial pattern was assumed to be present, but strong evidence for it was
limited.
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Lewis and Clark Site

The effects o f tree harvest were measured by comparing soil parameter differences
between younger regenerated stands and mature stands. Very few differences were found,
and those that did occur were usually between the narrow tree spacing interval stand and the
/

mature stand. Potassium differences occurred most often, followed by percent organic matter
and phosphorus. In the unsprayed areas tree harvest caused a reduction in both the potassium
level and the percent organic matter in the 1.8m tree spacing interval stand. In the sprayed
areas tree harvest reduced levels o f percent organic matter, potassium, and phosphorus in the
1.8m tree spacing interval stand. Tree harvest also reduced phosphorus and potassium in the
sprayed 5.4m tree spacing interval stand. Nitrate-nitrogen and pH showed no effects from
timber harvest in either the unsprayed or sprayed areas o f the study plot.
The effects of tree spacing intervals were measured in two ways. First, comparisons
were made across tree spacing intervals at each quadrat location. Significant differences in
potassium levels were found at all three quadrat locations in the unsprayed areas of the study
plot. The trend is for higher potassium levels in the wider tree spacing interval stand than in
the 1.8m tree spacing interval stand. In the unsprayed areas tree harvest significantly reduced
phosphorus levels in the narrow tree spacing interval stand. In the sprayed areas a reduction
in phosphorus levels was found in both the 1.8m and 5.4m tree spacing interval stand
compared to phosphorus levels in the 3.6m tree spacing interval stand. Higher nitratenitrogen levels were found in wider tree spacing interval stands at the midpoint in the sprayed
areas and near the bole in the unsprayed areas. In the unsprayed areas percent organic matter
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was highest in the wider tree spacing interval stands at the dripline and midpoint. No
significant differences were expressed in pH levels at any quadrat location.
The effects o f spacing intervals were also measured by comparing the spaced
unsprayed areas with the unspaced naturally regenerated stand. In this comparison potassium
levels were reduced in the 1.8m tree spacing interval stand, but were increased in the 5.4m
tree spacing interval stand. Percent organic matter was increased by the wide tree spacing
interval stand, and pH decreased in the 1.8m tree spacing interval stand. Spacing interval had
no affect on nitrate-nitrogen or phosphorus.
All o f the significant changes in the levels o f soil characteristics, as distance from the
bole o f the tree increased, occurred in the wider tree spacing interval stands. In the sprayed
areas potassium levels were significantly higher near the trunk than at greater distances from
the tree both the 3.6m and 5.4m tree spacing interval stands. This same trend occurred only
in the 3.6m tree spacing interval stand in the unsprayed areas. Increasing distance from the
tree had a negative effect on percent organic matter in the wide sprayed spacing intervals.
Phosphorus differences were found only in the 3.6m tree spacing interval stand where levels
were significantly reduced at the dripline compared to near the bole and at the midpoint.
Distance from the trunk o f the tree had no effect on phosphorus and percent organic matter.
Radial pattern probably occurs for every soil parameter analyzed. Radial pattern was
classified as either sequential or nonsequential. The evidence for either type was considered
either strong or weak, depending on the occurrence o f statistically significant differences. In
the sprayed areas strong radial pattern occurred for potassium in both the 3.6m and 5.4m tree
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spacing interval stands, for phosphorus in the 3.6m tree spacing interval stand, and for percent
organic matter in the 5.4m tree spacing interval stand.
The effects o f the herbicide treatment was measured by comparing differences
betw een unsprayed and sprayed areas, as well as by comparing the sprayed areas with the
unsprayed naturally regenerated stand. Very few herbicide effects appeared. M ost o f the
significant effects were found by comparing unsprayed and sprayed areas by spacing interval.
Here, significant differences occurred only in the 5.4m tree spacing interval stand for percent
organic matter, phosphorus, and potassium, where all three experienced a detrimental effect
from the herbicide treatment. The comparison o f sprayed areas by spacing interval with the
unspaced naturally regenerated stand revealed that phosphorus levels were detrimentally
effected by spraying in the narrow tree spacing interval stand. There were no effects from
herbicide treatment on any soil parameter by comparing the unsprayed area with the sprayed
area, or comparing the sprayed area, by quadrat location, with the unspaced naturally
regenerated stand.

Targhee Site

Tree harvest (differences between regenerated and mature stands) had the greatest
effect on phosphorus and potassium in both the unsprayed and sprayed areas. Tree harvest
had a detrimental effect on phosphorus in both the 1.8m and 5.4m tree spacing interval stands,
and also on the wider tree spacing interval stands in the sprayed areas. Potassium was
detrimentally effected in both the unsprayed and sprayed areas o f all three tree spacing
interval stands. In the sprayed areas nitrate-nitrogen showed a beneficial effect from tree
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harvest in the narrow tree spacing interval stands. Levels o f pH were significantly higher in
the wider spacing intervals o f the sprayed areas o f the study plot. There were no effects o f
tree harvest on percent organic matter.
Few effects from spacing treatment on soil parameters were found when comparisons
were made across tree spacing intervals at each quadrat location. In the unsprayed areas pH
was significantly more acidic in the 1.8m tree spacing interval stands than in the 5.4m tree
spacing interval stand near the bole. Also in the unsprayed areas phosphorus at the dripline
was detrimentally effected by narrow spacing intervals. In the sprayed areas percent organic
matter and potassium in the 3.6m spacing interval were significantly higher than the other two
tree spacing interval stands at the dripline. The trend was for higher nitrate-nitrogen levels
in the narrow tree spacing interval stands at all three quadrat locations, especially at the
dripline and midpoint.
The effects o f spacing intervals, by comparing the spaced unsprayed areas with the
unspaced naturally regenerated stand, revealed several differences. In this comparison percent
organic matter was beneficially affected by the 3.6m tree spacing interval stand, while
phosphorus was beneficially affected by both the 1.8m and 5.4m tree spacing interval stands.
The levels o f pH in both the 1.8m and 3.6m tree spacing interval stands. Spacing interval had
no effect on nitrate-nitrogen.
Only a few significant effects o f distance along the bole to midpoint transect occurred.
G reater distances from the tree negatively affected potassium in the unsprayed 3.6m tree
spacing interval stand. N ear the bole percent organic matter was beneficially affected by
narrow tree spacing intervals. In the sprayed areas greater distances from the tree also

101
negatively affected potassium in both the 3.6m and 5.4m tree spacing interval stands. Nitratenitrogen, however, was beneficially affected by greater distance from the tree in the narrow
tree spacing interval stands. Distance from the bole o f the tree had no effect on phosphorus
and pH in either the unsprayed or sprayed areas. Strong evidence for radial pattern occurred
in the sprayed 3.6m and 5.4m tree spacing interval stands, as well as the unsprayed 5.4m tree
spacing interval stand for potassium. Evidence for radial pattern was also strong in the
unsprayed 1.8m tree spacing interval stand for percent organic matter and in the sprayed 1.8m
tree spacing interval stand for nitrate-nitrogen.
The herbicide treatment had few effects on percent organic matter and where
significant effects (near the bole and in the 5.4m tree spacing interval stand) did occur the
percent organic matter in the sprayed areas were lower than in the unsprayed areas. Percent
organic matter was also significantly higher in the 3.6m tree spacing interval stand than in the
unspaced naturally regenerated stand. Levels o f pH were more acidic in the sprayed areas
than in the unsprayed areas near the bole and at the midpoint, and in both the 1.8m and 3.6m
tree spacing interval stands. Nitrate-nitrogen was positively affected by spraying treatment
at the midpoint and in the 1.8m tree spacing interval stand. The herbicide treatment also had
few effects on phosphorus and potassium levels. Phosphorus was adversely effected by the
spraying treatment in the 3.6m tree spacing interval stand, but phosphorus in the sprayed 5.4m
tree spacing interval stand was higher than phosphorus in the unspaced naturally regenerated
stand. Potassium was detrimentally affected by the herbicide treatment when compared with
the unsprayed 1.8m tree spacing interval stand and the unsprayed naturally regenerated stand.
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