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B.

INTRODUCTION

Forest soill managerent preactices ere becoming an in-
creasingly important pert of the forester's silvicultural
program. During recent years much attention has been given
to studying the influence of vegetation upon the development
and nutrient contert of the soll. In fact, climate and vege-
tation ére considered the two most important soil forming
factors, which essentially govern soil development. Climate
for any given locality, of course, is reiatively constant
and not subject to significant change by man. Vegetation,
however, can be controlled by the forester. Regulation of
soill conditions through control of the forest cover type is
apparently the way by which the forester can achieve the
best results in forest soil meanagement.

Vegetation influences soil development by adding to the
soill organic meterials, thet during the process of decaying,
support a complex chain of soil flora and fauna. Nutrient
content, chemical composition, physical condition, and
blological properties of soill are there by modified by the
type of vegetation., Stand development, yield, end deter-
loration or improvement of site conditions may depend upon
the particular forest type occupying the site. To determine
the influence of forest cover types on nitrogen and organic
content of a soil is the object of this study.

If there occurred a naturally uniform soil, bearing
pure stands of various species, it would be & relatively

simple procedure to samplie and compare the effects of the
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various species npdn the soil, Due to the usual mixture of
species and to the great variations in soil characteristies,
few such samples, however, can be found under naturel condi-
tions, even within what may appear to be a uniform environ-
ment.

The ideal situation for studying the effect of different
tree species on so0il conditions would be a uniform soil envi-
ronment upon which pure stands of the different species had
been planted. Such a situation is very olosely approximated
in what is known as the Sandhill Plantation at Michigan State
College, East Lansing, Miochigan. The Sandhill Plantation, of
relatively uniform soil environment, was planted in 1914 to

five different species of conifers.
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SANDHILL PLANTATION

In 1913 Michigan State College purchased the Woodbury
farm which contained what is now known as the Sandhill Plane
tation. The land originally was cultivated, but because of
the sandy character of the soil there was considerable wind
movement of the soil particles. A ridge of windblown sand,
approximately 125 feet wide and 1000 feet long, was formed.
This ridge extends in an east-west direction just south of
Demonstration Hall, The sand, having blown from the south
to form the ridge, is deepest on the south side, the crest
of the ridge being close to that side of the plantation.
There is a gradual slope to the north, the sand ranging in
depth from about fifteen feet at the orest to about three
feet on the north side. Throughout the length of the sandy
ridge there are only minor differences in elevation.

In 1914, for the purpose of preventing wind erosion of
the sand area, planting was begun, Straw mulch was used at
that time to stabilize the soil, and there has been little
movement of soil particles since. Through formation of a
good canopy and litter development, the plantation has effece

tively stabilized the soil.
SOIL

The soil of thg Sandhill Plantation is olassified as
medium sand. A mechanical analysis of the soil gives the
following composition:



Se

Soil Partiocle Size Per Cent Composition
sand , 95.0
ailt 2.8
clay 2.2

The moisture equivalent of this soil is 66%; the wilting
point is 3.1%; and the maximum water holding capacity is 30.8%.

The sand soil is relatively uniform in composition through-
out the plantation and is underlain by a gravelly silt loam
soil. The sand is not compact, nevertheless, there is little
evidence of earthworms, burrowing rodents, or insect larvae,
but in the organic surface layers conditions are more favor-
able for their presence. Throughout the litter and to consid-
erable soil depth, mycelial threads of fungus were interwoven.
Several of the fungus species formed mycorrhizae on the tree
roots,

PLANTATIONS

The Sandhill Plantation is composed of stands of five
species. Beginning at the east end of the plantation, there
are stands of ponderosa pine (Pinus ponderosa Laws), Norway
spruce (Picea excelsa L.), white pine (Pinus strobus L.),
red pine (Pinus resinosa Ait), and Douglas fir (Pseudotsuga
taxifolia (Lamarok) Britt). All species wers set out as
transplant stock in 1914 and were spaced 4x4 feet. Survival
was almost complete and growth rapid. Thus, at an early date,
an effective canopy was formed and litter began to accumulate
on the forest floor. Thinnings were made in 1933, 1936, and
1937, under the direction of the Forestry Department of Mich-
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igan State College. Approximately 40% of the total number of
trees were removed by thinning from bslow,

The stands, in all cases, are well stocked allowing only
very small openings. Canopy density, competition, and litter
acocumulation have been sufficient to prevent most herbaceous
growth. Occasional annual weeds are the only plants which
form living ground cover.

Limited sunlight on the forest floor, prior to the thin-
nings, aided in the acocumulation of litter.

COLLACTION AND COMPILATION OF DATA

There are two types of habitat represented by the Sandhill
Plantation, namely; the ridge and slope types. The ridge type
is the more exposed, drier site. The slope type is the shel-
tered, moist, north facing site. Henoe aspeot is one of the
environmental factors that causes variation in vegetation grow-
ing on an otherwise uniform area.

Two species, Douglas fir and red pine, which occur at the
west end of the plantation, have only the ridge type represented.
Study plots for these two species, therefore, were taken only
in the ridge type. For ponderosa pine, Norway spruce and white
Pine, data were taken for both the ridge and slope types.

METHODS OF COLLECTION

For the slope type, soil samples were taken at the miad-
point of the slope and for the ridge type on the orest of the
ridge, thirty feet from the south border of the plantation.
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In collecting samples, soil profiles were made by digging
trenches to depths of maximum root penetration. Representa-
tive samples of the various horizons were obtained by sampling
each entire horizon and mixing thoroughly the soil for each
sample. Two such sampling areas were taken for each slope and
ridge type to be later combined, by horizons, for analysis,

Variation in depth of surface organic layers was very
apparent, For that reason five measurements were taken in
such type.

Root distribution and penetration were determined from
the profiles made for each type. The number of roots occur-
ing in the various horizons was noted.

Growth of trees on ridge and slope types was determined
from plots of twenty trees, each containing two ad jacent
rows of ten trees for each type. The growth plots and the
80il samples were taken from the same area. Diameters were
measured with a diameter tape, and heights with a Forest
Service hypsometer, ochecked by measurement of felled trees,

Standard volume tables were used to determine volumes,
METHODS OF ANALYSIS

Total nitrogen was determined by the Kjeldahl-Gunning
method as outlined in Methods of Analysis (2).

Organic matter was determined by the ignition method.
Aocoording to Griffith, Hartwell, and Shaw (11), this method
gave acourate results in New England soils with low carbonate

content.
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Waksman (34) refers to Mulder who stated that the loss
in weight on ignition includes also a considerable amount
of chemically combined water not driven off during the prelim-
inary drying of the soil. Criticism of this method is given
by Waksman in the following quotation: ™The loss in weight
on ignition includes also a considerable amount of chemically
combined water not driven off during the preliminary drying
of the soil. It is now well established that the water pre-
sent in the s0il colloids and in oclay minerals (water of cone
stitution) as well as water of hydrated minerals (water of
orystallization) of the zeolite type are included in the loss
on ignition®,

Alexander and Byers (1) have stated that soil when
heated by the ignition method showed loss of water due to
dehydrated minerals of the mica and zeolite type, as well as
"water of constitution™ or water present in colloids and clay
iaterials. However, since the plantation soils contained
practically no carbonate or colloidel material, the ignition
method gave sufficiently accurate results for the purpose of
this study. |

All soil samples for laboratory work were put through a
forty mesh sieve to pulverize the small roots and other organio
material., To obtain the desired accuracy in results, it was

found necessary to use 20-30 gram samples instead of the 5-10

gram samples recommended in Official and Tentative Methods
of Analysis (2).
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RELIABILITY OF DATA

In the total nitrogen determinations an attempt was
made to keep the average deviation below + .,005 per cent.

By using the larger triplicate samples, this accuracy was
obtained. The larger samples were desirable, also, in view
of the very low nitrogen content of some of the soil samples,
Results, varying by more than % .005 per cent, were checked
by duplicating the determinations.

The average mean deviation of organic matter determina-
tions is & ,023 per cent. This is within the accepted limits
of error due to sampling and weighing. The standard devia-
tion of % ,037 per cent is higher because of the greater am=-
ount of organic matter in the surface soil layers, thus in-

ocreasing the error in sampling.
REVIEW OF LITERATURE

The decay and deterioration of vegetation, when it falls
on the ground, gives soil characteristics that are comparable
with the chemical constituents of the cover type. Jenny (17)
has found that, of the soil forming factors, vegetation is
8©&cond only to oclimate in its importance in influencing the

01 trogen content of soils. Biological aotivity and leaching
ni > organic matter into the soil, forming a relationship be-
twe en vegetation and soil organic matter.

It has been found that (30, 29, 20, 19, 17) a ratio

XX sts between organio matter and nitrogen in the soil.
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Russell and MoRuer (29) found a definite ratio between organ-
ic matter and nitrogen content in virgin grassland soils.
Their organic mattern-nitrogen ratio for 0-6 inch and 7-12
inoh samples was 20.8 and 19.3, respectively. They implied
that the same general conclusions could be reached whether
organic matter or nitrogen was determined. Further study by
Waksman (34), Leighty and Shorey (19), and others has shown
that multiplying the nitrogen content by a factor of twenty
is not reliable for the purpose of calculating organic matter
content.

While not all of the investigators have found that the
organic matter and carbon-nitrogen ratios are represented by
a constant value, the work of Morgan and Lunt (26) and Lunt
(20, 21) showed that there was a carbon-nitrogen ratio which
varied considerably between individual horizoms. Jenny (17)
states that under low temperatures the composition of the
organic matter of soll approaches that of the undecayed mat-
erials. In temperate regions, the carbon-nitrogen ratio tends
toward a constant value of ten to twelve; while in the original
plant materials, the ratio varies between sixteen and two hune
dred. One would not expect the carbon-nitrogen ratio to be
absolutely constant, in that it becomes wider as one goes
from south to north.

Recently some studies have been made on the relation of
total soil nitrogen content to site productivity. Hicook,
et al. (16), found that the total nitrogen content of the

Aj -2 horizons showed a better correlation with site index
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than other factors analyzed. In reviewing various studies

of site quality, he found that Von Flackenstein showed a
striking positive correlation between nitrogen content of

the topsoil and "quality class", or yield capacity, in
forests on sandy soils in northern Germany. A method of site
evaluation for yellow poplar has been developed by Auten

(3) and is based on the depth of organic matter incorporation
or what is called depth of the undisturbed Al soil horizon.
The many factors under consideration are so interrelated and
complex that it is difficult to attribute a good site index
to any one factor.

The formation of soil horizons, each varying in chemiocal
characteristics and physical composition is influenced by
organic surface layers (34) that supplys substances essential
for the process of eluviation with resulting illuviation in
the B horizon.

According to Marbut (24) there is a rapid decrease in
organio matter content of the gray-brown podsolic forest
soils with inoreasing depth, and the percentage of organic
matter is very low at shallow depth.

Information on the nitrogen content of the leaves of
various tree species is very limited in this country. How=-
ever, Coile (9), Alway and Zon (7), Alway, Kittredge, and
Methley (4), and a few others have made leaf analyses of a

number of species. They have found that the amount of nitro-
gen in leaves varies between species and, in litter, is affeo-

ted by the amount of weathering as well as by the species

concerned, The decomposition of leaves making up the litter
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determines, in a large part, the nitrogen found in the soil
and the humus. The nature and rate of decomposition, accord-
ing to Waksmen (32), Melin (25), and Tenny and Waksman (30),
depends upon the environmental conditions, micro-organisms
present, chemical composition of plant material, age of
plant, and nature and amount of available nitrogen, phos-

phorus, and other nutrients in the soil.
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LABORATORY ANALYSES

The purpose of laboratory analyses is to ald in determ-
ining the extent to which soil conditions are modified by
the influence of vegetation. While field observations and
measurements serve as an indication of conditions under dif-
ferent forest cover types, the determination of actual nitro-
gen and organic matter content is necessary for accurate def-

inition of soil differences under various stands of trees.
NITROGEN CONTENT

Table I gives the nitrogen content at various depths on
ridge and slope soil types for the five tree species considered
in this study. Soil nitrogen values in general are very low;
values for litter, however, are normal. It was found that
white pine litter had the highest nitrogen content, 1.848%,005
per cent, followed, in decreasing order, by Norway spruce,
Douglas fir, ponderosa pine, and red pine. Red pine litter
has a nitrogen content of only .922%,023 per cent, which is
distinotly lower than for the other species and less than
half the value for white pine litter. Alway, Kittredge, and
Methley (4) also found a large difference between nitrogen
of litter under red and white pine cover types.

It is known that leaves of different tree species vary
in mineral and nitrogen content. Studies by McHargue and
Roy (23) and Alway, et. al. (5) show that before leaves fall

the nitrogen content deoreases. Leaching of leaves after
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falling, removes water soluble materials, leaving organic
matter that is more resistant to decomposition. In this
study the litter was collected for analysis in early summer,
after being sub jected to weathering over winter. Since all
litter was subject to the same conditions, the results should
be oomparable, They are in agreement with data obtained by
Alway, Methley, and Younge (6) who found, in their study of
forest floors, that by using the nitrogen of maple-basswood
litter as 100, white pine litter would have a nitrogen con-
tent of 75, and red and jack pine litter a nitrogen content
of 22 to 45. |

Nitrogen content of the mineral soil is shown to de-
orease rapidly with depth. Maximum nitrogen content of min-
eral soll occurs in all cases in the 0-1 inch depth elass,
deocreasing in the 35-40 inch depth class to values from 10
to 35 per cent. There are marked differences in nitrogen
content. This is evident in ridge and slope samples of the
same type and, also, distinot in ridge and slope samples of
different species. In general, the slope type shows higher
nitrogen content than the ridge type. The highest value is
found in the 0-1 inch horizon on the ridge type under Norway
spruce. Norway spruce has the second highest nitrogen con-
tent of the litter, white pine having the higher value. The
decrease of nitrogen content is very rapid in the case of
Norway spruce, however, and the lowest value obtained is in
the 35-40 inch horizon under this species, in which the ni-
trogen ocontent is only .0071 per cent.
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The important variations in nitrogen content appear to
be due mainly to species forming the cover type, although the
signifiocance can probably be attributed to the quantity and
quality of the litter,

In comparing the slope types, the white pine soil has
distinotly the highest average nitrogen content, followed
by ponderosa pine and Norway spruce. Nitrogen content is
better maintained in the deeper layers in white pine and
ponderosa pine than in Norway spruce, which shows a rapid
decrease in nitrogen content with increased depth. This may
be due to the relatively thin layer of surface organic mater-
ial under Norway spruce which would result in smaller yields
of nitrogen.

Falooner, Wright and Beal (10), in their study of decom-
position of certain types of forest litter, found that an in-
ocrease in lignin content decreases the rate of decomposition,
It was determined that Jjack pine wood had a higher lignin
content than white pine. Theyconcluded, also, that white
pine twigs decayed twice as rapidly as red pine and four
times as rapidly as jack pine; therefore, the rate of decom-
position is a factor that will influence the amount and rate
of nitrogen additions to the soil.

It may further be noted from Table I, that although

there is a decrease in averaege nitrogen content with depth

of layer, the third layer, at 10-14 inches, shows an increase
in nitrogen content of the slope samples, For instence, in

white pine the nitrogen content inoreases from .0527 to .0556
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per cent from the second to the third depth layer, from .0299
to .0367 per cent in Norway spruce, and from .041l1 to .0424
per cent in ponderosa pine. This would indicate that the
slope soils are somewhat podsolized. The third leyer, corres-
ponding to the B} horizon of illuviation, would be expected
to have a higher nitrogen and nutrient content than the
leached horizon, or horizon of eluviation, above it,

Table II, giving the average nitrogen content of slope
and ridge soil samples, further brings out the increase which
occurs from the 24-5% inch layer to the 10-14 inch layer.
Averages of ridge and slope soill samples, however, éhow a

steady decrease with increased depth of layer.
TABLE II

AVERAGE NITROGEN CCNTENT OF SLOPE AND RIDGE SOIL

SAMPLES
o _ Nitrogen
Depth Ridge Slope Average
inches per cent per oeéent per cent
0=1 .05908 «05897 «05902
24-5% }.05970 «04123 »04046
10-14 «02923 «04490 «03706
22-28 .01537 02213 .01875
35-40 .01160 .01653 .014086

Figures I and II present graphically the nitrogen con-
tent of the ridge and slope soills at the different depths.

Figure I gives values under each species and Figure II gives
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average values for ridge and slope types. The trends are
clearly shown by the graphs, partiocularly the incresase in
nitrogen content in the 10-14 inch layer on the slope type

and the great amount of nitrogen in the white pine type.
ORGANIC MATTER CONTENT

The percentage of organic matter, found in the litter
and in the soil at various depths, is shown in Table III,
and grephically illustrated in Figure III. White pine litter
has significantly the lowest organic matter content with 85,
29 per cent, and ponderosa pine highest with 94.34 per oent,
Red pine has the second highest organic matter content, 93.03
per cent. Norwey spruce and Douglas fir have about the same
content, 91.97 and 91.46 per cent. The higher nitrogen and
organic matter content of soil under the white pine is in
agreement with the lower organic matter content, a factor
favoring organic decomposition. The high nitrogen content of
the white pine litter would be an additional factor favoring
decomposition, since Tenny and Weksmen (31) state, that when
the nitrogen content is about 1.7 per cent, it is Jﬁst suffi-
cient to cover the requirements of the micro-organisms active
in decomposition of plant materials.

Organioc matter contents have about the same trend as
nitrogen contents and, likewise,.values are greater on the
slope than on the ridge. They decrease with depth, except
for the increase from the second to the third layer on the

slope. Considerable variation ococurs among the species.
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The more rapid decomposition of the Norway spruce litter is
shown by the high organic matter content in the first layer,
0-1 inch, of mineral soil and in the complete profile. The
thinness of the layer may here be a factor favoring rapid
decomposition of the litter of this species.

The rather uniform decrease in organic matter content
and the concentration zone in the B horizon of the slope soils
are better shown in Table IV and Figure IV, which give the
average organic matter content of slope and ridge soils. The
ridge soils and the average of ridge and slope soils show de-
creasing organic matter content with inocreased depth. The
slope soils, however, show the higher content at 10-14 inch
depths. This soil characteristic, also, is in agreement with
results of Griffith, et. al., (11l) and Lunt (21) who found a
similar concentration of organic matter in the By horizon of

podsol soils.
ORGANIC MATTER=NITROGEN RATIOS

There is considerable variation in the organic matter-
nitrogen ratios in the soils on the Sandhill Plantation.
This may be noted from Table V which gives the organic matter
nitrogen ratios for the various conditions. Values vary from
17 to 56.5, although for all conditions they average close to
30. Lowest ratios appear in the 10-14 inch horizon where oon-
ocentration of nitrogen and organic compounds have accumulated

as a result of soil forming processes.



TABLE IV

AVERAGE ORGANIC MATTER CONTENT OF SLOPE AND RIDGE SOIL SAMPLES

Soil sample _ Organic matter content
Depth Ridge Slope Average
inohes per cent per cent per cent

0-1 1.6290 1.9160 1.7725
23-5% 1.2243 .9942 1.1092
10-14 «6607 1.1637 9122
22-28 «4700 «8629 + 5664

35-40 « 3787 «4250 .4019
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Lunt (29), Morgan and Lunt (26) and Leighty and Shorey
(19) found similar variations in organic matter-nitrogen
ratios, expressed as C:N ratios, in podsol soil types of New
England. Ratios, however, are much higher than those found
by Russell and McRuer (27). A possible cause for higher
ratios may be due to use of the ignition method which increases
loss of water by dehydration of inorganicec soil constitutents,
The loss of water by this method would be compufed as organic
matter.

The low ratios in the 10-14 inch horizon indicate that
the soil forming processes are developing the soils in the
Sandhill Plantation. The soils are weakly podsolized under
the influence of coniferous stands. An explanation of the
lower ratios in the By horizon eappears in the fact that
nitrogen, being subject to rapid leaching, would be easily
carried from the A horizon to the Bl horizon. Waksman (34)
states that limited evidence points to the probability that
humus as a whole is not leached downward, but only certain
constituents are susceptible to movement. This, he states,
can be demonstrated by the fact that although the concentra-
tion of humus and nitrogen diminished with depth in the case
of podsol soils, the nitrogen content of the humus becomes
greater in the lower horizons. This is further substantiated

by organic matter-nitrogen ratios in the Sandhill Plantation.
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Table VI presenting the average organic matter-nitrogen
ratios of slope and ridge samples, gives on the ridge a ratio
of 30.8 at 4 inches and 22,6 at 12 inches. This indicates
that nitrogen has penetrated more rapidly than organic matter,
On the slope the average at four inches is 24,1, whereas,

at 12 inches it is 26.6. On the ridge, organic matter has

penetrated less than on the slope.
TABLE VI

AVERAGE ORGANIC MATTER-NITROGEN RATIOS CF SLOPE
AND RIDGE SAMPLES

Depth in
inches Ridge Slope Average
0-1 275 32,5 30.0
23-5% 30,8 24.1 27.4
10-14 22.6 26.6 24,6
22-28 3065 29.7 30.1
35-40 32.6 24,0 28.6

These organic matter-nitrogen ratios do not compare with
those found by Russell and MocRuer (29) and indicate that soil
forming processes, under conifer plantations, are quite d4if-
ferent from grassland conditions in which the ratios were

very olose to 20 for all horizons. Supporting this fact
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Waksman (34) states several factors that cause wider C:N
ratios in forest soils than in field soils: 1) different
ocomposition of organic materials; 2) different microbiologi-
cal populations (furngi predominate in forest soils while bac-
teria and actinomyces are most abundant in grassland soils);
3) different nutritive requirements of the forest vegetation,

whioh frequently depends upon the activities of mycorrhiza

fungi.
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FIELD OBSERVATIONS

The extent to which soil conditions are modified by the
influence of vegetation will depend upon species and stand
characteristics, While much of this study perteains to the
nitrogen and organic content of the soll under different
forest cover type conditions, field observations and measure-
ments were made of some of the conditions which determine
nitrogen and organic matter content of the soil. These ob-
servations and measurements are of value in correlating the
effeots of different species upon nitrogen and orgenic matter
content of the soil. They include: 1) depth measurements
of surface organic layers on ridge and slope conditionmns,

2) depth measurements of darkened horizon and 3) root dis-
tribution of various species. These faotors are considered

as being most significant in their influence upon nitrogen
and organic matter content of the soil. Basal area and height
growth on ridge and slope conditions for two of the species
gives an indication of the effectiveness of nitrogen and or-
ganic matter content in controlling growth.

Table VII gives the depth of surface organic layers.

The surface organic material is considered as made up of two
layers, the litter and défr. This is a well known classifi-
cation based upon the degree of decomposition. Litter is the
practically undecomposed orgenic debris, while duff 1s par-

tially decomposed.
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TABLE VII

DEPTH OF SURFACE ORGANIC LAYERS UNDER DIFFERENT SPECIES
ON RIDGE AND SLOPE

Speoies Litter Duff Total litter & Duff
inches
Ponderosa pine ridge «30 75 1.05
slope «50 1.75 2,25
Norway spruce ridge «20 30 50
slope «25 «50 75
White pine ridge «30 «75 1.05
slope 75 2.20 2.95
Red pine «40 1.00 1.40
Douglas fir «25 «70 «95

The depth of surface organic layers serves as a measure
of the amount of organic material addéd to the soil under
the different conditions. It can be seen from Table VII to
vary with the species and from ridge to slope. Since sur-
face organic layers in the Sandhill Plantation are made up
almost entirely from needle fall, thickness of the surfaoce
organic layers is a measure of follage production for the
dirferent species., It should express reasonably well general
relatiohships which exist among the species considered in
regard to the amounts of organic materials added to the soil,

White pine is shown to heve the deepest layer of sur-
face organic materials, followed by ponderosa pine, red pine,

Douglas fir and Norway spruce.



S&

Heyward and Barnette (15) found in longleaf pine, that
surface organic layers increased in depth up to a point where
equilibrium was established, in from 8 to 12 years following
a fire. Atthis point decay balanced additions of organic
materials, and depth of the surface layers remained about
constant, It seems reasonable that if conditions for decom-
position remain fairly constant this same principle would
hold for all species. Since the Sandhill Plantation is
twenty-four years old, the equilibrium probably has been
attained, and surface organic layers have reached maximum
depths.

Tree development oh the slope is much better than on
the ridge, therefore, surface organic layers receive a
greater volume of annual needle fall. With increased needle
fall on the moist slope, comes more complete incorporation
by so0il organisms which builds up the layers of topsoil in
nutrient 6ontent. Furthermore, needles from trees on dry
ridges have a tendency to collect on slopes and increase
site improvement.

Decomposition is probably more rapid on the ridge due
to the more open condition of the stand which allows oxida-
tion of the carbonaceous portion of the duff rather than
accumulation, as on. humid slopes. Hansen (12) found decom-
position of surface orgenic matter greatly hastened by thin-
nings which lowered orown density and increased the temper-
ature of the forest floor. Thinner layers of organic matterial

on the ridge type are, in all probability, caused dby oconditions

favoring more rapid decomposition and less annual needle fall,



DEPTH MEASUREMENTS OF DARKENED HORIZON

Below the layer of soil humus is a layer pale rusty tan
in color. This humus layer shows the depth to which organiec
matter has penetrated, since below that layer no gray color
can be detected. The depth of this horizon varies with the
species and with ridge and slope conditions. Table VIII
shows the depth to which organic matter has been incorpor-
ated in the soil under different species and on ridge and
slope conditions,

TABLE VIII

DEPTH TO WHICH ORGANIC MATTER HAS BEEN INCORPORATED IN SOIL
UNDER DIFFERENT SPECIES ON RIDGE AND SLOPE

Species Depth variation Average depth
in inches inches
Ponderosa pine ridge 5 -9 7.0
slope 12 - 17 14,5
Norway spruce ridge 6 - 10 8.0
slope 13 - 16 14.5
White pine ridge 3 =9 \ 6.0
slope 14 - 24 19.0
Red pine 7 - 10 8.5
Douglas fir 6 -9 765

It is apparent that organic matter has penetrated more
deeply on the slope than on the ridge. There appear no great
differences in the depth of penetration for different species

on the ridge. Under slope conditions penetration is the same
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for vonderosa pine and Norway spruce (14.5 inches) but some-
what greater (19 inches) for white pine. Xevertheless,
vpenetration is leest with white vine on the ridge, 6.0 inches
§ompared with e maximum of 8.5 inches for red pire and 7.0 to
8.0 inches for the other species.

By comparing Tebles VII and VIII, a positive correlation
is evident between thickness of surface organic meterial and
depth of the darkened horizon. The degth of the horizon,
except in Norway spruce, is more or less in proporticn to the
thnickness of the surface organic layers.

Those factors thet feavor organic matter incorporasticn
also imvrove site conditions and tree grovth. In evalu<ting
sites for yelilow popiar, Auten (3) states thut the depth of
organic metter penetreticn, representing its production,
decomposition and i corporetion, is an index or integration
of all the meteorologic, biotic and pedologic factors of

site which infiuence tree occurrence and rate of growth.
ROOT DISTRIEUTION OF V.arIQUS SPUCIES

The depth and extent of root develorment varies primar-
ily with the species, but also with soil conditions. iois-
ture supply and soil nutrients will influence root develop-
ment and the occurrence of roots will, in turn, modify the
soil by adding orgenic material, mairly by the decaying of
roots or root parts. Differences in organic matter content
of the soil, therefore, may well be due to distributicn of

roots in the various horizons and at various devthse.
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Table IX shows the distribution of roots of the five
species at different depths. The data in the tablie show the
numher of roots exposed in a thirty inch profile ct the
deoths given.

TABLE IX

DISTRIBUTION OF RCOTS IN DIFFuRoNT ECRIZCLS FOR

Species ' Deonth in inches
! 0-8 ' 8-24 ' 24,50
' 'Nurber of roots
? []
Ponderosa pine 49 ' 36 ' 20
1 ]
‘orwey spruce 39 ' 10 ' 2
! 1]
white pine 34 ' 20 ' S
? ?
ked pine 44 v 17 ' 3
] ]
Douglas fir 41 ' 14 ' 4
? ?

Ponderosa vine is shown to have tlre most extencsive and
best Cevelcoped root system of tre five snecies. Roots of
this species were found to depnths of seventy inches. Cb
the basis of number and depth of penetration of roots, red
pine and douglas fir nhave the next best developed root sys-
tems, follovied by white pine and Norwey s»ruce. lorway
spruce has en esoecially shallow root system, with sixty-fi&e
vercent of the roots occurring in the upper cight inches of
soil. Few rcots extended to below depths of 50 inches al=-
though all species had roots below 24 inches. In all species,

however, most of the roots occurred at reiatively shallow

depths .
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There appears little or no correlation between either
the depth or penetration of surface organic matter and the

distribution of roots in different horizons.
DIAMETER AND HEIGHT GROWTH ON RIDGE AND SLOPZ

Diameter and height growth or volume growth may be
taken as a measure of site productivity of an area. Pro-
ductivity will vary with different species, but this, in
cases, might be because so0il fertility is maintained or built
up by additions of organic materials and nitrogen.

The average growth of white and ponderosa pine on ridge
and slope is given in Table X. The data are averaged from

samples of 20 trees of each condition.
TABLE X

AVERAGE GROWTH OF PONDEROSA AND WHITE PINE ON RIDGE

AND SLOPE
Speociles Average Average Average
Basal Area in Height Total Volume

sq. ft. cu, ft.

Ponderosa pine (ridge) 171 29.2 2.13
(slope) «203 32,3 2.73

White pine (ridge) 126 25.3 1.55
(slope) «153 30.8 2.27

The differences in growth of ponderosa and white pine
between ridge and slope are clearly shown. It is interest-
ing to note that these differences are in agreement with var-

lations in depth and penetration of surface organic matter,
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Site conditions, such as aspect and soil moicture are, un-
doubtedly, imrortant fnctors in bringirg about such varia-
tions. The total nitrogen content on sliopes ziso is favor-
able to better growing conditions. It is significant, how-
ever, that thickness of surfece organic matter and depth of
penetration have a positive reletionsliip vith growth rute,
end it is vossible, thut as soil develionnernt procceds, the

differences in growth rute iiay beceme even more evidcnt.
SOIL PROTTLE DLVILOLIINT

In its early stages the soil of the Sandhill Flantetion
was practicelly a pure, light-colored, medium sand. ZFrom a
redologist's standpoint, this type is classed as a very young
soil and is included in the gray-brown podsolic soil group.

Observations by Griffith, IIartwell and Shaw (11) led
them to believe that a leached horizon acpecred under white
pine after ebout €60 yecars., Their study wes made from soils,
thought to be of uniform origin, from which they measured
stands of various ages.

Hunt (21) reviewed observations made in Sweden by Tamm,
who found, that in a2 young soil under scotch vine, one to two
cm. of leached soil are formed in about 100 years., In New
England, Hunt, in his own observctions, determined thot pod-
sols had not been formed by one generetion of trees. These
studies of podsolization indicate that after only 4 years

there can be very little podsolization on tnis plantaticn.
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The extent of tinis scil development procsess is aided by
coarse soils that rermit leaching and a coniferous growth of
trees theot develop acid soil conditions. In addition to
movement of silt aﬁd clay, the rain meteriels le~ched are

iron, aluwiinuwr:, ortanic mutter, nitrogen &né cealcium. OStudices

(83

of tre sleo e soil sanples indicated trnet et a decoth of 1z in-
ches trere vwes an increcse in nitrogen and orgenic nmatter
over the 4 inc. sarples (Fig. « & 4). 4t this early stage

of the eluviation process, no icached layer 1is unparent,
altnougnh lwborectory analyses stow a zone of iiluviation.

Joffe (18) stctes thnut the vodsol nrecess of soil forma-

tion sets in ¢s soon we tha forest cover is c¢:nable of keep-

+

e

ng the surfuce horizon noist and tnerchy faveoring the leach-
ing reactions by the percolating rainvater. The thick mat

of surface organic matter meintains constent roist soil sur-
fece layers in the Sandhili Flantsation.

Under ovresent vegeteative, climatic, and environientel
cornditions of this soil; it can be expected that soil forma-
tion processes will continue and that relative effects of
the various coniferous svpecies, on the ﬁitrogen and orgenic

matter content of tre soil, will be rore evideat.
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SUMMARY

1. Measurements of nitrogen and organic matter content were
made on a medium sand soil plented in 1914 to five different
conifer species,

2. Surface layers or organic matter varied from thinnest to
thiokest in the following order: Norway spruce, Douglas fir,
red pine, ponderosa pine, and white pine.

d. Comparison of slope and ridge soils under three specles
shows that more nitrogen and organic matter are found in
slope than ridge soils. Factors that contribute to these
differences appear to be: 1) depth of surface organic mat-
erial, 2) depth of organic matter penetration, 3) character
and composition of surface organic material according to

tree cover type, 4) environmental differences between slope
and ridge, and 5) environmental factors influencing soil
development processes,

4, Organic matter is incorporated to greater depths on slope
than on ridge soils and is greatest under white pine, followed
by Norway spruce and ponderosa pine,

5. Organic matter and nitrogen content decrease with depth
but show a concentration zone corresponding to the Bl horizon
in this lightly podsolized soil.

6. Ponderosa pine had the most extensive and deepest pene-
trating roots of the five species studied.

7. There is a wide organic matter-nitrogen ratio that varies
considerably between species and soil depths of the same speoies,

The lowest ratios appeared in the Bl horizon at 10-14 inch depths.



40,

8. The slope type, having better tree growth than the ridge
type, also had higher organic matter and nitrogen content.
9. In all probability, the first stage of profile develop=
ment is found in the slope types which have an accumulative
zone at a twelve inch depth.

10. Under present vegetative, climatic, and environmental
conditions of this soil; it can be expected that soil forma-
tion processes will continue and that relative effects of
the various coniferous species, on the nitrogen and organic

matter content of the soil, will be more evident.
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