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Macropores

RAIN, falling on a sloping forested soil, may enter the soil

quickly and move considerable distances through the soil
by way of macropores. A macropore is a large pore, cavity, pass-
ageway, channel, tunnel, or void in the soil, through which water
usually drains by gravity.

Large quantities of water can move through the soil by way
of these macropores—without appreciably wetting the soil mass.
This phenomenon complicates the study and management of
forested watersheds.

A series of studies was undertaken to provide information
about the nature, extent, and influence of macropores, as an aid
to future studies and management of forest soils. This is a report
on those studies. '

Background

Macropores occur extensively in forest soils. They serve as
drainageways through otherwise impervious soils; they improve
subsoil aeration; and they often serve as favorable sites for root
growth.

In terms of macropores, most forest soils are extremely hetero-
geneous, in both vertical and horizontal directions; and the macro-
pores frequently are concentrated in certain horizons and in
particular areas of the forest.

Most macropores develop from old root channels or from
burrows and tunnels made by insects, worms, or other animals.
Some result from structural pores and cracks in the soil. Our
studies dealt mainly with macropores resulting from biotic
activity.




ROOT CHANNELS

Root channels are formed in place by decomposition of roots.
The channels are first filled or partially filled with porous organic
material derived from the roots themselves. Depending on their
location with respect to the forest floor surface, additional organic
residues from the litter horizons may be added to the channels.

As soil material moves into the channels, the mixture comes
to resemble the A1l horizon. Eventually, as the organic matter
is oxidized, the contained materials take on the appearance of
an A2 horizon. During normal processes of soil development,
clay particles become dispersed and move into the channels and
are deposited as clay skins on the sides of the channels. This
layered material is different in color, depending on its source
in the profile, its age, the time of filling, and the conditions of
aging.

The physical entrance and expansion of a root in the soil
compresses the soil adjacent to it and locally changes the soil’s
porosity and bulk density. As a result, the percent of pore space
near the root channel-soil boundary is lower than that a distance
from the root’s former influences (Blevins 1967). This is ac-
companied by a shift of pore-size distribution toward the smaller
capillary-size pores. In addition, a higher percentage of clay and
mineral grains oriented tangent to the roots’ surface is to be
found adjacent to the root-soil interface than in the soil mass.
These factors, along with the residues remaining from organic
decomposition, promote a relatively stable conduit for the rapid
conductance of free water, air movement, and new root growth.

Different tree species have different types of root systems. Thus,
as the roots decay, they leave different types of root channels.
Macroportes resulting from the decay of plant roots are usually
tubular and dendritic, and they range widely in diameter (Johnson
et. al. 1960). The roots of some plants leave a thick, tough,
resistant bark lining around the root channels. Others tend to
leave scale-like bark, which readily breaks apart. As far as I
know, no one has yet undertaken a comprehensive study of the
nature of root bark and its persistence in the soil.

The root channels within the forest floor form a network of



relatively large, continuous, interconnected, open or partially
filled channels that serve as pathways for the rapid movement
of free water into and through the forest soil profiles. Due to
variation in the vertical extent of the channels, after precipitation
the lower boundary of the wetted zone is often extremely ir-
regular. Water may thus move downward to the water table
through these channels or move laterally through the soil mass,
which, in part, remains unwetted (Lutz and Chandler 1946).
In fine-textured soils, the root channels from deep-rooted tree
species favor vertical drainage while those from species having
long lateral roots favor lateral subsurface water movement.

Soil texture seems to affect the persistence of old root channels.
In coarse-textured soils, persistent channels are not normally
common. In fine-textured soils, old root channels are abundant
and persist for a long time. In coarse-textured soils, “sand pipes”
— thought to be the remains of old root channels, now filled with
coarse whitish sand — can often be observed. These “'sand pipes”
have been observed to conduct a substantial amount of water.

Root channels can be numerous. For example, in a hardwood
site in southeastern Ohio, over 4,000 vertical root channels were
found per acre (Gaiser 1952). Although most were partially
filled, they were relatively permeable and served as a network of
interconnected channels to freely move water through the forest
soil profile. Where shortleaf pine has been cut in the Southeast
and the roots have had time to decay, open or partially filled
root channels, several inches in diameter and 4 or more feet
deep, are found (Kittredge 1948 ).

ANIMAL PASSAGEWAYS

Insects, worms, and burrowing animals also form macropores
in forest floors. Their burrowing activities promote good structure,
good aeration, and good penetration of water. In addition, their
tunnels often provide avenues for the growth and development
of plant roots into and through tight layers of soil.

Earthworms (Lumbricidae) are the most conspicuous group
of animals in most forested soils. Their activity is usually greatest
in the A horizons, where they are largely responsible for the
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soil's porous nature. In all profiles of a forested Bellefontaine
silt loam soil in Wisconsin, regardless of the resistant nature of
the B horizons, earthworms and their burrows were found in the
C horizons at depths of 3 to 314 feet (Scully 1942 ). The burrows
were fairly perpendicular, deviating where rocks blocked the
path. Nielsen and Hole (1964) found earthworm burrows having
an average diameter of 5/16 inch were spaced at about 6-inch
intervals and extended nearly vertically to a depth of 3 to 6
feet. They said that earthworms are responsible for making
tubular extensions of the A1 down into the A2 horizon, which
increases the interface of these two horizons and augments the
permeability of soil to water and tree roots.

Cicada (Magicicada septendecim) burrows are also abundant
in soil. On 30-meter quadrats sampled at random, Scully (1942)
found an average of 14 cicada mounds per square meter, with
open burrows extending almost perpendicular to varying depths.

Small burrowing animals are abundant in most forests and have
a pronounced influence on soil conditions. Ground squirrels,
moles, mice, and shrews often produce a labyrinth of intercon-
necting tunnels that allow ready penetration of air and water
and facilitate their distribution within the soil body (Lutz and
Chandler 1946). Hamilton (1940) indicated that the looseness
of the surface layers in many forests in the Northeastern States
is due in part to the scores of burrows made by mice and shrews.
The magnitude of animal burrows can be very great: Eadie
(1939) found 220 surface tunnels of the hairy-tailed mole
(Parascalops breweri) exposed along a newly cut road bank
within a distance of 492 feet, making an average of one tunnel
every 2.2 feet. These surface tunnels formed an irregular branch-
ing network, with main surface tunnels often extending beside
or under some surface structure for 100 yards or more,

NONBIOTIC MACROPORES

Other agents, such as freezing and thawing, are also responsible
for the formation of macropores in forest soils. Freezing the
soil increases its porosity because the growth of ice crystals
causes displacement and bulking of the soil (Krumbach and
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W bite 1964). These pores may persist under undisturbed forest
floor conditions and be preserved by the covering of litter (Auten
1933).

Cavities formed by leaching and dissolution of pebbles of
limestone or dolomite have been found to form as much as 10
percent of the B22 horizon of Howard gravelly loam in Bradford
County, Pennsylvania (Denny and Lyford 1963).

SITE

The study site was 1.2 miles north of Dover Dam in Tuscarawas
County, Ohio, on land made available through cooperation of
the Muskingum Watershed Conservancy District. A moderately
steep south-southwest slope, covered by a mixed deciduous hard-
wood forest, was selected for study. Dominant trees were pri-
marily white oak, beech, and hickory; diameters averaged about
18 to 24 inches. Six study locations were used. The soil type at
the upper location, approximately 150 feet from the ridge, was
a Dekalb sandy loam; the soil types at the five lower locations —
on a line parallel to the slope — were characterized as variants
of Clymer silt loam. The lowermost location was near midslope,
approximately 500 feet from the ridge. The slope ranged from
about 20 percent near midslope to about 25 percent at the upper
location.

METHODS
Outflow Pits

Observation pits, approximately 4 feet deep and extending
approximately 10 feet across the slope, were dug at the upper-
most and lowermost locations. The sandy loam here was under-
lain by a layer of moderate to coarse sand at about 40 to 45 inches.
The silt loam graded at about 36 inches into a silty clay, which
graded into a clay at about 44 inches.

Artificial rain, containing fluoresceine dye, was applied to the
undisturbed surface of the forest floor immediately upslope
from the pit faces at the rate of 1 inch per hour. An area 16
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feet in diameter was wetted above each pit. Time and location
of outflow from each pit face were recorded. Volume of outflow
was measured from a selected number of outflow spots.

Hydraulic Conductlvity

For evaluating hydraulic conductivity, a specially designed
core sampler (Aubertin 1969 ) was used to obtain a large number
of relatively undisturbed soil samples 6-inches in diameter and 3,
6, 9, 12, 15, and 18 inches deep. These samples included small
stones, roots, old root channels, animal passageways, and other
macropores in their natural state. '

A sufficiently large number of samples was collected so that
at each of the six locations at least 20 relatively undisturbed
samples were obtained for the 0-6-, 6-12-, and 12-18-inch depths,
and at least 10 similar qualitative samples were obtained for the
0-3-, 3-6-, 6-9-, 9-12-, 12-15-, 15-18-, 0-12-, and 0-18-inch depths.

The samples were placed in water and allowed to soak for
about 24 hours before establishment of a constant head of about
15mm. via the overflow method (Klute 1965). As soon as the
constant head was established, outflow measurements were begun
and were recorded every 2 to 5 minutes throughout a total lapsed
time of 100 minutes. Hydraulic-conductivit} values were calcu-
lated, then plotted against lapsed time on semilogarithmic paper”

Upon completion of the outflow measurements, but without
allowing air to enter the sample, a 0.1-percent malachite green
dye solution was passed through the sample. The amount of dye
solution used per sample varied according to the rate of flow.
This dye solution stained the major flow channels, making them
readily visible when the samples were dissected. In addition, dye
staining along the sample-cylinder wall interface revealed if and
where flow occurred between the sample and the cylinder wall.

The samples were allowed to drain approximately 24 to 48
hours, then were dissected. Data from samples exhibiting evidence
of sample-wall flow were not included in the analyses. As dis-
section proceeded, qualitative and semiquantitative remarks were
noted on flow passageways, old root channels, animal passage-
ways, macropores, and evidence of soil disturbance such as filled
root channels or animal passageways, in an attempt to correlate
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their presence with the hydraulic-conductixity value obtained for
each given core.

Block Study

To further evaluate the nature of the macropores in situ, a
large free-standing block of soil, 8 feet wide by 20 feet long by
6 feet deep, was exposed by trenching around the four sides with
a backhoe. This block corresponded to the lower part of the active
portion of a previous subsurface stormflow plot (W hipkey 1965 ).
The downslope face (front) of the block was coincident with
the outflow face of the former plot.
After the block had been trimmed and shaped by hand, all
four sides were gridded into 6-x-G-inch squares, characterized,
and sampled; and the soil horizons were mapped. All major
features such as roots, stones, old open root channels, old filled
root channels, filled and unfilled animal burrows, evidence of
taproots, worm and other macro-organism passageways, and
structural cracks were mapped to scale for the front, back, and
.one side. Unfortunately, because of wet weather, a portion of
one side sloughed down before its features could be mapped.

" After the external features had been mapped, the front or
downslope and the back or upslope portions of the block were
systematically dissected by carefully removing 6-inch cubes of
soil one at a time. All major internal features, such as listed
above for the external faces, were carefully traced and mapped
on three-dimensional drawings.

A powerful industrial vacuum cleaner with a hurricane nozzle
was used for cleaning up the loose material from the faces and
for removing the loosened soil from the cube being dissected.
The soil was loosened most efficiently with the point of a stiff
knife blade, then was removed with the vacuum nozzle. A curved
linoleum knife was found to work very well in loosening the
soil with a minimum of disturbance to the roots and root channels.
With careful work, very few roots were cut or removed, and it
was possible to easily trace the roots from one point to another.
Root channels were also easy to trace by using this method of
soil removal, but because of their fragile nature many of them
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were obliterated as the soil was removed. Consequently all root
channels and other open channels had to be continually mapped

as the cube was dissected.

Results and Discussion
OUTFLOW PITS

A comparison of the faces of the observation pits showed
marked differences in the presence of biotic macropores. Outflows
from the pit faces also differed markedly in timing, rate, and
distribution.

Qualitative observations showed a substantially greater num-
ber of old root channels in the finer textured soils. In these soils
the root channels were distinct, well-preserved, generally open
or only partially filled, and were ramified throughout the upper
portion of the soil profile, with many extending below the 4-foot
depth of the pit. Evidence of old taproots was clearly visible.
Many old root channels were lined with persistent root bark.
The mineral soil immediately surrounding the channel in the
lower B horizons frequently had a pronounced gray color, indi-
cating a gleyed condition.

These old root channels formed a network of pipes through
the soil profile. Though we did not specifically study the areas
immediately surrounding the root channels, evidence indicates
that the dense zone of high clay content, and oriented particles
reinforced by residues from decomposition of organic matter.
were practically impervious to penetration by water.

Artificial wetting of the forest floor immediately upslope from
the pit face revealed to a limited extent the influence root channels
have on rapid subsurface movement of water in medium to
moderately fine textured forested soil. In all cases numerous
outflow sites were present in the pit face, many flowing pipe-like
or faucet-like. However, there was little, if any, evidence that
the soil mass proper was wetting up.

In a typical instance, applying artificial rain at the rate of 1
inch per hour to the finer textured soil (having approximately
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20 percent initial moisture by weight) resulted in dye seepage
coming up from the heavy, mottled clay pit floor, 18 linear feet
from the center of the wetted area and 48 inches below the soil
surface, within 15 minutes after starting to wet the area. Within
18 minutes after the start of the rainfall 3 additional small root
channels located in the clay zone at a depth of 44 to 48 inches
began seeping. In general, a depth/time-of-wetting relationship
appeared to exist, and the deeper positions seeped first.

Sixteen positions (12 definitely old root channels, 1 from
around a stone, 1 from an unidentified type of channel filled
with dark spongy material, and 2 of undetermined nature) were
seeping from the pit face within 1 hour. Seepage rates were
generally moderate to rapid; four old root channels flowed pipe-
or faucet-like. After continued application of artificial rain, 26
positions were seeping at the end of 2 hours. The soil mass proper
did not appear to be wetting up, although at the end of 2 hours
some evidence was noted that the soil surrounding some of the
channels was becoming wet.

In another instance, from an approximately 1/-inch-diameter
old root channel, partially lined with bark, at a depth of 23 inches,
outflow began approximately 9 minutes after wetting of the
surface was begun. This particular root channel yielded an outflow
volume of 1,127 ml./min., measured between the 10th and 11th
minutes after start of the rainfall. In all cases at least one and
usually several old root channels flowed pipe- or faucet-like
from the finer textured silt loam soil.

At one location in the silt loam soil, in addition to outflow from
the immediate pit face under observation, flow was observed
coming from channels in another pit about 30 feet obliquely
downslope from the wetted area, commencing between 30 and
45 minutes after starting to wet the forest floor above the obser-
vation pit. Outflow volume, although not measured, was sub-
stantial. This points up the fact that a substantial amount of
water may rapidly enter into and move a considerable distance
downslope through old root channels.

The data and observations bring up an interesting question:
How does the water enter into and move through the soil so
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rapidly and in the quantities observed? First, the rapid movement
through the soil has been demonstrated to occur through old
root channels. The question of rapid entry and concentration of
the rainfall has not been completely answered.

Qualitative observations have shown that the surface of
undisturbed forest soils is highly porous and sponge-like. Addi-
tional observations revealed that the surface of the mineral soil
is not smooth but has considerable microrelief variation. In addi-
tion, there are numerous depressions, filled with porous spongy
material, which are the remains of old taproots.

Thus it appears probable that rainfall rapidly penetrates the
highly porous forest floor surface, moves along the mineral
surface interface, and collects in the depressions formed by
decayed taproots. The water is then funnelled downward and
combines with that coming from similar nearby sites through the
interconnected network of channels. This subsurface water is
then transmitted via paths of least resistance to the channel
opening in the pit face. This may explain why overland flow
seldom, if ever, occurs on sloping forest-covered soils.

This question can be raised: Does digging a pit that, intersects

_the root channels create an artificial system? In many if not most

forested areas the soil mass is honeycombed with a complex
network of intricately interconnected old root channels, animal
passageways, and other microvoids. Strong arguments can be
advanced to support the contention that, under these conditions,
the complex network is always open to the atmosphere at
numerous points and that truly dead-end isolated channels, or
macrovoids, are rare and of little consequence.

Studies on the sandy loam produced similar but less pronounced
results. First, the number of old root channels was considerably
smaller than in the finer textured soils. Second, those present did
not appear to be as distinct and as well preserved. Most channels
were filled or partially filled with dark sandy material. Root-bark
linings were present but fewer and usually more discontinuous
than those found in the finer textured soils. Although this was
not studied, qualitative observations indicated a general lack of
particle orientation or clay concentration near the root channels.
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In the coarser textured soils, seepage was not restricted to old
root channels. At approximately 40 to 44 inches in depth, the
sandy layer overlying a heavier sandy clay zone wet up rather
uniformly and began to seep within 35 to 45 minutes after wetting
of the soil was begun. The most noticeable difference between
the coarse and fine textured soils was that, in the coarse textured
soil, the soil itself appeared to wet up and the initial time of
outflow from the root channels did not appear to be related to
the depth of the channel. Also, the volume of outflow from
individual root channels was usually considerably less in the
coarser textured soil than in the finer. Apparently the less-well-
preserved old root channels and relatively large textural macro-
voids allow the rainfall to readily enter and permeate the soil
mass as a whole instead of being restricted to subsurface channels.

HYDRAULIC CONDUCTIVITY

Determining the true hydraulic conductivity of sloping forested
soils is beset with a multitude of obstacles. Because of the high
porosity of the surface layers, the abundance of roots, macropores,
and channery fragments, hydraulic conductivity cannot be deter-
mined by means such as Bouwer's double-tube method (1961,
1962). For the same reasons, attempts to obtain satisfactory and
relatively undisturbed soil samples with the 3-inch Uhland
sampler proved futile. Those 3-inch *samples that could be ob-
tained would not adequately represent the configuration of the
old root channels, animal passageways, and other macropores
found within the soil.

Consequently, a specially constructed core sampler (Aubertin
1969) was used to obtain a large number of 6-inch relatively
undisturbed soil samples that included small stones, roots, old
root channels, animal passageways, and other macropores. Though
the results obtained from these samples are better than those
from small samples, they still do not provide all the information
needed.

However, there seems to be a close correlation between the
presence of old root channels and overall conductivity, The data
strongly suggest that with our forested soils, the overall conduc-
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tivity is made up of two parts. The first is the hydraulic conduc-
tivity through the soil matrix itself. The second is essentially the
inner-mass flow through old root channels, cracks, and macro-
organism pathways. In our studies, the matrix conductivity was
often found to be completely masked by inner-mass flow, which
may be several hundred times more rapid.

Through-flow was found to be extremely variable in rate and
magnitude for both supposedly replicated and unrelated samples.
This variability was shown, by sample dissection, to be due mainly
to the presence or absence of continuous old root channels and/
or animal passageways that intersected both the top and bottom
surfaces of the sample. A 50-fold difference between the initial
through-flow rate for the slower and faster flowing samples was
not at all uncommon.

Sample dissections revealed that vertical channels or passage-
ways were absent in those samples having a low through-flow
rate while those samples having high through-flow rates always
had continuous vertical channels or passageways that intersected
both the top and bottom surfaces of the sample. Samples exhibit-
ing intermediate through-flow rates were found to contain varying
numbers of, and usually smaller, continuous and/or discontinuous
vertical channels or passageways. Our data indicated decisively
that even one continuous but small old root channel that inter-
sected both the top and bottom of the sample transmitted a
tremendous volume of flow compared to that conducted through
the sample matrix.

Channels or passageways that were cut by the top surface, but
not by the bottom surface of the sample, normally had their
upper portion dye-stained, indicating some flow, but lacked
staining throughout the majority of their length. Channels or
passageways that were cut by either the bottom and a side, or by
the sides only, rarely showed signs of staining. Branched chan-
nels or passageways normally had staining only on those branches
that were connected directly to both the top and bottom sample
surfaces. Dead-end macropores, such as cicada tunnels and
cavities, seldom exhibited signs of staining.

Sample dissection also revealed that flow occurred down and
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around live roots. The root-soil interfaces of all roots cut by both
the top and bottom of the sample were normally stained con-
tinuously throughout the full length of the root. Staining, al-
though always continuous, not infrequently occurred on only a
portion of the root-soil interface circumference. For example,
it was common for a given root to have portions of the entire
root-soil interface stained and interspersed with portions that had
only a relatively small segment of the root-soil interface circum-
ference stained.

Our observations suggested, inconclusively, that there was a
tendency for the partially stained portions to be spiraled around
the root. This phenomenon, if found to be an actuality, will shed
considerable light on root growth and root-soil void relations.

Roots cut by the top surface of the sample, but not by the
bottom surface, normally had a portion of the root-soil interface,
occurring near the top surface of the sample, stained for varying
distances into the sample. Roots cut by either the bottom and a
side or by the sides of the cylinder rarely showed signs of staining.
These observations indicate that a void or space often exists be-
tween the root and the surrounding soil.

The through-flow differences found in replicated samples from
a given site, brought about by the presence or absence of channels,
logically raise the question as to the value of finitely bounded,
relatively small diameter samples. Without question the flow
through bounded samples is affected by boundary conditions.
However, this through-flow difference is in itself a relevant factor
that illustrates the nature and variability of macropores in forest
soils.

Because of the complex interconnected network of old root
channels and other macropores, many of which may rapidly
conduct free water in a pipe-like manner, it is probable that the
conductivity values determined on finitely bounded cores having
open channels is not representative of that occurring 2 situ. In
fact, such cores may actually underestimate the real conductivity
rate, because only a limited number of open channels can flow
in a finitely bounded sample. Those channels passing through
the sample at an angle and not cut by the top and bottom surfaces
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do not directly contribute to the overall flow in bounded cores,
but would do so i situ.

The data from our 6-inch diameter samples reveal a number
of trends. Only three locations will be discussed: a silty clay
loam over clay (site A), a sandy loam (site B), and a silt loam
(site C) that contained an exceptionally large number of old
root channels. General comments apply to all locations.

The plotted curves of calculated hydraulic conductivity versus
time (figs. 1 and 2), show two trends. First is the difference
between depths at a given location and between locations for
the same depth. Second is the marked decrease in conductivity
with time. This decrease is most marked in those samples having
initially high through-flow rates. The rate at which the decrease
occurred was much greater for samples from the upper portion
of the soil profile, which had a high overall conductivity, and

Figure 1.—Average conductivity curves for undisturbed
3-inch-thick soil samples 6 inches in diameter taken from
the depths indicated at site A (a silty clay loam over clay)
and site B (a sandy loam).
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Figure 2.—Average conductivity curves for undisturbed
6-inch-thick soil samples 6 inches in diameter taken from
the depths indicated at site A (a silty clay loam over clay)
and site B (a sandy loam).
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least for the deeper zones whose overall conductivity was rela-
tively small.

The large decrease of conductivity with time raises several
questions. What causes the rapid decrease? What time period
or value should be considered as being indicative of the true
conductivity? Since dissection of the samples revealed that the
rapid through-flow occurred through old root channels and other
macropores, can one validly calculate hydraulic conductivity values
from the outflow data? It would seem logical to assume that,
under the condition of rapid flow through irregular and crooked
channels, turbulent flow occurred. Thus the calculated conduc-
tivity values obtained by application of Darcy’s law are invalid
(Scheidegger 1957). However, the calculated values do have
relative meaning in comparing the different sites and depths.

The cause of the rapid reduction in calculated conductivity,
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which ran as high as an 85-percent reduction within 100 minutes
for samples from the 3- to 6-inch depth of site A, is unknown.
Numerous researchers have noted reduction in the conductivity
of core samples, but usually occurring over a longer period of
time. In our case, we feel that, because the samples were soaked
for about 24 hours, and because of the initially rapid through-
flow through old channels and the relatively short flow time
(100 minutes), it seems that the probable but no doubt not the
only cause of the reduction noted was particle movement. How-
ever, it must be kept in mind that dissection indicated no evidence
of particle movement or relocation, although evidence of particle
movement was not specifically investigated.

In general, the initial hydraulic conductivity was greater for
comparable depths from the silty clay loam than for the sandy
loam; and the rate of decrease as well as the total percent of
decrease in conductivity was greater for the samples from the
finer textured soil (figs. 1 and 2).

Since a direct relationship appeared to exist between the
presence of old root channels and the calculated conductivity, a
site (site C) known to have an abundance of old root channels
and a texture relatively similar to that of site A was sampled and
the conductivity values were obtained.

The calculated conductivity values for the 0-to-3-, 3-to-6-, and
0-to-6-inch samples were high (fig. 3). These samples had a
greater overall decrease in conductivity, accompanied by a greater
rate of decrease, than comparable samples from site A. However,
the percentage reduction was greater for the samples taken from
site A.

Dissection revealed that the samples from the upper soil levels
of site C were permeated with old channels. Although samples
from the deeper zones of site C had more old root channels, those
channels present in the comparable samples from site A tended
to be more vertical and had approximately the same frequency
of intersections both at the top and bottom of the sample.

On all sites the conductivity consistently decreased, usually
significantly (despite the large variation between replicated
samples), with the depth of sampling. The calculated conduc-
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Figure 3.—Average con-
o2 ductivity curves for undis-
turbed 3- and 6-inch-thick

: soil samples 6 inches in

diameter taken from the

depths indicated at site C

(a silt loam containing a

: large number of old root

\ channels).
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tivity at a given depth could be related directly to the soil texture
and more specifically to the presence of macropores.

Qualitative and semiquantitative observations of the dissected
samples revealed that the 0-to-3-inch zone was, in all cases, very
porous and had a large mass of small roots. Although numerous
partially decayed roots were to be found, few old open root
channels were present. However, animal passageways were numer-
ous. In general, this zone exhibited an open and highly porous
network of interconnected macropores.

Between the 3- and 9-inch depths, the size and number of
structural macropores decreased. In addition, evidence of animal
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activity became less noticeable. The number of larger roots in-
creased while the number of smaller roots decreased substantially.

Old open root channels, generally angling downward at about
a 30° angle and frequently bark-lined, increased in size and
number and became largest and most numerous within the 6-
to 12-inch zone. Large structural pores were seldom observed
between 9 and 18 inches, while evidence of animal activity and
passageways was infrequently observed and generally was local-
ized. The number and diameter of old open root channels de-
creased with depth below 12 inches.

The data indicated that the presence of open channels has an
overshadowing effect on the soil matrix conductivity. For example,
the sandy loam had substantially fewer root channels in the 3-
to 12-inch zone than did the silty clay loam. However, the con-
ductivity of the 3- to 12-inch zone was greater for the silty clay
loam than for the sandy loam.

In addition, values for replicated samples from site A varied
greatly while those from site B were much more consistent. Those
individual samples from site A, not having open channels, ex-
hibited a much lower conductivity, usually in the slow to very
slow category (less than 0.125 cm./hr.), than did corresponding
samples (also without open channels) from site B whose rates
were generally in the moderate to moderately rapid category
(2.0to 12.5 cm./hr.).

Thus, in considering the soil's conductivity in forested soils
where old open channels abound, one must direct attention to the
number, size, and orientation of open channels in addition to
the soil texture.

BLOCK STUDY

To obtain semi-quantitative information about the number,
volume, and interconnection of old root channels, animal passage-
ways, disturbed areas, structural cracks, and roots —and how
they vary with depth and/or horizons —a large free-standing
block of soil, 8 feet by 20 feet, was studied.

The data representing the soil horizons were drawn to scale
(figs. 4 and 5) and were assembled into a “box” model of the
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Figure 4.—A scale model representation of the soil hori-
zons, animal passageways, “disturbed” areas, open
channels, and structural cracks observed on the front face
of the root-study block.

block. The results were revealing, especially the extent of varia-
tion in the different horizons. Although the A and B horizons
varied somewhat in thickness from point to point, they paralleled
the surface slope closely. However, the different C horizons were
variable in thickness; and it was not uncommon for those horizons
to thin out and disappear, only to reappear further along the
face or on a different face.

The characterization data obtained from the free-standing
block of soil, though not directly relevant to macropores, showed
beyond question the variability of the soil profile. At this particu-
lar site the choice of a different location only a few feet along
the block face often, sometimes drastically, changed the profile
description. (See appendix for profile description of front and
back faces.)

Mechanical analysis indicated that the top 9 to 10 inches,
composing the Al, A2, and B1 horizons, was a silt loam for all
four sides. Below 10 inches, although the actual percentages of
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Figure 5.—A scale model representation of the soil hori-
zons, animal passageways, “disturbed” areas, open
channels, and structural eracks observed on the back face
of the root-study block.
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sand, silt, and clay (approximately 20, 40, and 40 percent, re-
spectively) were similar, due to their borderline position, the
textural class for a given horizon often varied all the way from
a silty clay loam through a clay loam through a silty clay to a
clay.

The horizons and macropore features found on the front and
back faces of the block are shown in figures 4 and 5. The latter
face was situated 20 feet upslope from the front of the block.
The data shown in these figures are typical of those obtained from
the side face and from the different dissected transects of the
front and back portions of the block.

Examination of the faces represented in these figures revealed
large areas that were unlike the surrounding soil matrix. These
“disturbed” areas exhibited evidence of having once been old
root channels or animal passageways that are now filled with a
dark, highly porous, spongy material. Many of these filled root
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channels could be identified as taproot or semi-taproot sites and
still had pottions of root bark lining the channel.

Evidence of animal activity was extensive. Numerous open
animal passageways were found in the upper horizons, generally
in localized areas of the soil, usually within the upper 2 feet.
Passageways often seemed to be concentrated near “disturbed”
areas or stones and to follow large roots.

The number, sizes, and distribution of the open root channels
were surprising. The majority of these open root channels were
found to have a persistent bark lining throughout the major
portion of their length. This lining was frequently persistent
and often remained as a hollow tube after the surrounding soil
had been removed.

Relatively few open root channels were found in the upper
6 inches of the profile (fig. 5). However, this area was thickly
permeated with small, apparently live, roots. Its structure was
open and porous, especially in the A1 horizon. The small number
of persistent root channels in this area may be a result of more
rapid biological decomposition or may be due to the fact that
woody roots were not originally abundant in this zone. The
presence of the large number of relatively large open root chan-
nels in the 9- to 24-inch zones and the lack of large roots in that
area, along with the concentration of roots — mostly relatively
small — in the upper 9 inches of the profile, suggests the possi-
bility that larger and older trees or a tree species different from
that now growing on the site formed the old root channels.

Although numerous roots and some root channels were found
at 6 feet, most roots and root channels were found in the upper
2 to 21/ feet. In the lower depths of the C horizon most of the
roots and root channels were restricted to structural cracks while
in the A and B horizons or the upper 214 feet, the roots and
root channels freely permeated the soil mass.

A very common feature, especially in the denser horizons, was
the presence of live roots growing within old root channels. It
was not at all uncommon to find a live root growing in an old
root channel which in turn had been formed in a yet older root
channel.
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Tables 1 and 2 show the percentages of total surface area of
each horizon that was occupied by biotic macropores. “Disturbed”
areas, those portions of the profile that were dissimilar in color,
texture, and structure, are included, because of their highly porous
nature and the evidence that they were the remains of old roots
and animal passageways. In addition, dye studies showed that
these “disturbed” areas often act like open channels that conduct
water rapidly.

The effect of pH and bulk density on the persistence of biotic
macropores is open to question. Because of the small variation
in pH values between horizons, it seems likely that the soil pH
did not determine the presence or absence of biotic macropores
in a given horizon. Bulk-density values consistently increased with
horizon depth while the number and the area percentage occupied
by biotic macropores decreased. The data seem to indicate that
the size and concentration of biotic macropores may be more a
function of depth than of overall bulk density. In the denser C

Table 1.—Surface-area percentages of biotic macropores exposed in the
front face, as related to horizon, depth, pH, and bulk density

, bioti i, o ol o Buk
Horizon  Depth macro- t‘:;e?i‘ ch;?l?ltels passage- P density
pores ways
Inches Pect. Prt. Pet. Pet. Pct. G/ec.
Al 0-1 —_— — — —_ 5.0 0.94
A2 1-6 36.0 28.9 2.8 4.3 4.5 1.26
B1 6-9 11.4 5.8 3.8 1.8 4.5 1.49
B2it 9-16 16.6 13.3 2.8 J 4.6 1.61
B22t 16-23 14.4 12.6 1.8 0 4.6 1.59
IIB3 23-31 10.8 2.8 1.0 0 4.6 1.34
IIIBC 31-36 5.8 4.8 1.0 0 4.7 1.63
IIIC1 36-42 2.1 1.6 5 0 4.6 1.72
IIC2 42-47 2.3 2.1 2 0 4.6 1.82
I1IC3 47-56 8 .6 2 0 4.6 1.78
I1IC4 56-68 1 0 1 0 4.6 1.79
HICs  (60-63) o - 0 0 0 43 1.81
IIC6 68-74 &l 0 <1 0 4.3 1.80

1"Disturbed” area refers to those portions of the soil profile that were dissimilar in color,
texture, and structure, from the bulk of the surrounding soil mass. These areas were always
darker in color and highly porous. Frequently they contained bark linings.
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Table 2.—Surface-area percentages of biotic macropores exposed in the
back face as related to horizon, depth, pH, and bulk density

Total “Di Open
; biotic is-  Open 4nimal Bulk
Horizon Depth . .o I:urbecll root passage- pH density
pores area'  channels ways -
Inches Pet. Pet. Pct. Pet. . Pct.? G/ee.
Al 0-1 — — — — 5.6 0.98
A2 1-5 23.4 22.7 0.6 0.1 4.5 1.20
B1 5-9 17.0 9.9 34 3.7 4.5 1.45
B21t 9-16 17.4 8.9 5.5 3.0 4.5 1.62
B22t 16-24 12.0 6.2 3.5 23 4.7 1.70
IIBC 24-31 6.7 1.4 23 3.0 4.7 1.72
1Ic1 31-37 2.8 1.3 1.0 o) 4.6 1.74
IIC2 37-47 1.4 0 4 1.0 4.5 1.76
IIC3 47-51 S 0 S 0 4.5 1.76
11C4 51-58 1 0 .1 0 4.4 1.81
I1Cs 58-64 0 0 0 0 4.2 1.80
1IC6 64-74 0 0 0 0 4.3 1.81
Coal
bloss. — 0 0 0 0 4.5 —

1"Disturbed’ area refers to those portions of the soil profile that were dissimilar in color.
texture, and structure, from the bulk of the surrounding soil mass. These areas were always

darker in color and highly porous. Frequently they contained bark linings.

horizons, what little root growth and evidence of biotic macro-
pores were found were restricted to structural cracks, old chan-
nels, or both.

The data in table 3 were derived from three-dimensional draw-
ings of the features found within the 6- x 6- x 6-inch cubes from
the first transect of the front face. Data from subsequent tran-
sects of the front face and the back face were similar. The calcu-
lated volumes for features within cubes varied considerably
between cubes in the same layer, It was not at all uncommon for
individual cubes in the B horizon to contain over 10 percent of
the volume as open root channels, while the volume percentage
of disturbed area often ran as high as 50 to 75 percent per cube
in the A and upper B horizons.

In general, a relatively close relatianship existed between the
surface area percentages and volume percentages occupied by the
major features. Our working experience and drawings enabled
us to accurately predict the volume of roots, open channels, and
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Table 3.—Calculated root and root channel diameters, and average
volume of roots, root channels, “disturbed” areas, and animal passage-
ways found in the first dissected transect of the front face

Calculated average

Delth Percent of layer occupied by — diameter of —
o
layers “Dis-  Animal
(;nghcs) Roots Channels turbed” passage-  Roots (;lld roc;t
area! ways e
Pct, Pet. Pct, Pet. Mm. Mm.
0-6 1.1 1.5 19.4 2.1 3.9 5.8
6-12 9 1.8 5.3 Py 4.0 6.3
12-18 A4 4 il 4 2.8 3.6
18-24 .2 2 2.0 1 2.0 2.3
24-30 ok 2 4 <. 1.8 2.6
30-36 .1 g .6 <.1 1.2 1.7
36-42 <.1 <.1 1.4 < 9 1.8
42-48 <+l <.1 .6 V] 9 &
48-54 <.1 <.1 2 0 7 .8
54-60 o . 3 0 6 1.1

1"Disturbed” area refers to those portions of the soil profile that were dissimilar
in color, texture, and structure from the bulk of the surrounding soil mass. These
areas were always darker in color and highly porous. Frequently they contained bark
linings.

disturbed areas that we could expect to find in the front half in
a given cube of soil from their percentage occupation of the sur-
face face of the cube.

We are optimistic that after we obtain more data, we shall be
able to establish surface area/volume correlations whereby an
estimate of the volume of macropores in a given volume of soil
can be made from the percentage of the surface area occupied by
these features via application of a conversion factor.

Open root channels were predominantly concentrated in the
B1, B21t, and B22t horizons lying between 6 and 24 inches in
depth (figs. 4 and 5; tables 1, 2, and 3). “Disturbed” areas were
most bountiful in the upper 6 inches or A horizons. These areas
extended some distance into the soil and many had high con-
centrations of additional open root channels within their bound-
aries. Since in many cases the upper definable portion of these
“disturbed” areas appeared to occur in slight depressions, filled
with highly porous material, it is reasonable to speculate that
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water falling upon the surface of the forest floor rapidly enters
these areas, which then act as funnels to transmit the water down
into the profile and to interconnecting open or partially filled
channels.

Since old root channels cannot be present in a soil profile unless
roots were previously present, some brief mention of root dis-
tribution is in order. Live roots were very abundant in the A
horizons and abundant in the B horizons. Although there gener-
ally were considerably more live roots than old root channels in
these horizons, their larger number was compensated for by their
smaller size; and consequently in the B horizons the percentages
of the surface area and volume occupied by live roots were con-
siderably smaller than those of the old root channels. Also, there
were relatively few live roots that had diameters approaching
those of the relatively abundant larger open root channels. No
live roots were found that even began to approach the size of
the “disturbed” area resulting from the filling of old root
channels.

The differences noted between the number, sizes, and distri-
bution of existing roots and old channels raises the question
about the age of the persistent old root channels, their rate and
time of formation, and by what age and species of tree. The
present stand on the site is predominantly white oak, but evidence
indicates that before World War I the area contained a heavy
stocking of chestnut. The presence of roots growing in open
bark-lined root channels within other similar open or partially
filled channels raises the possibility that some of those persistent
old channels may be of considerable age. No attempt was made
in this experiment to determine the age of the root channel or
the species that made it.

Macropores due to animal activity were found in the upper
horizons, and they were generally associated with large roots or
stones. These zoological macropores ranged all the way in size
from small tunnels formed by insects up to relatively large
passageways and chambers formed by mammals. Some chambers
were found to contain stores of acorns.

The volume of the different cubes occupied by animal passage-
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ways varied from zero up to about 80 percent. The distribution
of animal passageways was highly localized: certain areas were a
maze of passageways while the majority of the soil layer was
devoid of passageways.

The contribution of these zoologically formed macropores to
the subsurface movement of water is open to question. While
many such passageways were associated with “disturbed” areas
or old root channels, the majority were essentially dead-end
passageways. However, many passageways did intersect open or
partially filled channels at various places along their length.
Probably their major contribution to flow was the association
between the larger passageways and roots and stones. Dye studies
showed that some flow did occur along root-soil and stone-soil
interfaces that were associated with the larger passageways. How
or where the flow originally entered the system was undetermined.

v

The experiments reported here showed that under mixed hard-
wood forests in northeastern Ohio, macropores in the forest
floor consisted of :

® Structural pores resulting from the texture and arrangement
of the primary soil particles.

® Open channels formed by the passage through the soil of
woody roots that have subsequently decayed. It was observed
that these old root channels frequently retained a persistent
root-bark layer lining the channels.

® “Disturbed” areas, formed by root growth or animal activity,
which now contain a dark, highly porous, often spongy ma-
terial. These “disturbed” areas exhibited evidence of bark
lining.

® Animal passageways ranging in size from small tunnels formed
by insects to relatively large passageways formed by mammals.

® Voids between roots and the surrounding soil matrix.

@ Structural cracks between the soil structural units.

26



Qualitative and semiquantitative observations of outflow from
the pit faces of soil masses receiving artificial rainfall containing
fluoresceine dye showed that in fine textured soils many old
root channels rapidly conduct free water through the soil mass
without wetting the soil mass proper. Onset of outflow after the
beginning of rainfall was normally rapid, often beginning within
10 to 15 minutes. Volume of outflow per location was frequently
high, exceeding 1,000 ml./min.

That free water can rapidly move substantial distances through
relatively dry soil was demonstrated by an observation of seepage
occurring from a pit face some 30 feet obliquely downslope from
the pit under study. The seepage commenced between 30 and
45 minutes after starting to wet the forest floor above the observa-
tion pit.

Site differences were noted. Outflow from the faces of coarse
textured soils was usually considerably less than that from the
finer textured soils. The coarse textured soil mass tended to wet
up while the fine textured soil remained essentially unwetted.

Hydraulic conductivity determinations on 6-inch-diameter cores
revealed a close correlation between the presence of old root
channels and overall conductivity. The data obtained indicated
that the presence of an open channel had an overshadowing
effect on the soil’s matrix conductivity. Finitely bounded cores
from soils having an abundance of open channels may lead to
an underestimate of the real conductivity rate because only a
limited number of open channels can flow in a finitely bounded
sample, whereas iz situ most would flow. These data emphasize
that in considering conductivity of forested soils where old open
channels abound, one must direct attention to the number, size,
and orientation of open channels in addition to the soil texture.

Study of a large free-standing block of soil showed that biotic
macropores freely permeated the A and B horizons, the greater
percentage occurring in the A2 horizon. Calculated volume pet-
centages showed that the distribution of root channels, animal
passageways, and disturbed areas varied greatly throughout the
profile, both horizontally and vertically. Root channels were most
prevalent in the upper B horizons, where it was not uncommon
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to find over 10 percent of the total volume of a 6-inch cube
occupied by open root channels. The volume percentage of
disturbed areas often ran as high as 50 to 75 percent of cubes
from the A and upper B horizons. Macropores due to zoological
activity were highly localized, certain areas being a maze of
passageways while the majority of the soil layer was devoid of
such passageways. In general, macropores were associated with
large roots, stones, or disturbed areas.

At the experimental sites, macropores appear to persist for a
considerable length of time, as illustrated by live roots growing
in an old open root channel that had in turn been formed in a
still older channel. However, the persistence of old root chan-
nels appears to depend somewhat on soil structure or texture.
Root channels were most prevalent in the finer textured silt-silty
clay loams and least in the coarser textured sandy loams. Addi-
tional evidence suggests that tree species has a definite influence
on whether its roots will leave open, or partially filled root
channels.

Dye studies showed that macropores provide pathways or
conduits for the rapid movement of free water into and through
the soil profile. Evidence of flow around live roots was also ob-
served. Water moving within the macropores may or may not
contribute to wetting up of the soil mass proper.

Qualitative observations on the benefit of macropores indicate
that macropores formed in zones of high mechanical resistance
and low water permeability provide avenues for the ascending
and descending movement of water through the zone of resist-
ance. The decay of the root leaves organic matter distributed
throughout the root zone. In addition, old channels provide
favorable growing conditions and pathways for future generations
of roots.
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Appendix

SOIL DESCRIPTIONS

Soil type.—Clymer silt loam over clay. County: Tuscarawas. Site: TU-
F1 and TU-F3.

Location.—Fairfield township SE 1, NW 14, Sec. 5. About 1.2 miles
north of Dover Dam. U, §. Forest Service hydrology plots.

Physiography.—Dissected plateau.

Parent material.—Surficial colluvium derived primarily from Freeport
sandstone, Allegheny formation.

Topography and slope—Moderately steep south slope. Site slightly
below midslope. Gradient 20 percent at site.

Drainage.—Well drained.

Use or vegetation.—White oak, beech, and hickory.

Remarks.—Site was described and sampled for mechanical analysis in
conjunction with a root study on a block opened on four sides.

South or Front Face of Root Study Block 1
Depth &

Horizon
2-14 inch  Litter, undecomposed, from oak, beech and hickory.
01
15-0 inch  Partially decomposed organic matter.

02
0-1 inch Very dark gray (10YR 3/1) silt loam; weak, fine granular
Al structure; very friable; roots abundant; thickness range from

1/, to 2 inches; clear wavy boundary; pH 5.0; organic carbon
12.1 percent,
1-6 inch Dark brown (10YR 4/3) silt loam; weak, fine, and medium
A2 subangular blocky structure; friable; roots abundant, few
abandoned root channels; common fine pores; lower bound-
ary gradual and smooth; pH 4.5; organic carbon 1.2 percent.
6-9 inch Yellowish brown (L0YR 5/4) heavy silt loam; weak, fine,
BI and medium subangular blocky structure; slightly sticky when
wet; numerous roots, tpipings, or abandoned root channels
are common ranging from 3 to 20 mm. in diameter; less
than 5 percent coarse skeletal material; lower boundary
gradual and smooth; pH 4.5; organic carbon 0.5 percent.
9-16 inch  Yellowish brown (10YR 5/6) silty clay loam; moderate,
B21t medium subangular blocky structure; firm, sticky, and plastic
when wet; roots common; thin, patchy clay films on ped
surfaces; common fine pores; 3 to 5 percent coarse skeleton
of sandstone fragments; lower boundary gradual; pH 4.6;
organic carbon 0.4 percent,
16-23 inch Yellowish brown (10 YR 5/8) silty clay loam with common
B22t olive (5Y 5/3) and reddish brown (5 YR 5/4) variega-
tions; moderate, medium subangular blocky structure; firm,
sticky, and plastic; thin clay films on channel walls, and
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23-31 inch
IIB3

31-36 inch
IIIBC

36-42 inch
IIIC1

42-47 inch
ITIC2

47-56 inch
I1IC3

56-68 inch
IIIC4

68-74 inch
ITICé6

patchy on ped surfaces; roots common, but decreasing in
number; 10 percent coarse skeleton of sandstone and shale
fragments; lower boundary abrupt and irregular; ph 4.6;
organic carbon 0.3 percent.

Yellowish brown (10YR 5/4) loamy coarse sand with thin
bands of gray (10 YR 6/1) sandy loam; weak, coarse sub-
angular blocky structure that crushes to single grain; very
friable; few roots observed, coarse skeleton material 40 per-
cent; horizon is discontinuous; abrupt irregular lower bound-
ary; pH 4.6; organic carbon 0.3 percent.

Gray (5Y 6/1) silty clay loam with many (25 percent) strong
brown (7.5YR 5/6) mottles; moderate, coarse, subangular
blocky structure; very firm; few small roots, weathered clay
shale fragments common; ped faces have moderately thick
clay films; lower boundary clear; pH 4.7; organic carbon 0.3
percent.

Dark gray (N4/ ) silty clay with strong brown (7.5YR
5/6) and gray (10YR 6/1) mottles; platy to massive; very
firm; few small roots growing in structural cracks; lower
boundary abrupt; pH 4.6; organic carbon 0.3 percent.
Brown (10YR 5/3) silty clay loam with strong brown
(7.5YR 5/6) and gray (10YR 6/1) mottles; weak, coarse,
subangular blocky structure to massive; firm, occasional small
roots, thin lenses of coal blossoms; lower boundary clear,
wavy; pH 4.6; organic carbon 0.8 percent.

Mottled grayish brown (10YR 5/3) and dack gray (N4/ )
silty clay loam; massive, firm, sticky, and plastic; thin coal
blossom bands; lower boundary clear; pH 4.6; organic
carbon 0.3 percent.

Mottled olive brown (2.5Y 4/4), light olive gray (5Y 6/2)
and grayish brown (2.5Y 5/2) silty clay; massive; firm,
sticky, and plastic; lower boundary clear; pH 4.6; organic
carbon 0.6 percent.

Light olive brown (2.5Y 5/6) silty clay with many (30 per-
cent) gray (10YR 6/1) mottles; massive; sticky when wet;
pH 4.3; organic carbon 0.1 percent,

North or Back Face of Root Study Block 1

Depth &
Horizon
1-1/4 inch
01
1/5-0 inch
02
0-1 inch
Al

1-5 inch
A2
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Undecomposed litter from oak, hickory, and beech.
Partially decomposed organic material.

Very dark gray (10YR 3/1) silt loam; weak, fine granular
structure; friable; roots abundant; thickness range from 1/
to 2 inches; clear wavy boundary; pH 5.6; organic carbon
13.4 percent,

Brown (10YR 4/3) silt loam; weak, fine subangular blocky
structure; friable; roots abundant; lower boundary gradual
smooth; pH 4.5 ; organic carbon 1.9 percent.




9-16 inch
B2i1t

16-24 inch
B22t

24-31 inch
IIBC

31-37 inch
IIC1

37-47 inch
IIC2
47-51 inch
IIC3

51-58 inch
1IC4

58-64 inch
1IC5

64-74 inch
IIC6

Yellowish brown (10YR 5/4) silt loam; weak, fine to
medium subangular blocky structure; firm; numerous roots;
lower boundary gradual smooth; pH 4.5; organic carbon
0.8 percent.

Yellowish brown (10YR 5/6-5/8) clay loam; moderate,
medium subangular blocky structure; firm, sticky when wet;
few roots; occasional large sandstone cobbles observed; thin
patchy clay films on ped surfaces; lower boundary clear
smooth; pH 4.5.

Yellowish brown (10YR 5/6) heavy silty clay loam with
few strong brown (7.5YR 5/6) pale brown (10YR 6/3)
mottles; moderate, medium subangular blocky structure; firm,
sticky when wet; few roots; thin patchy clay films on ped
surfaces and channel walls; less than 5 percent coarse skele-
ton; lower boundary clear smooth; pH 4.7. -

Light olive gray (5Y 6/2) silty clay with few, distinct,
strong brown (7.5YR 5/6) and yellowish red (5YR 4/6)
mottles; weak, medium and coarse subangular blocky struc-
ture; firm, sticky and plastic; numerous abandoned root
channels observed; discontinuous lenses of sandy material
and sandstone fragments occur in this horizon; clay films on
ped surfaces; lower boundary clear; pH 4.7.

Light olive brown (2.5Y 5/4) silty clay with dark yellowish
brown (10YR 4/4) coatings; massive to prismatic; firm,
sticky and plastic; numerous soft brittle shale fragments (10
percent) ; lower boundary gradual wavy; pH 4.6.

Grayish brown (2.5Y 5/2) (60 percent) and yellowish
brown (10YR 5/6) silty clay; massive; firm, sticky and
plastic; lower boundary abrupt smooth; pH 4.5.

Yellowish brown (10YR 5/6) silty clay loam with grayish
brown (2.5Y 5/2) mottles; relict platy to massive; firm,
sticky; bands of very dark gray (N3/ ); coal blossom; pH
4.5.

Light olive brown (2.5Y 5/4d) clay with yellowish brown
(10YR 5/6) mottles and bands of dark gray (N4/ ) coal
blossom; relict platy structure; firm, sticky and plastic; lower
boundary abrupt smooth; pH 4.4.

Gray (5Y 6/1) clay with gray (10YR 5/1) coatings and
yellowish brown (10YR 5/6) mottles; massive to prismatic
structure; very firm, sticky and plastic; lower boundary
abrupt; pH 4.2.

Light olive gray (5Y 6/2) silty clay loam with yellowish
brown (10YR 5/6) streaks; massive to prismatic structure;
firm; pH 4.3.
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THE FOREST SERVICE of the U. S. Depart-
ment of Agriculture is dedicated to the principle of
multiple use management of the Nation's forest re-
sources for sustained yields of wood, water, forage,
wildlife, and recreation. Through forestry research,
cooperation with the States and private forest
owners, and management of the National Forests
and National Grasslands, it strives — as directed
by Congress—to provide increasingly greater
service to a growing Nation.



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



