SOILS
Getting to the
Bottom of Things

T

by Robbo Holleran
We walk through the forest looking up,
almost all the time. That’s why we
fall down more than most hikers.
And that puts us in contact with
our subject today: Soil.

he underlying geology has a huge impact on the soil, and
every area is different. In most cases, your soil is derived
from the rocks nearby or directly underneath, though there has been
much mixing, mashing, and movement over time. In our northern areas, we
see the impact of glaciers on our surface soils. Other areas show the movement of massive amounts of water, wind, erosion, lava, or other factors that
give us our soil. The farming, logging, or fire history will also have impacts.
The soil has a great impact on the forest. Soil texture, nutrients, and
drainage affect the species composition of the forest, growth rates, regeneration success, and access. We’ll look at each of these, but first, we will look at
the layers in a soil profile.

Layers
If you dig a test pit in your forest, you will notice various layers of soil, differentiated by color, texture, moisture, and nutrients. The soil layers are called
horizons. There are all sorts of things going on in each layer, and of course,
this will vary greatly in different regions. Water, air, soil organisms, and all
sorts of chemistry are at work. Many forest soils have a humus layer at the
top. This is organic material: leaves, twigs, and plant parts in the process of
decay. Nutrients are cycled through this layer and there are bacteria, fungi,
and other organisms at work. In some cases, there is little humus because of
very active decomposition (such as in tropical areas), the effects of forest
fires, or previous agriculture that has mixed the organic material into lower
layers. The recycled nutrients can move into the lower layers.
Normally, the first layer under the humus is topsoil: mineral particles
mixed with organic matter. This is usually dark color and might be a few
inches to several feet thick. Most of the tree roots will be in this area, especially the fine roots that take up nutrients and water. Of course, deeper top
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soils will be better sites to grow anything.
The subsoil will be mostly mineral particles with little organic material and some nutrients. In well
drained soil, there may be tree roots in these layers.
Surprisingly, most tree roots are in the top foot or two
of soil, unless it is a very dry site. The drainage of
these lower layers is important to tree growth, nutrient
cycling, and limitations on forest management and harvesting. Under the subsoil may be actual bedrock, or
additional layers of material such as gravel, loose rock,
glacial till, or compacted material.

Texture
The texture of the minerals is important in each of
these layers. This refers to the size of the particles.
The main components are sand, silt, and clay. We all
know what sand feels like. Clay is fine enough to feel
smooth between your fingers, and silt is intermediate
between the two. But soil may also contain gravel,
larger cobbles, or giant boulders. The mix of these particles has a huge impact on the drainage of the soil,
and the ability to hold
moisture and nutrients.
Drainage is good, and larger particles drain better.
Sand and gravel drain really
well, but they do not hold
much moisture or nutrients. Smaller particles like
clay (and silt to a lesser
extent) hold nutrients well
since they have so much
surface area. But clay soil
does not drain well, and
holds moisture excessively.
Here is another conundrum: drainage or nutrients? Loam soils are generally ideal with a mix of
sand, silt, and clay. They
hold nutrients and moisture, and have good
drainage. The diagram
shows how the percent of
clay, silt, and sand combine to define the soil texture.
The bedrock and any other underlying materials
contribute to the soil texture and nutrients available in
your soil. Bedrock breaks down into smaller particles
by water, wind, soil organisms, and chemistry into soil.
Each type of stone has certain nutrients. For example,
granite has some potassium, but tends to break down
into larger particles for excessively drained sandy or
gravelly soil. Limestone and marble break into finer
particles and will have calcium, which buffers acidity
and provides a higher soil pH. Calcium is an important
nutrient for many trees. Phosphorus and other nutrients are found in various types of rock. Plants and
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trees grow best with a mix of nutrients, and some areas
will have an abundance of some things, and lack of
others. This will impact the tree species that grow best
on your land, both because of nutrients and soil texture.

Drainage
Drainage is our next category, and you already know
the wet spots on your woodlot. Poor drainage can be
caused by clay soils, or impermeable layers like
bedrock under the topsoil. In our glaciated areas, we
sometimes have a packed subsurface layer called hardpan. In any case, poor drainage limits the growth of
roots, since roots need both moisture and air to grow.
Trees will be very shallowly rooted, and particularly
susceptible to wind damage. The soil on top can be
rich in nutrients, and growth of young trees can be
prolific. But most species will not grow well to full
size. Species that tolerate wet feet include red maple,
black ash, larch, black gum, and bald cypress. Poor
drainage also limits the ability of the soil to hold up
heavy equipment.
Excessive drainage is a
different problem. These
sites are dry by definition,
but they also tend to be
low on nutrients.
Nutrients can be dissolved in the soil water, so
they also leach out if there
is too much drainage.
Trees like oak and pine
can grow on dry sites,
with low nutrients.
While every species
grows best on that perfect
loamy soil, what we find
in nature is that each
species is found where it
tolerates the conditions,
and grows “better” than
other trees. Pitch pine is
found on pure sand, not
because it “likes it.” It
survives, grows, and regenerates with low moisture and
nutrients. Likewise, larch is found in bogs and wet
areas. These species occupy these sites because they
grow better than anything else might. If you plant
larch or pitch pine in good soil, they grow remarkably
well, but not as well as ash or sugar maple. The better
sites simply have more options for species and management. Whatever has started there will grow well.
Species like sugar maple, white ash, black walnut,
Douglas fir, and redwood are usually found on better
soils. These tend to be higher-value species.
Most forest soils do not have 3 feet of loamy topsoil,
but don’t be discouraged. We have sites where the
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average soil particle seems to be the size of a refrigerator, and they still grow trees. If you know your land,
you probably already know where the good and bad,
dry and wet areas are. And you are probably not going
to go and dig a series of test pits and consult a soils
expert to interpret the horizons. But most areas have
soils maps already available through the Natural
Resources Conservation Service (NRCS), a division of
the U.S. Department of Agriculture. This primarily
serves farmers, but is an important resource for forest
management. Understanding what you have will help
you manage your forest to its potential. Soils maps
have their own language, and your local NRCS office
can help you interpret them. The maps are available
online at soils.usda.gov/survey and other sites.
There are plants that grow in the forest which indicate the site quality. Getting to know your ferns and
other plants is helpful. Here in the Northeast, especially rich hardwood sites usually have maidenhair
fern, blue cohosh, and Dutchman’s breeches. Certain
other plants will indicate poor sites, wet sites, etc.
Each area will have its own indicator species, which
you should be familiar with.
Specific ferns are often good
indicators.

Height Growth
Diameter growth in a forest is
largely influenced by crowding,
but height growth is determined
by the soil and site quality. You
have noticed that trees on top of
a ridge will be short, but in the
valley are much taller. Nutrients
are mobile in the soil moisture,
and get leached away. As soil
minerals decompose, new nutrients are released from the parent rocks, so there is a cycle.
The tops of hills or ridges tend
to lose nutrients over time, and
they accumulate at the base.
One way to assess site quality is
to standardize the height growth of dominant healthy
trees over a specific period of time. In the East, we use
50 years. So if ash trees get 90 feet tall in 50 years on
one site, but only 50 feet tall on another site, the first is
superior, for ash. We call this the “site index.” Some
western regions use 100 years as the standard age, and
southern pines use 25 years. But you seldom have trees
exactly 50 years old to measure. So we use a chart
(below) to track the age and height to determine site
index. For example, an 80-year-old tree that is 60 feet
tall shows a site index of 50. The chart above shows the
early height growth on all soils, leveling off sooner on
poorer soils. On a good site, height growth continues
beyond 100 years.

Each site will have species that will survive and
grow better than others. On better sites, we can grow
nutrient-demanding species (which are often higher
value) to full maturity and large diameter. On poorer
sites, we have to set our objectives to less-desired
species, smaller diameters or shorter rotations. Here in
the Northeast, wetter sites might be best occupied by
spruce and fir, drier sites with pine or oak. Rich hardwood sites can grow sugar maple and ash, but poorer
sites might grow red maple and birches. Knowing your
soil’s potential will help you to determine your species
objectives, which should influence crop-tree selection,
and your silvicultural system.
The site quality will also affect the regeneration
potential. We often find sugar maple or white pine
growing on post-pasture sites where they do not seem
to regenerate. With maple, it seems the site is not
quite good enough to establish new maple stands, and
birches, beech, or softwoods will eventually replace
maple. Loss of calcium from acid deposition may be a
factor here. Pine often grows into abandoned pastures
on very rich soils, and was able to start because of
competition with grasses, or partial
grazing. But as the pine forests
mature, it is difficult to establish
young pine since the native hardwoods will grow more aggressively.
We don’t have many options for
changing the soil. We can impair
our soil productivity by erosion or
compaction. Erosion usually occurs
with exposed soil on steeper
slopes. Heavy logging equipment
can cause soil compaction and disturb soil drainage patterns.
Displacing air from compacted
soils affects the soil organisms,
damages roots, and impairs root
growth. Proper layout and maintenance of skid trails is essential,
along with re-vegetating disturbed
soil. On the other hand, there have
been some successes with adding
either fertilizer or lime to improve forest soils. This is
done on intensively managed forests such as southern
pine plantations and maple sugar bushes with promising results. It is important to understand the limiting
factors to tree growth on these sites. Stocking levels
are important, and soil testing should be done to determine which nutrients are lacking. Next time you fall
down in the woods, take a closer look. n
Robbo Holleran is a private consulting forester helping
landowners meet their goals in Vermont and adjacent areas.
His work has him outdoors about 150 days each year, plus
play time. He is one of the authors of the new Silvicultural
Guide for Northern Hardwoods in the Northeast.
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