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Three Topics of Discussion

O Introduction to Basic Soil Science with
emphasis on Forest Solls

O Solls and Forest Productivity

O Solls and Forest Management




Functions of Forest Soils

O Support that holds tree upright
O Provides the mineral nutrients
O Provides water

O Provides air




CYCLES

o The Hydrologic, Carbon and Nitrogen
cycles comprise sequences of events that
are key to making the Earth capable of
sustaining life.

O Solils play an important part in each of
these cycles.




Factors That Influence
Soil Formation

O Climate
0o Parent material

O Topographic
relief

0 Organisms
oTime

' 80
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Presenter
Presentation Notes
Briefly explain soil forming factors.

Hydric soil(s) is / are the combination of many of these factors -- climate as in rainfall, parent material as in stratigraphy to perch water, topographic relief, microorganisms to reduce elements, and time “wet”, all of which interact to form hydric soils. 

Ed. Note: I sometimes like to discuss the Russian point of view on this, because they consider water (principally groundwater as I understand it) an independent soil forming factor. 


SOIL

O Component definition: Mixture of mineral
matter, organic matter, water, and air.

O Example:




o -
-

Soil F orming
Processes

O Translocations
O Transformations
O Additions

O Losses



Presenter
Presentation Notes
Ask them to figure out examples of:
Losses (soil mineral and organic matter loss due to erosion)
Additions (salts and whatever as part of rainwater)
Translocations (organic matter, clay)
Transformations (minerals from parent material, oxidized iron from reduction process)


Key Soil Properties

Horizons

Color

Organic matter

Texture

Structure

Permeability

Avalilable Water Capacity

O O OO0 0 o



Presenter
Presentation Notes
These are listed in order of “importance” from a perspective of identifying hydric soils.

Because color, organic matter, and texture are all used to differentiate horizons, that’s the order chosen for discussion.  Drainage class is something many of us (soil scientists) would rather not discuss but because it is presently in the criteria and is requested information on many data sheets it needs to be discussed, if only to make sure people understand it means little. 

Permeability and its relationship to capillary fringe may have been discussed in Hydrology, but because it is often misunderstood it is thrown in here for good measure.


Major Horizon Designations

O horizon

A Horizon

B Horizon

C Horizon

R Horizon
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Presenter
Presentation Notes
Soils have different layers, these layers are called horizons.  Major soil horizons are often discerned based upon soil color, organic matter content, and texture.  

A very generalized soil profile might consist of the following horizons:
a.  A horizon -- the surface layer in a mineral soil characterized by accumulation of organic matter and/or loss of materials (e.g., clays) to deeper layers.
b.  B horizon -- the subsoil, characterized by accumulation of clays or other materials and greater structural development.
c.  C horizon -- the underlying material, unconsolidated parent material little influenced by soil-forming processes.
d.  R horizon -- bedrock


A horizon

B horizon

C horizon
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Presenter
Presentation Notes
For example, Paxton series (for your information, not theirs: Coarse-loamy, mixed, active, mesic Oxyaquic Dystrudepts).

Exercise - match soil description properties with observable properties in a profile photo

Give them a copy of the Paxton OSD to match with the slide of a Paxton profile
Have them match description to the photo
Have them identify properties in the description with what they can see in the photo (only ask for those that they can see)
Look at properties such as consistence and structure in the description
Can they see those in the profile (no)
Compare the B horizon consistence (friable) and structure (weak medium subangular blocky structure)  to the C horizon consistence (very firm, brittle) and structure (moderate thick plates)
 would they be able to see or feel those differences in the field? (yes-explain that we will cover these later in this section-the point is that friable versus firm should be self explanatory and blocky versus massive should be self explanatory)

Need:
3-+ copies of Paxton OSD as a handout
Option: 30+ color copies of the Paxton profile picture used in slide #7


Significance of Soil Color

O Tells a story of the history of each soll

= Can be an indication of the degree of

weathering. Color changes from weathering are
mostly associated with the formation of iron
oxides. (parent material and age)

= Indicator of the amount and distribution of
organic matter.

= Indicator of the degree of aeration or reduction.

= Light colors can be an indicator of leaching.
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Presenter
Presentation Notes
Could elaborate on age, parent material, special features of color
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Aspects of Soil Color

O Hue 10R 5/8
0o Value

0 Chroma



Presenter
Presentation Notes
Distribute the color books, if they haven’t already been passed out.

Color of soils is mainly due to (1) organic matter content and (2) presence and chemical form of Fe and Mn.
1.  Both of these properties are important in the identification of hydric soils.
2.  Common names for colors (e.g., light red, grayish brown) mean different things to different people.  Soil scientists describe color using Munsell Soil Color Charts (Kollmorgen Instruments Corporation, Newburgh, NY).

The Munsell color system embodies three aspects of color -- hue, value, and chroma.


Soil Color

MUNSELL® SOIL COLOR CHART SRR ) e
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Munsell Soil Color Book

The Munsell
notation system
IS used for
recording color.
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Presenter
Presentation Notes
Each color chip is designated by its Munsell notation (e.g., hue value/chroma), and each has an English name (although more than one color chip may be described by the same English name).


0 25R 5R 75R 10R

— Yellow-Red —

0 25YR 5YR 7.5YR 10YR
| | | | | —Yellow ——

0 25Y 5Y 7.5Y 10Y
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Presenter
Presentation Notes
Hue refers to the spectral color or chromatic composition of light reflected by an object.  In the Munsell soil color book, each page represents a different hue, and pages range from 10R through 5Y.

Not all of these pages are used when describing soils.  People always ask, what page do we start on?  Generally, it is based upon parent material and climate.  Most often I advise them start on the 10YR page and work from there.   


alue

he Lightness or Darkness of Color -

o 10/0 - Pure White

o 5/0 - Gray

o 0/0 - Pure Black



Presenter
Presentation Notes
Value refers to the amount of light reflected from the chip.  On a neutral gray scale, a value of 10 indicates pure white, and value of 0 indicates pure black.

Value runs north-south on the Munsell page.  All chips in a row have equal value.


Chroma

“Neutral” “Pure”
Color Color

/0 /12 /4 /6 /8

Increasing strength of colof  ——y
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Presenter
Presentation Notes
Chroma refers to the relative purity or strength of the spectral color.  Chroma runs from 0 (neutral gray) to 8 (highest strength of color found in soils).

Chroma increases to the right across the Munsell page.  All chips in a column have equal chroma.

Zero-chroma chips have no color, they are neutral gray.  Often they are simply given a hue designation N (neutral). 


Using Soil Color as a Wetness Indicator

O Solls that have seasonal high water tables
or long periods of saturation commonly
develop particular color patterns.

O These color patterns can help to identify
solls that are seasonally wet when
examined during the dry periods of the
year.

O Color patterns caused by wetness are
called “redoximorphic features”.
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Soil Drainage Sequence

Increasing wetness duration



Presenter
Presentation Notes
Excessively drained
Somewhat excessively drained
Well drained
Moderately well drained
Somewhat poorly drained
Poorly drained
Very poorly drained

Drainage classes are an interpretation for agronomic use (based upon suitability for crop production); and can vary in their defintion from state to state.  T

herefore, to use drainage class to determine hydric soils becomes an interpretation of an interpretation.  Drainage classes have not been consistently applied across the U.S.  About 95% (or more) of hydric soils are categorized as PD or VPD.


Redox concentrations — reddish brown

grayish colors

Redox depletions —

I
N



Presenter
Presentation Notes
Examples of depleted matrix in loamy soils.  The soil on the right is “Grady”, a southeastern hydric soil.  Other soil is unknown.

On some projectors the left slide may appear to be pinkish, it actually is gray with red orange redox accumulations.


Gleyed Matrix — iron Is in a reduced form,
causing the grayish to blue hues. Usually the
result of prolonged saturation.



Presenter
Presentation Notes
Be sure that any soil scientists in the audience realize that gleyed matrix is not the same as the criteria for putting a ‘g’ on a horizon (like Bg isn’t necessarily gleyed).  You might want to point this out to others also that the ‘g’ horizon designation in soil survey reports just generally means high value, low chroma due to wetness and it has been inconsistently applied over the years.

Also, reduced matrix (one that changes color upon exposure to air as per Vepraskas) fits this.  It is a rare phenomenon but maybe worth mentioning.


Thick, black
surface horizon
over gray
subsoll Is an
Indicator of soll
wetness



Presenter
Presentation Notes
Mollisol, aquic conditions, accumulation of clay in the subsoil.

Parnell series - hydric soil found in seasonal (Cowardin - PEMC) prairie pothole wetlands in the Dakotas.


Soil Texture

0 Soll texture Is an expression of the
proportion of sand, silt, and clay.

O It Is probably the most important of
all soil physical properties.

O It affects the ability of the soll to
hold water and plant nutrients.

o It affects the movement of air and
water through the soill.
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Relative Sizes of Soil Particles

Sand (0.05-2.00 mm)

Silt (0.002-0.05 mm)

Clay (<0.002 mm)
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Relative Sizes

of Particles

beach ball

Sand
(feels gritty)
(2.00 - 0.05 mm)

frisbee

Silt
(feels floury)
(0.05 - 0.002 mm)

dime
&

Clay

(feels sticky)
(< 0.002 mm)
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Presenter
Presentation Notes
Particles larger than 2mm are not considered to be soil 
Discuss the relative size of the different particles and the difference in surface area.  
This is for the USDA classification system.
<.002 mm clay
.002 - .05 mm silt
>.02 mm – 2 mm sand
2 mm – 76 mm gravel
76 mm – 250 mm cobbles
250 mm 600 mm stones
>600 mm boulders 
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Presenter
Presentation Notes
Texture refers to the proportionate content of sand, silt, and clay fractions.
“Loam” refers to a soil texture whose properties are influenced by all three particle sizes.


USDA Textural
Triangle
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Presenter
Presentation Notes
Explain how to use

They will use it as tool for texturing in later exercises and field activities


Soil Structure

o The combination or arrangement
of primary solil particles into
secondary units or peds.

OoPeds are natural soil aggregates,
In contrast to clods or fragments
that are formed by tillage or
other human activities.




Factors that Affect Soil Structure

O Kind of clay

0O Amount of organic matter

O Freezing and thawing

0 Wetting and drying

O Action of burrowing organisms

0 Growth of root systems of plants
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(ranular Structure

Most common in A
horizons high in
organic matter
content

Microorganisms
excrete lignin (“glue”)
from humus to bind
particles together

Commonly influenced
by soil management
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Angular blocky soll structure




Blocky (ABK or SBK)

O common in B horizons,
particularly in humid
regions

= ABK (angular)

0 more common in soils
higher in smectite

m SBK (less angular)
0 more common in soils

higher in kaolinite
O up to a point, the more
shrinking and swelling,
the more angular the
structure (PJT theory)
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Prismatic (PR)

O most common in
clayey subsoils

height of ped is

greater than width of
ped; angular tops
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Columnar (COL)

similar to prismatic
except has rounded

w1 tops

found In soils high in
Na (sodium)




Platy (PL)

O width 1s wider than
height

1 commonly found in
compacted soill
horizons
= natural compaction
o fragipans
o dense basal till

= artificial compaction
o plow plans
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Structureless

single grain (SG) massive (MA)

39




Saturated Hydraulic Conductivity
IKCsat

o ls the amount of water that would
move vertically through a unit area of
saturated soil iIn unit time under unit
hydraulic gradient

O Estimated property, though it can be
measured In the field

40



Presenter
Presentation Notes
Note that all data derived today from official sources will use Ksat. Published soil survey reports that they may still be using will probably reference permeability. 

Permeability defined as the ability of water to move downward through the soil profile.
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Saturated hydraulic conductivity

O Replaces use of permeability In soil survey to
measure movement of water through the soill

O The soll properties that affect saturated
hydraulic conductivity are distribution,
continuity, size, and shape of pores, which
are not readily observable or measureable
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Saturated hydraulic conductivity

O Texture, structure, pore size, density,
organic matter, and mineralogy are
observable properties related to pore
geometry and are used to estimate Ksat

O In making estimates, the soil characteristic
that exerts the greatest control for many
solls Is texture.
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Guide for

estimating
saturated
hydraulic
conductivity
(Ksat) from
soil texture.

National Soil Survey
Handbook — Exhibit
618-9

Ksat for Medium Bulk Density

e % © B % © %

+——— Sand Separate, %




Ksat Classes Used in Web Soil Survey

O micrometers per second

= Very low: 0.00 - 0.01
= Low: 0.01 - 0.1
= Moderately low: 0.1-1.0
= Moderately high: 1-10
= High: 10 — 100
= Very high: 100 - 705



Presenter
Presentation Notes
Very low and very high are not included in the textural traingle guide to Ksat in previous slide. Might want to point that out.


Available Water Capacity

0 Amount of water that a soil can store that
IS available for use by plants

O Affected by:
» Texture
= Organic matter
= Rock fragments
= Bulk density
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Presenter
Presentation Notes
Use the Soil Quality Information Sheet as a handout. Refer to it as a review


Estimating AWC

O No one method will work for the entire country
because of variables found in the soill

O Some variables are properties unigue to a region
that will affect the ability of the soil to hold water

= Ash in Northwest; multiply by factor of 1.1 or 1.2
O Also affected by rock fragments

O What to do? Trust the data provided in your soil
survey information for your area.
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Presenter
Presentation Notes
Might want to note other variables such as mineralogy, salts, fragipans and other dense layers (bulk density)

Also, organic matter is a listed factor. Increase the Organic matter and you increase the AWC.


Estimated Available Water Capacity Chart (AWC)

AWC (cm water/cm of soil)
Texture Class

Low RV High
Sand 0.02 0.04 0.06
Loamy sand 0.06 0.08 0.10
Sandy loam 0.10 0.12 0.14
Loam 0.15 0.18 0.20
Silt loam 0.16 0.20 0.24
Sandy clay loam 0.12 0.15 0.17
Clay loam 0.15 0.18 0.20
Silty clay loam 0.18 0.20 0.22
Sandy clay 0.14 0.16 0.18
Silty clay 0.14 0.16 0.18
Clay 0.12 0.15 0.18



Presenter
Presentation Notes
One chart for our use. Generic for our purpose here.
One of many done regionally. 


Soils and Forest Productivity

O Let’s now tie what we know about solls to
the productivity of a forest site.

0 One way to measure Forest Productivity Is
to look at what is called Site-Index.
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O Site-Index Is the average height that the
dominant or dominant and co-dominant
portion of the even-aged forest stand will
have at a specific age. Usually 50 years In
the eastern United States.
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O A tree that is 50 years old and has a
height of 70 feet would have a Sl of 70.

O Same species and age tree at a different
site I1s only 40 feet In height the Sl iIs 40.

0 Which site is more productive?
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Figure 1. Site index curves for loblolly pine at index age 50 years in the
Coastal Plain of Virginia, North Carolina, and South Carolina. (These
curves are based on stem analysis of 40 dominant trees in the middle

and lower Coastal Plain.)



Table 9.--Woodland Productivity--Continued

Potential productivity Average annual growth in*#*--

|
ordi- |

| |
Soil name and | |
map symbol |nation | | | | |
| symbol*|Commonly grown trees|Site |Cubic feet|Board feet| Cords
| | |index| per acre | per acre |per acre
| \ | | | \
| | | | | \
CdF***: | | | | | \
Calvin--------- | 4R |Northern red ocak----| 70 | 52 | 180 | 0.67
(north aspect) | |White oak----------- | 70 | 52 | 180 | 0.67
| |Hickory-----====---- | —= | --- | -
| |Red maple----------- | -- | = | ---
| |Black locust | - | --- | -
| | | | I
Dekalb--------- | 3R |Northern red oak----| 60 | 43 | 110 | 0.52
(north aspect) | |White oak----------- | 60 | 43 | 110 | 0.52
| |Hickory---------——-- | -—- -- | -—- | ---
| |Red maple----------- [ -- | --- | ---
| | | | \ |
Berks---------- | 3R |Northern red ocak----| 65 | 48 | 145 | 0.60
(north aspect) | |Wwhite oak----------- | 65 | 48 | 145 | 0.60
| |Eastern white pine--| 70 | - | --- | ---
| |Red maple---------—- | === -- | --- | -
| | | | | |
CAF***: | | | | | |
Calvin--------- | 3R |Northern red oak----| 60 | 43 | 110 | 0.52
(south aspect) | |White oak 60 | 43 | 110 | 0.52
| |Hickory -—- -- | -—- | -
| |Pitch pine---------- (| -- | -—- | ---
| | \ |
Dekalb--------- | 2R |Northern red oak----| 50 | 34 | 60 | 0.38
(south aspect) | |White oak----------- | s0 | 34 | 60 | 0.38
| |Chestnut oak-------- | 50 | 34 | 60 | 0.38
| |Pitch pine---------- | - - | -—- | -—-
| | | | | \
Berks---------- | 3R |Northern red oak----| 55 | 38 | 85 | 0.45
(south aspect) | |White oak----------- | 55 | 38 | 85 | 0.45
|Chestnut oak-------- 55 | 38 | 85 | 0.45
| |Pitch pine---------- | -—- -- | --- | ---

\ \ \ \ | |
CeB---=--—----mo | 4A |Northern red 80 | 62 | 250 | 0.81
Cateache | |Black cherry 80 | 50 | - | -

| |Cucumbertree-------- | 80 | -- | --- | -
| |American beech------ | === -- | -—- | ---
| |Sugar maple--------- | 80 | 50 | - | -
| | | | \ |
CeC--------——-—- | 4A |Northern red ocak----| 80 | 62 | 250 | 0.81
Cateache | |Black cherry-------- | 80 | 50 | -—- | -—-
| | Cucumbertree-------- | 80 | - | - | -
| | American beech------ | -- | -—- | s
| |Sugar maple--------- | 80 | 50 | -—- | ---
| | \ | | |
CeD--===-mmommem | 4R |Northern red oak----| 80 | 62 | 250 | 0.81
Cateache | |Black cherry-------- | 80 | 50 | --- | -—-
(north aspect) | | Cucumbertree-------- | 80 | -- | -—- | ---
| |American begech------ | === -- | - | -—-
| | Sugar maple--------- | 80 | 50 | - | ---
| | | | \ |
CeD------mmmmmm o | 4R |Northern red oak----| 70 | 52 | 180 | 0.67
Cateache | |Black cherry-------- 70 | 43 | -—- | -
(south aspect) | |Cucumbertree-------- 70 | 52 | - | ---
| |American beech- | -- | -—- | ---
| sugar maple--------- 70 | 43 | - | ---
| \ |

See footnotes at end of table.
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Table 8.--Woodland Management--Continued

Operability of

| \ | | | |
Soil name and | Erosion | Seedling | Plant |Haul roads and |Log landings** | equipment in
map symbol | hazard* | mortality* | competition* | skid roads** | | logging areas**
| | | | | |
| | | | \ |
\ | | | \ |
capers \ | | | \ |
Calvin---======= |Moderate: |Moderate: |Moderate: |Moderate: | severe: |Moderate:
(north aspect) | slope. | rock | high productivity.| slope, | slope. | slope.
| | fragments. | | low strength. | |
| | | \ |
Dekalb---------- |Moderate: |Moderate: |Slight----==--nnuuon |Moderate: | severe: |Moderate:
(north aspect) | slope. | rock | | slope, | slope. | slope.
| | fragments. | | depth to rock. | |
[ \ | | \ |
Berks----------- |Moderate: |Moderate: |8light----—-------- |Moderate: | severe: |Moderate:
(north aspect) | slope. | rock | | slope. | slope. | slope.
| | fragments. | | | |
\ \ | | | \

CAB***: \ \ | | | \
calvin---------- |Moderate: |Moderate: |Slight----=--mououou |Moderate: | severe: |Moderate:
(south aspect) | slope. | rock | | slope, | slope. | slope.

| | fragments, | | low strength. | |
| | slope. | [ \ |
| | | | \ |
Dekalb---------- |Moderate: |Moderate |slight--------oooov |Moderate: | severe: |Moderate:
(south aspect) | slope. | rock | | slope, | slope. | slope.
| | fragments, | | depth to rock. | |
| | slope. | | \ |
| | | | \ |
Berks----------- |Moderate: |Moderate: |Sslight-------=----- |Moderate: | severe: |Moderate:
(south aspect) | slope. | rock | | slope. | slope. | slope.
| | fragments, | | \ |
| | slope. | | \ |
| | | | \ |
CdF***: | | | | \ |
Calvin---=--=----- |severe |Moderate: |Moderate: | severe: | severe: | severe
(north aspect) | slope. | rock | high productivity.| slope. | slope. | slope
| | fragments. | | | |
| | | [ \ |
Dekalb---------- | Severe: |Moderate |slight----mommmoom | severe: | Severe: |severe
(north aspect) | slope. | rock | | slope. | slope. | slope
| | fragments. | | | |
| | | \ \ |
Berks-—---------- | Severe |Moderate |slight-------cmou- | severe: | severe: |severe
(north aspect) | slope. | rock | | slope. | slope. | slope
| | fragments. | | | |
| [ | \ \ |
CAF®A; | | | \ \ |
calvin---------- | severe |Moderate: |slight-----==-===---- | severe: | Severe: | Severe
(south aspect) | slope. | rock | | slope. | slope. | slope
| | fragments, | \ \ |
\ | slope. | | \ |
\ | | | \ |
Dekalb---------- | severe: |Moderate |8light--------coooo | severe: | Severe: | severe
(south aspect) | slope. | rock | | slope. | slope. | slope
| | fragments, | | | |
| | slope. | | \ |
1 \ | | \ |
Berks----------- | Severe: |Moderate |8light=~-=er=mcass | severe: | severe: | severe
(south aspect) | slope. | rock | | slope. | slope. | slope
| | fragments, | | | |
[ | slope. | | \ |
| | | | [ |
CeB---——————————— |slight----|slight------- |Moderate: |Moderate: |Moderate: |slight
Cateache | | | high productivity.| low strength. | low strength. |
| | \
\ | \

SR eic.  MERLiianAcoT g S RO

X i S TR A

70












> o
d&







W a{ “‘ W

m | \'
h“fig\'“ ! ‘.

Q "-‘I‘:

'. \“" -

76































Summary

O Solls are an important component of the
forest ecosystem.

O Solls influence the productivity of the
forest site.

0 Solls influence how the forest should be
managed to maintain productivity.

O Solils are an integral component of many
of natures cycles, In particular the water,
the carbon and the nitrogen cycles.
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SOILS
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