
Soil:  Definition and Basic 
Properties
Allen Hayes, Soil Scientist, NCDA, Division of Soil & Water 
Conservation

Presenter
Presentation Notes
Welcome to this training on basic soil properties.  We will be looking at the basic morphological characteristics of soil such as horizonation, depth, color, texture, structure and consistence.  In order to adequately address these soil properties, I will first address how soil is defined, what soil is and where it comes from, which will give us a context for seeing how these basic soil properties impact soil classification and soil interpretations.  Because, in the end, how we interpret soil properties is how we can be most helpful to the landowners and farmers that we advise.  



Soil Defined:  USDA-Natural Resources 
Conservation Service

▪ “Soil…is a natural body comprised of solids (minerals and organic 
matter), liquid, and gases that occurs on the land surface, occupies 
space, and is characterized by one or both of the following:

▪ horizons, or layers, that are distinguishable from the initial material 
as a result of additions, losses, transfers, and transformations of 
energy and matter 

▪ or the ability to support rooted plants in a natural environment.”    
(Soil Survey Staff, 1999)

Presenter
Presentation Notes
What is soil?  Whenever I ask this question to school kids, I almost always get the same answer…they always say soil is…dirt!  They say, soil is dirt.  The thing is, I believe that if you asked that same question to just about anybody, not just school kids, they’d give you the same answer.  Soil is dirt.  Thus, it seems to me that ignorance of soil is profound.  And, the truth is, I believed soil was “dirt” for most of my young life until I took my first soils class at NC State University in 1977.  In the very first class, almost the very first words out of Dr. Maurice Cook’s mouth were, “Soil is not dirt.  Dirt is the stuff under your fingernails.  Soil is something altogether different.”  The definition on this slide, from 1999, is an updated version of the one Dr. Cook used back in 1977, but it is not dissimilar, and it is the definition of soil we still use today.  According to the Soil Survey Staff of the US Department of Agriculture, Natural Resources Conservation Service, soil is… READ DEFINITION.This is a complicated definition.  So, let’s break it down a little bit.



Soil Defined:  USDA-Natural Resources 
Conservation Service

▪ “…a natural body…”
▪ Forms naturally in terrestrial ecosystems
▪ Not man-made

Presenter
Presentation Notes
Soil is…”a natural body…”.  Per this definition, all that is being said here, I think, is that soil forms naturally, as a natural body, in our terrestrial ecosystems.  It is not man-made.  Soil would be here with or without mankind.  It is wild, so to speak, and as natural as any rock, plant or living thing on the planet.  Soil is a “natural body”…



Soil Defined:  USDA-Natural Resources 
Conservation Service

▪ “comprised of solids (minerals and organic matter), liquid, and 
gases…”
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Presentation Notes
“…comprised of solids, namely minerals (the earthen material) and organic matter (the living or once living material).Comprised of “liquid”, mostly water, and comprised of “gases”, mostly air.The diagram shows a general breakdown of the percentage of solids, liquid and gas in an ideal soil.  The solids makeup approximately 50% of the volume.  The mineral material occupies about 45% and organic matter occupies about 5%.  The water and air make up the remaining 50% occupying the soil pore space, the spaces between the soil solids.  In an ideal soil, the water and air vary more than or less than about 25% each depending on the wetness or dryness of the soil.So, “soil…is a natural body comprised of solids (minerals and organic matter), liquid, and gases that…”



Soil Defined:  USDA-Natural Resources 
Conservation Service

▪ “…occurs on the land surface,…”

▪ “…occupies space…”

▪ Has “horizons, or layers, that are 
distinguishable from the initial 
material as a result of additions, 
losses, transfers, and 
transformations of energy or 
matter, or

▪ Has “the ability to support rooted 
plants in a natural environment”
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Presentation Notes
“…occurs on the land surface”.  That is, soils are formed at the interface of the earth’s geology and the earth’s atmosphere or climate—the land’s surface.  For soil classification purposes, soils occur within the upper two meters, about 80 inches, of the earth’s terrestrial surface.  This two meter depth is arbitrary, but practical since most soil profiles are fully expressed within the upper 80 inches.  “…that occupies space.”  Soils occupy space.  In other words, soils are three-dimensional.  The smallest horizontal area that can be classified ranges from about 1 m2 to 1o m2 and is called a “pedon”.  As noted above, the vertical goes to ≤80 inches below the surface.…and has, “horizons, or layers, that are distinguishable from the initial material as a result of additions, losses, transfers, and transformations of energy or matter.”  This parameter of the definition is highlighting that soils are formed as a result of the weathering process on geologic (or parent) material and that soil horizons form as a result of the soil forming pr0cesses, namely additions, losses, transfers (or translocations) and transformations.  These processes take the form of changes in the developing soil based on the environmental energies acting on the soil, resulting in the layering or horizonation of the soil profile.…or, [has] the ability to support rooted plants in a natural environment.”  This last phrase of the definition is a catch-all phrase stating that any material that can support rooted plants in a natural environment may be considered a soil, even if it lacks horizonation or other evidence of soil forming processes.  Most soils have both horizons and the ability to grow plants in a natural environment.



Soil Formation (briefly)

▪ Soil vs. Dirt

▪ Soil forming factors
▪ Parent material, climate, biology, 

relief and time

▪ North Carolina has about 400 soil 
series

▪ United States has about 20,000 
soil series
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So, this is the definition of soil:“Soil…is a natural body comprised of solids (minerals and organic matter), liquid, and gases that occurs on the land surface, occupies space, and is characterized by one or both of the following:-horizons, or layers, that are distinguishable from the initial material as a result of additions, losses, transfers, and transformations of energy and matter -or the ability to support rooted plants in a natural environment.”This hardly sounds like the stuff under your fingernails.  And to add to the difference between soil and dirt, soils are enormously variable.  There are about 400 different soils in North Carolina and about 20,000 in the United States.  This variety can be attributed to the Five Soil Forming Factors—one, parent material (think rocks, mostly) being acted upon by two, climate; and three, biology; in the context of four, relief (think topography); and five, time.  Parent material, climate, biology, relief and time.  These are the five soil forming factors, and they vary greatly all over the earth such that each environmental setting generates, develops and sustains the unique soils that form there.  Soil is amazing stuff and a long way from being “just dirt”.



Soil Defined

▪ “Nature has endowed the Earth with glorious wonders and vast 
resources that man may use for his own ends. Regardless of our 
tastes or our way of living, there are none that present more 
variations to tax our imagination than the soil, and certainly none so 
important to our ancestors, to ourselves, and to our children.” 

-Dr. Charles E. Kellogg, The Soils That Support Us, 1956 

Presenter
Presentation Notes
It only seems appropriate to end this section of the presentation by quoting Dr. Charles Kellogg, Former Chief of the USDA Bureau of Chemistry and Soils, a forerunner of today’s Natural Resources Conservation Service.  Dr. Kellogg thought deeply about soils and makes this observation in his 1956 book, The Soils That Support Us.  He states…READ QUOTE.This observation is certainly true.  Now let’s look at some of the basic properties of soils.



Basic Soil Properties

Soil Science:  Edaphology vs. Pedology

• Edaphology
• the study of how soil affects the way 

humans use the land, especially for 
growing plants

• Involves soil fertility

• Pedology
• The study of soil classification, 

pedogenesis and soil morphology
• Involves differentiating soil types, to a 

large extent, based on their 
morphology—how they look and feel

Presenter
Presentation Notes
There are two broad branches of soil science: one, edaphology; and two, pedology.  Edaphology is the study of how soil affects the way humans use the land, particularly with regard to plant and crop production.  Soil fertility issues are covered here, including basic soil properties like soil pH and cation exchange capacity.  I believe soil fertility was covered in the training preceding this one.Pedology is the study of soil classification, pedogenesis and soil morphology and involves differentiating soil series based primarily on soil physical properties—the soil morphology—the things you can see and feel—the things that a soil scientist would describe when writing a soil profile description.  This pedological perspective on soils is the basis for this presentation on basic soil properties.So, working from a soil profile description form used in the Division of Soil & Water, let me outline what we will cover in the rest of the presentation.  We will be touching on soil horizons—the master horizons, particularly.  We’ll be touching on depths, the depths of particular horizons and overall soil depth which includes the depths to paralithic and lithic contacts.  Then will talk about the things you are likely more familiar with, for instance, soil color which can tell us a lot about the soil, such as the depth to the seasonal high water table which clues us in on the soil drainage class.  We will also talk about soil texture, soil structure and soil consistence.  Hopefully, having more knowledge of the these basic soil properties will give you a greater appreciation for the soils you work with almost every day.



Soil Master Horizons

▪ Surface horizons
▪ O horizon
▪ A horizon

▪ Subsurface horizon
▪ E horizon

▪ Subsoil horizons
▪ B horizon
▪ BC horizon

▪ Substrate (Parent Material)
▪ C horizon
▪ Cr horizon
▪ R horizon

Solum

(zone of illuviation)

(saprolite)
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Presentation Notes
As alluded to earlier, soils form as the result 0f the weathering process, or, adding specificity, soils form from parent material being acted upon by the climate and biology in the context of relief and time, to use the five soil forming factors.  The horizonation in soils occurs through the four soil forming processes:  namely additions, losses, translocations and transformations.  I’ll give just a brief explanation of how this layering process work to create the soil profile in this slide.We start with soil parent material (think rocks).  Upon exposure to the surface environment, rocks go through the process of mechanical weathering.  Mechanical weathering is where big chunks of rock become smaller and smaller chunks rock over a long period of time.  This degradation of the rock occurs due to normal climatic and biological activity such as freezing/thawing, wetting/drying, and abrasion by wind borne particles.  Eventually, plants begin to take root and continue prying chunks of rock apart.  In addition, plants add organic matter to the surface.  Undecomposed organic matter on the surface forms the O horizon.  The decomposing organic material that is integrating with the weathering mineral portion at the surface is forming an A horizon.  This is the soil forming process of “additions”.  When the rocks weather to the point of being very, very small, then mechanical weathering yields to chemical weathering.  In chemical weathering, the rock minerals are transformed, chemically, into clay minerals. This is the soil forming process of “transformations”, and the beginning of the formation of the subsoil or B horizon.  When E horizons form in soils, it is the result of clay and other fine particles or compounds migrating deeper into the soil profile, leaving behind a bleached, usually sandy, horizon.  This migration of particles is called eluviation and represents the combined soil forming processes of “translocations” and “losses”.  The “E” on E horizons comes from the “E” at the beginning of the word “eluviation”.  The accumulation of this migrating material in the subsoil is called “illuviation” and represents an “addition” to the subsoil.Please note that the O, the A and the E horizons are considered surface horizons.  Further note that the combined surface horizons and the subsoil (the B horizons) form the soil solum.  The solum is the part of the soil that has been subjected to soil forming processes.  The material below the solum, the substrate (the C, Cr and R horizons), retains the rock structure although it may be in various stages of the weathering process.The C horizon is weathering, rotten rock commonly called saprolite.  It is distinguished from the Cr horizon in that the C horizon is “diggable” using hand tools and the Cr horizon is not.  The Cr is typically more firm, more brittle and less weathered. Finally, the R horizon is hard, unweathered bedrock.  



Soil Depth Classes

Soil Depth Classes*  (depth to Cr or R layer)

Very shallow ˂25 cm (˂10 inches)

Shallow 25 – 50 cm (10-20 inches)

Moderately deep 50-90 cm (20-36 inches)

Deep 90-150 cm (36-60 inches)

Very deep ˃150 cm (˃60 inches)

*Soil Survey Manual, USDA-NRCS
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Presentation Notes
As mentioned before solum depth includes the surface, subsurface and subsoil horizons—the O, A, E, and B horizons.  However, the C horizon is included when it comes to determining the overall soil depth.  The information in this chart gives the Soil Depth Class based on the depth ranges to the Cr horizon (the paralithic contact) or the R horizon ( the lithic contact).  Official soil series descriptions may list depth ranges to the paralithic contact and greater than depths for the lithic contact.Most soils in North Carolina are deep or very deep.  However, there are a few that occur in the very shallow, shallow, and moderately deep classes.  Following are some slides featuring North Carolina soils of varying depths and varying arrangements of the master soil horizons.



Craggy series

▪ Shallow soils found on upland 
ridges and sides slopes

▪ Well defined A horizon(s) to a 
depth of about 10-20 inches 
(granular structure)

▪ Usually no B horizon (no 
translocation of fines)

▪ Horizon sequence:  A - R



Appling series

▪ Very deep soils on Piedmont 
uplands 

▪ Well defined A and E horizons 
(granular structure)

▪ Well defined B horizon (blocky 
structure)

▪ Horizon sequence:  A -E - B - C 
▪ C horizon at ˃40 inches, and…
▪ Extends tens of feet deep



Wake series

▪ Shallow soils on Piedmont 
uplands

▪ Well defined A horizon 0 to 
about 6 inches (granular 
structure)

▪ C horizon from about 6 to 12 
inches (massive or rock 
controlled structure)

▪ R layer hard granitic bedrock 
below about 12 inches

▪ Horizon sequence:  A - C - R



Duplin series

▪ Very deep soils (MWD) on Coastal 
Plain uplands

▪ Well defined A horizon 0 to about 
8 inches (granular structure)

▪ E horizon is present, from about 8 
to 12 inches

▪ Bt1 horizon (12-22 inches) is sandy 
clay with weak blocky structure

▪ Bt2 and Bt3 horizons are sandy 
clays with blocky structure and 
distinct mottling

▪ Horizon sequence:  A - E - B - C



Duckston series

▪ Very deep (PD) soils found 
between coastal dunes and on 
fringes of marshland

▪ Distinct A1 horizon with 
accumulation of organic matter

▪ A2 horizon with sandy texture 
and single grained structure

▪ Cg horizon suggests extensive 
inundation or location of 
permanent water table

▪ Horizon sequence:  O(?) - A - C 



Soil Color

▪ Most obvious soil characteristic

▪ Has little or no effect on behavior and use of soil

▪ However, provides clues about other soil properties and conditions

Presenter
Presentation Notes
Now that we have a basic understanding of soil horizons and soil depth, let’s look at soil color.  Soil color is likely the most obvious characteristic a person will notice when first seeing a soil profile.  It is a very useful soil characteristic to describe, because, while it may have little or no effect on the functionality of soil, it is extremely helpful in assessing other soil properties or conditions.



Soil Color:  Munsell Color Charts

5R

7.5R

10R

2.5YR

5YR

7.5YR

10YR

2.5Y

5Y

Most Red

Most Yellow
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Before talking about what soil properties and conditions are revealed by soil color, let’s talk about how soil scientist describe soil color.When soil scientists are describing soil color, they need to be as specific and as objective as possible, because, to simply say a soil horizon is red, or yellowish brown, or light gray is not good enough.  That’s why soil scientists describe color using Munsell Soil Color Charts.  A Munsell Soil Color book typically has 9 pages or charts.  Each page, or chart, represents a different hue, with the hues ranging from red to yellow since most soil colors tend to be in the red to yellow range.  The hues are as follows:  5R, 7.5R and 10R for the most intensely red colors; 2.5YR, 5YR, 7.5YR and 10YR for the yellow-red colors, which is where most soil colors occur; and 2.5Y and 5Y for yellow colors.  The 5R hue is the most red color and 5Y is the most yellow color.  The hues grade gradually in between these hues.  Often, each book will contain two additional pages/charts for gleyed colors.  Gleyed soil colors are seen most often in soils horizons that have been saturated permanently or nearly so.  These two additional pages/charts are called Gley 1 and Gley 2.  Overall, there is an average of 35 chips per page for the regular hues and 42 chips each on the Gley pages, giving the soil scientist about 400 colors to choose from.



Soil Color:  Munsell Color Charts

▪ Hue
▪ Redness or Yellowness of soil

▪ Value
▪ Lightness or darkness of hue

▪ Chroma
▪ Intensity or brightness of hue

Example Calls:
5YR 5/8 (yellowish-red)
10YR 5/8 (yellowish brown)
10YR 6/2 (light brownish gray)

Presenter
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The page/chart in this slide shows the 5YR hue with 33 color chips on it.  These chips represent a range of colors within the 5YR hue and are arranged according to their “value” and “chroma”.  Value is the relative lightness and darkness of the hue and occurs on the y-axis with the light-colored chips at the top of the page, grading to the darker chips at the bottom of the page.  Soil chroma is the relative brightness or intensity of the hue.  Chroma occurs on the x-axis with duller colors on the left-hand side of the page, brightening as you move to the right-hand side of the page.  The white oval shaped space between the chips represents a hole in the page.  The idea is to hold your soil sample behind the page, such that you are looking at the sample through the hole, making color comparisons more convenient.  In addition, to get the best results, look at the sample in full sunlight, using your naked eye.  In other words, no sunglasses, please.  Let’s look at an example for recording soil color.  Let’s say the chip matching your sample is on the 5YR page, at value row 5, on the 8 chroma column.  In that case, the soil scientist will record the color as 5YR 5/8.  If you look at the page opposite the chart, you will see that 5YR 5/8 is “yellowish-red”, one of three yellowish-red chips.  So, to simply say that the soil color is yellowish-red is not accurate enough.  But, because we’ve associated the color with a specific chip, then anyone with a Munsell color chart can see the exact color we thought we saw in the field. That level of specificity of color is the most objective and what we want to describe.One last point here, you may have heard the phrase “low chroma” before.  Low chroma color are used by soil scientist to determine the seasonal high water table.  On Munsell Soil Color Charts, low chroma colors are those found at “values” equal to and greater than 4 and chromas equal to and less than 2.  Here they are on the 5YR page.  



Soil Color:  Three Factors Influencing Soil Color

▪ Organic matter content

▪ Water content

▪ Presence and oxidation states 
of iron and manganese oxides

Presenter
Presentation Notes
As stated earlier, soil color in and of itself has little or no effect on the functionality of soil.  However, soil color is a big help when determining certain soil properties and conditions, namely the presence of organic matter, the presence of water in the soil profile, and the presence and oxidation states or iron and manganese oxides.  Let’s look briefly at each. 



Soil Color and Organic Matter Content

▪ Organic matter darkens the soil
▪ Additions of decaying flora and fauna 

on the soil surface—A horizon
▪ Wet and/or cool soils have thicker 

dark surfaces

▪ Spodosols
▪ Translocation of organic material 

forming a dark subsurface horizon
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When plants and animals die, their bodies decay and are incorporated into the soil through the soil forming process of “addition”.  This organic matter darkens the soil, contributing to the formation of the A horizon.  The thickness of the A horizon can tell a lot about some of the conditions under which the soil surface forms.  For example, in cool and/or wet conditions, the decaying process slows down, leading to an accumulation of organic material that is absent in soils in hotter, drier conditions.  Another situation where organic material darkens a soil horizon is through another soil forming process called translocation.  This occurs when organic matter migrates from the surface horizon down to a lower depth, forming what is called a spodic horizon.  These horizons typically have a dark-reddish tinge and usually form in sandy soils in southeastern North Carolina.These are two ways in which organic matter affects soil color.



Soil Color and Water Content

▪ Used to determine Seasonal High Water Table
▪ Low chroma colors (values ≥4 and chromas ≤2)

▪ AKA:  redox depletions, gray mottles or gray matrix
▪ SHWT placed where low chroma colors closest to the soil surface

▪ Used to determine Soil Drainage Class
▪ Well-drained:  ≥40 inches
▪ Moderately well-drained:  ˂40 inches, but upper Bt is depletion free
▪ Somewhat poorly-drained:  Depletions just below A horizon, but bright 

matrix
▪ Poorly-drained:  Depleted matrix below A horizon with ochric surface
▪ Very poorly-drained: Depleted matrix below A horizon with umbric 

surface
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Probably the most common soil characteristic that is determined based on soil color is the seasonal high water table.  What does soil saturation have to do with soil color?  A lot it turns out, and I’ll go over why that is in a minute.  For now, let’s note that, in general, dry soils are brightly colored, and where soils are saturated, they tend to have gray, low chroma, redox depleted colors.  Because of this relationship between soil color and soil saturation, even though the water table in the soil is dynamic (high in the winter, low in the summer), a soil scientist can determine how high the water table comes up in the profile based on how deep these gray colors occur below the soil surface.  The photograph above is a Goldsboro soil, a very common soil in the North Carolina Coastal Plain.  The gray colors begin at about 30 inches below the surface.  Therefore, 30 inches would be the depth at which the seasonal high water table is recorded, regardless of whether or not the actual water table is encountered.  This concept of determining the depth to the SHWT has led to the idea of soil drainage classes.  In well-drained soils the gray colors/SHWT is ˃40 inches.  In moderately well-drained soils, like the Goldsboro, the gray colors/SHWT is ˂40 inches but the upper B horizon is brightly colored.  In somewhat poorly-drained soils, the upper B horizon is brightly colored, but has gray mottles.  In poorly-drained soils, the B horizon has a gray matrix, that is gray colors are 50% or more of the colors of the horizon.  Finally, very poorly-drained soils are like poorly-drained soils except that they have a thick, dark surface—the result of long term saturated conditions, slowing microbial activity, allowing the accumulation of organic matter in the surface. 



Soil Color and Water Content

▪ Soil color used to determine Seasonal High Water Table/Drainage Class

Presenter
Presentation Notes
The soil on the left is a Faceville soil and well-drained.The soil in the middle is the Goldsboro soil and is moderately well-drained.The soil on the right is a Grady (like a Rains or Coxville) soil and is poorly-drained.



Soil Color and Fe Oxidation States

▪ Iron (Fe) primarily responsible for red and yellow soil colors
▪ 3rd most common element in soil behind 0xygen and silica
▪ Silica & oxygen together white to gray
▪ Fe oxides “paint” soil particles red and yellow

▪ Geothite is yellow
▪ Hematite is red

▪ Oxidized iron:  ferric valence state (Fe3+)
▪ Dry, aerobic, oxidized soil
▪ Oxygen primary element for microbial respiration

▪ Reduced iron:  ferrous valence state (Fe2+)
▪ Saturated, anaerobic reduced soil
▪ Fe and other elements used for microbial respiration
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So now, we’ve seen that:  one, the organic matter content; and two, the water content can be interpreted based on soil colors.  Finally, three, the presence and oxidation states of iron and manganese can be interpreted based on soil color.  The oxidation state of iron and manganese is strongly related to the water content in soil.  First of all, the most common elements that make up soil particles are oxygen at 490,000 mg/kg and silica at 310,000 mg/kg.  Fe is a distant third at 26,000 mg/kg and Manganese is 14th at 550 mg/kg.  Silica and oxygen particles tend to be white and light gray colors.  Iron, in the form of various iron oxide compounds, “paints” the light colored soil particles in various shades of red and yellow.  Examples are goethite, lending a yellow color to soils, and hematite, lending a red color to soils.In brightly colored soils that are dry, aerobic, and oxidized, the iron is in an oxidized state with a elemental valence of Fe3+ , the ferric form of iron.  Ferric iron is insoluble in water, thus unaffected by water moving through the soil profile.  However, wherever the soil becomes saturated for a significant period of time, then oxidation-reduction reactions occur, reducing the valence state of iron from Fe3+ to Fe2+, the oxidized ferric form to the reduced ferrous form.  Ferrous iron is soluble in water.  Therefore, when the water drains away, it takes some of  the dissolved ferrous iron with it, exposing the naturally white to gray colors of the soil as gray mottles or a gray matrix.  By definition, the soil matrix color is the dominant color (˃ 50%) of a particular soil horizon. 



Oxidation-Reduction in Soils

▪ Needs organic matter, active microbes, ˃5oC temp, Fe oxides, ↓pH

▪ O2 + 4e- + 4H+ →     2H2O

▪ 2NO3
- + 10e- + 10H+ →    N2 + 6H2O          Denitrification

▪ MnO2 + 2e- + 4H+ →    Mn2+ + 2H2O         Manganese Reduction

▪ Fe(OH)3 + e- + 3H+ →    Fe2+ + 3H2O          Iron Reduction

▪ SO4
2- + 8e- + 9H+ →    HS- + 4H2O              Sulphate Reduction

▪ CO2 + 8e- + 8H+ →    CH4 + 2H2O               Carbon Dioxide Reduction

Presenter
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What drives these oxidation-reduction chemical reactions is based on soil microbes doing their job of decomposing organic matter.  As long as the soil is dry and aerated, aerobic microbes will decompose organic matter while respiring with oxygen.  However, when soil become saturated, if it has decomposable organic carbon, active soil microbes, ˃5oC in temperature, iron, and a lower pH range, then reduction-oxidation reactions will ensue.  The reactions occur in a series as follows.Once oxygen is depleted, the anaerobic microbes take over respiring first on nitrogen, giving of N2 gas in a process called denitrification.  Next is manganese which, like iron, is reduced from a +3 to +2 valence state.  When the water withdraws, it can solidify into hard black nodules in the soil.  When manganese is depleted, then iron is used for microbe respiration.  As noted, reduced iron is soluble and moves with the water.  Some will be lost to the soil and some will re-oxidize as bright mottles in the soil.  If iron is ever depleted, sulfur is the next element used for microbe respiration, producing hydrogen sulfide (HS-)gas, the rotten egg smell you can find in swamps on occasion.  Finally, if sulfur is depleted, then the last reduction-oxidation reaction is with carbon dioxide which produces methane (CH4).  Only manganese and iron (iron, particularly) produce soil color effects.  The rest of the reduction-oxidation reactions result in production of gases.



Soil Color and Fe Oxidation States

Faceville Goldsboro Grady (clayey Rains)
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The Faceville soil is bright throughout, aerated with iron in a ferric (Fe3+) state, probably Hematite given the red color.The Goldsboro is bright and aerated in the upper B horizon with the iron oxide likely being Geothite.  Below about 30 inches, the iron is likely in a reduced, ferrous state based on the presence of gray colors.The Grady soil is reduced throughout.  Iron would be in a reduced, ferrous state in this soil.



Soil Texture

Definition

▪ Relative proportion of sand, silt 
and clay 

Presenter
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Besides soil color, soil texture is another extremely important soil property and greatly influences how soils are interpreted for various uses.So, what is soil texture?  Soil texture is simply defined as the relative proportion of sand, silt and clay in a given soil sample.  There are twelve different soil textures recognized by the USDA-NRCS, and they are represented in the texture triangle on this slide.  The “light” soil textures are the sands—sand and loamy sand; the “heavy” soil textures are the clays—sandy clay, silty clay and clay; the remaining soil textures are the “medium” textures or the loams—sandy loam, loam, silt loam, silt, silty clay loam, clay loam and sandy clay loam.  The texture triangle shows the exact proportions of sand or silt or clay that make up the various soil textures.  For example, by studying the soil texture triangle, you can determine that the “loam” texture has the following proportional ranges:  28-50% silt, 7-27% clay and 23-52% sand.  This exercise can be done with each of the soil textures.  In common practice, the texture for any given soil sample is estimated by feel and how the soil responds to manipulation.  For example, how far will the soil sample ribbon out before breaking under its own weight.  The graph to the left shows how the length of the ribbon may correspond with soil texture.  Determining texture by feel takes practice, and reasonable estimates of texture can be made consistently by experienced soil scientists.  However, when it is important to know the actual soil texture, then Particle Size Analysis from a reputable soils lab is recommended.  



Soil Texture:  Fine Earth Fragment

▪ Relative sizes of sand, silt & 
clay particles
▪ Sand = gritty
▪ Silt = smooth, talc-like
▪ Clay = sticky, plastic

▪ Formation
▪ Sand & silt = mechanical 

weathering
▪ Clay = chemical weathering

▪ Surface area
▪ Sand & silt = chemically inert
▪ Clay = chemically active
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Another important point to make is that soil texture is limited to sand, silt and clay sized particles, otherwise known as the “fine earth fraction” of the soil.  Other solid material in the soil such as gravels, cobble, stones and organic matter are removed prior to lab analysis.The fine earth fraction is any mineral material 2 mm in diameter or less.  The sand sized fraction is 2.0-0.05 mm.  Silt is 0.05-0.002 mm.  Clay is any material less than 0.002 mm.  When texturing a soil sample by hand:  sand will feel gritty; silt will feel smooth and talc-like; and clay will feel sticky and plastic.  The size differences between the sand, silt and clay fractions is important to understand.  Generally, the sand and silt fractions are the products of mechanical weathering.  Their chemical make-up has not altered significantly from the rock minerals that produced them.  Therefore, sand and silt particles are chemically inert for the most part.  On the other hand, clay particles are produced through the process chemical weathering.  The rock minerals have been transformed into clay minerals, and the clay minerals are small enough (colloidal) to be chemically significant to the soils.  Also, the size of the clay particles gives it significantly more surface area than the sand and silt particles combined.  For a visual image, imagine three small boxes, say 1 in3.  Imagine one box filled with sand, one with silt and one with clay.  Hopefully, it is evident that the smaller clay particles have much more (up to 10,000x more) surface area exposed for a given volume.  Clay’s small size and significantly larger surface area is what makes clay such a significant property of the soil.  It is not too much to say that the character of the soil is based in large part on the kind, amount and character of the clay in the soil. 



Soil Texture—Flow Chart



Clay Types and Charge

▪ 1:1 clays vs. 2:1 clays

▪ Stability vs. Shrink-Swell

▪ Sources of charge
▪ pH dependent surface charge
▪ Isomorphic substitution

Presenter
Presentation Notes
In addition to its small size and large surface area, clay is chemically active because it is negatively charged.  The degree of negative charge (related to the soil’s cation exchange capacity) is based primarily on the kind of clay that forms from the parent material.There are two broad categories of clays:  1:1 clays and 2:1 clays.  Kaolinite is the primary example of a 1:1 clay and very common in North Carolina.  Montmorillonite is the primary example of a 2:1 clay and less common in North Carolina except in the Triassic basin landscapes of the state.  Also, 2:1 clays are part of the Smectite group of clays and often referred to as “smectitic clays”.Kaolinite is a very stable form of clay.  Structurely, kaolinite consists of a silica tetrahedral layer binding to the bottom of an aluminium octahedral layer, forming the 1:1 structure.  The 1:1 structures bound together with hydrogen bonds, fixing the structures together, preventing kaolinite from swelling when they become saturated.  On the other hand, montmorillonite is less stable because it consists of the aluminum octahedral layer sandwiched between two silica tetrahedral layers, forming the 2:1 structure.  The 2:1 structures are bound together with very weak oxygen-to-oxygen bonds and cation-to-oxygen linkages.  Therefore, the space between the 2:1 structures is variable.  The structures can pull apart when flooded with water, causing the clay to “swell”.   As the soil dries, the soil shrinks.  This is known as the “shrink/swell” effect and has profound repercussions on how a soil functions, or fails to function, for various uses.    



pH dependent charge

Presenter
Presentation Notes
So, where does the negative charge in these clays come from?For soils with kaolinitic clays, the charge is primarily pH dependent.  Because the layers of the kaolinite are fixed, only the surface and edges are available to hold the variety of cations and anions in the soil solution.  Above shows the exposed edges of an aluminum octahedral sheet with its negatively charged oxygen atoms exposed to the soil solution.  At low pH levels, there are plenty of H+ ions to occupy that exchange site.  As the pH increases, the concentration of H+ ions decreases, making the exchange sites available for other cations that can be made available to plants.  This is one reason why liming is important in the soils of North Carolina.This is also why kaolinitic soils have such a low Cation Exchange Capacity (CEC).  



Clay structure & charge
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Presentation Notes
In smectitic soils with the 2:1 clay layers, the negative charge is primarily the result of a process known as isomorphic substitution.  Here’s how it works.  In the combined tetrahedral layer (the top one) and octahedral layer (whether 1:1 or 2:1), the silica (Si4+) atoms with a valence of 4+ and the aluminum atom (Al3+) with a valence of 3+, are able to balance the negative charges of the oxygen and the hydroxyls (OH) around them.  However, in nature, the silica atom (4+) in the tetrahedral layer can be replaced by an aluminum atom (3+).  And, the aluminum atom (3+) in the octahedral layer can be replaced by a magnesium atom (2+).  Notice that the amount of positive charge has been reduced as a consequence of this “isomorphic substitution”.  Therefore, the overall charge of the clay mineral becomes negative.  Because montmorillonite expands, more exchange sites, with their negative charges, are available.  This availability of exchange sites makes the cation exchange capacity (CEC) of montmorillonite clays 20 to 40 times higher than kaolinite.That’s how isomorphic substitution works.



Humus exchange sites

Presenter
Presentation Notes
Organic matter has pH dependent sites but a much more amorphous structure.  O2- and OH- stick out into the soil solution from carboxylic, phenolic and alcoholic groups on the surface of humus colloidal particles.



Images of Clay

Presenter
Presentation Notes
Kaolinite clay is on the left.  Notice how the layers stack up like paper or books.Smectitic clay is on the right.  Notice the expandable, accordion-like layers of this clay.



Soil Structure—Types of Soil Structure

▪ Relates to the arrangement of 
sand, silt, clay and organic 
particles in soils.

▪ These particles become 
aggregated together due to 
various forces and at different 
scales to form distinctive 
structural units called peds.

Presenter
Presentation Notes
Soil Structure is another important soil property.  It relates to the arrangement of the sand, silt, clay and organic matter particles in the soil.  Soils obtain structure when these particles aggregate to form distinctive structural units called “peds”.The processes of aggregation are varied, occur at different scales and, in some instances, are not very well understood.There are 7 soil structures noted in the chart on this slide.  They are granular, blocky—subangular and angular, platy, prismatic, columnar, lenticular and wedge.  Lenticular and wedge structures are rare in North Carolina and will not be addressed in this talk.Single grain and massive soils do not form peds.  Therefore, they are not deemed to have soil structure and are considered structureless.  Let’s look at each of these structures.



Soil Structure—Granular (Crumb)
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Presentation Notes
This is granular structure; sometimes called crumb structure.  The peds vary in size and are generally spheroidal in shape.  Granular soil structure is nearly ubiquitous in A and E horizons across North Carolina.  Topsoils rich in organic matter tend to have more stable peds due to an abundance of soil microorganisms secreting glomulin and other biotic glues that help hold the peds together.  The layers that exhibit granular structure tend to have a relatively low clay content.  The most common textures are sandy loam, loam, loamy sand, silt loam and silt.



Soil Structure—Angular & Subangular Blocky

Angular Blocky Subangular Blocky

Presenter
Presentation Notes
This is blocky soil structure.  Notice the “blocky” appearance of the peds.  On the left, angular blocky peds have sharp edges and tend to be more strongly expressed in the soil.  On the right, subangular blocky peds have rounded edges and corners and tend to be less well expressed than the angular blocky peds.  Blocky structure in soils is believe to involve the presence of water in and moving through the soil profile.  The exact mechanism is not well understood.Blocky soil structures occur most commonly in subsoil (B) horizons.  In addition, the clay content tends to be higher in soils with blocky structure.  Textures are commonly sandy clay loam, loam, silt loam, silty clay loam, clay loam, sandy clay, silty clay and clay.  Blocky soil structure, particularly, subangular blocky structures is by far the most common soil structure in North Carolina soils.   



Soil Structure--Platy
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This is platy soil structure.  It may occur naturally in North Carolina soils, but more often than not it is found in soils that have been subject to heavy traffic and compaction, taking a granular soil structure, for instance, and crushing it into flat platy layers.Per this observation, platy soil structure occurs more often in surface horizons, at least in North Carolina.  



Soil Structure—Prismatic and Columnar

Prismatic Columnar
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This is prismatic and columnar soil structure.  These two soil structures are similar in that the ped is vertically tall like a column.  If the top of the column is flat, then the structure is prismatic.  If the top of the column is rounded, then the structure is columnar.  Prismatic and columnar soil structure occurs in subsoil (B) horizons and often poorly-drained because water drains so slowly through these peds.  The clays tend to be heavy and smectitic.Prismatic and columnar soil structure occurs rarely in North Carolina.  It is most common in arid or semi-arid regions.  



Soil Structure—Massive (Structureless)

Massive (M)

Single Grain (SG)
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These are massive soil structures.  Massive structure in the soil profile lacks soil forming processes that produce peds.  In other words, there are no peds associated with massive structure.  There are two forms:  massive and single grain.  Massive structure in North Carolina is associated with parent material.  Parent material, or saprolite, in the C horizons is said to be “massive” because it retains the rock matrix of the parent material even though it can be easily dug with an auger or other hand tools.  Massive structure can also be in riverine and marine deposits that have yet to be altered by soil forming processes.  These kinds of deposits underlay the whole Coastal Plain of North Carolina and can range from clays to silts to sands.Finally, massive structure can also be assigned to soil horizons in soils very high in montmorillonite clay, looking like the photo on the left in this slide.  Soils high in montmorillonite clay are common in the Triassic Basin areas of North Carolina.  Single Grain structure is pure sand.  The silt and clay content is so low as to be negligible.  There is no pedogenic process occurring and one is not likely to occur given the material.  The massiveness is that lack of form, that lack of soil structure.



Soil Structure—Grade and Size Class

▪ Grade
▪ How well structure is expressed.

▪ Grades
▪ Weak (1)

▪ Peds barely observable in-situ or in 
hand.

▪ Moderate (2)
▪ Peds well-formed in-situ or in 

hand.
▪ Strong (3)

▪ Peds distinct in-situ and separate 
cleanly when disturbed.

Example Calls:  “1mgr” or “3msbk”

▪ Size Class

▪ Granular
▪ Very Fine (˂1 mm)—vf
▪ Fine (1 to ˂2 mm)—f 
▪ Medium (2 to ˂5 mm)—m 
▪ Coarse 5 to ˂10 mm)—co 
▪ Very Coarse (≥10 mm)—vco

▪ Blocky
▪ Very Fine (˂5 mm)
▪ Fine (5 to ˂10 mm)
▪ Medium (10 to ˂20 mm)
▪ Coarse 20 to ˂50 mm)
▪ Very Coarse (≥50 mm)

Presenter
Presentation Notes
Soil structure is described by grade size and type.  The “grade” of the peds; that is, how well the structure of the peds is expressed as:  “weak”, barely observable in-situ and associated with the number 1; “moderate”, peds well formed in-situ and associated with the number 2; and “strong”, peds are distinct in-situ and associated with the number 3.  Size class ranges from very fine (vf) to very coarse (vco).  The sizes that are associated with these classes varies depending on the type of structure being described.  This slide shows the size classes for granular and blocky structures, the most common structures found in North Carolina.Finally, the type of structure is indicated.  For example, a horizon with weakly expressed granular peds, 3 mm wide would be classified as having weak, medium granular structure and designated on the soil profile description as 1mgr. Distinct subangular blocky peds that are 16 mm wide would be classified as strong medium subangular blocky structure and designated as 3msbk.  



Soil Consistence

▪ Moist Soil (Friability)
▪ Loose (l)—single grain structure
▪ V. Friable (vfr)—very slight force
▪ Friable (fr)—slight force
▪ Firm (fi)—moderate force
▪ V. Firm (vfi)—strong force

Definition—the resistance of soil to deformation or rupture under an 
applied stress.

Presenter
Presentation Notes
Soil consistence is the resistance of a soil ped to deformation or rupture under applied stress.  Basically, this means:  how hard is the soil ped?  And, how hard to you have to work to “mash it” in your hand?Soil consistence can be determined when the soil is dry, moist or wet.  The only two that really matter in North Carolina is moist and wet. When the soil is moist, soil consistence is referred to as soil “friability” or “firmness”.  The ranges are listed here in the slide.  Basically, you take a sample from a given horizon, press it between your finger and thumb and describe it’s friability or firmness based on the descriptions above.



Wet Consistence

▪ Wet Soil (Stickiness, Plasticity)
▪ Stickiness
▪ Non-Sticky—Little adherence to fingers
▪ Slightly Sticky—Adheres, little stretch
▪ Mod. Sticky—Adheres, some stretch
▪ V. Sticky—Adheres firmly, stretches

▪ Plasticity
▪ Non-Plastic—can’t form 6 mm rod
▪ Slightly Plastic—6 mm forms, 4 mm not
▪ Moderately Plastic—4 mm yes, 2 mm no
▪ Very Plastic—2 mm forms and supports 

weight
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Wet consistence measures the stickiness and plasticity of a given soil sample.  Generally, these tests described in this slide are used only to help soil scientists determine if the clays in a sample are smectitic or not.  The general procedure is to get a soil sample about the size of a ping pong ball.  Wet the sample with water until it is thoroughly saturated.  Work it up and squeeze it between your finger and thumb see how it responds based on the stickiness parameters listed in the slide.  This is how stickiness is determined.Then make sure the sample is thoroughly wet again and roll it out based on the diagram in the slide.  You will be losing some of the sample during this process.  See how small you can make the 4-cm long rolls and judge plasticity based on the parameters in the slide.  This is how plasticity is determined.When the soil sample is very sticky and very plastic, then you are likely looking at a smectitic, 2:1 clay.



Basic Soil Properties Summary

▪ Provide a basis for classifying soil
▪ Soil properties occur within a range of characteristics for a particular soil series
▪ Not all are morphologically deduced.  Lab data needed for some distinctions.

▪ Provide a basis for interpreting soils for various uses
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