Identifying Soil Drainage By Color

Color is one of the most obvious features of a soil profile.  Inherent color reflects the color of the rocks from which the small mineral particles were derived.  As the small particles weather and interact chemically with plants and animals they change color or become coated with colored compounds.  Understanding these color changes is tells us a lot about the history of a soil, particularly the seasonal abundance of water.  Soil particles take on colors that are different when saturated with water or not.  For this reason soil scientists often use soil colors to interpret drainage classes.

How Soil Colors Form

Soils are aerobic when air fills the soil pores.  The oxygen in air allows for oxides of iron and manganese to form.  These elements may be present in their mineral forms or complexed with organic matter.  Oxides of iron and manganese are red to yellow and impart those colors on aerobic soils.

Soils are anaerobic when soil pores are filled with water.  Oxygen is much less available in water than air to oxidize iron and manganese.  Not only is there much less (if any) oxidation of iron and manganese in anaerobic soils, but oxygen-starved bacteria turn to these oxides as a source of oxygen for respiration, reducing them to colorless or gray-colored compounds.  Reduced iron and manganese compounds are soluble in water and the movement of soil water under these conditions removes them leaving the soil either gray or the color of it’s mineral particles.

Soils that seasonally alternate between anaerobic and aerobic conditions have both gray and orange patches called mottles.  These mottles are zones of depletion and concentration of iron and manganese respectively.  The size and amount of mottles reflects the relative duration of anaerobic versus aerobic conditions and to some extent the movement of soil water.

Soils that are anaerobic for the entire growing season are entirely gray or bluish gray (gleyed).  If these conditions occur at the surface, organic matter often accumulates to form a muck or peat layer.

In some circumstances gray colors will not form: a) soil water is flowing and oxygen rich, b) amount of organic carbon is low or absent, c) amount of manganese oxides is high, or d) red clayey parent material masks the gray colors.

In some cases gray colors are present that are not formed in anaerobic conditions: a) soil particles comprised of quartz or kaolin are inherently gray, and b) layers where iron and manganese compounds have been leached away leaving a gray inherent color.
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How to Use Munsell Color Charts
Certain colors of gray are used to interpret soil drainage.  A reference book, the Munsell (
Soil Color Charts is used to precisely describe soil colors.

Each page in the book is a specific combination of red and yellow primary colors, called

hue. The hue designation for each page, e.g. 7.5YR, 10YR, 2.5Y, or 5Y, is found in the 

upper right corner. On each page there are color chips of various shades within the hue.  

There are seven rows of color chips on each page.  Each row represents a unique color

value; increments of lightness or darkness.  The value reference numbers, e.g. 3, 4, 5, 6,

7, or 8, are found on the left vertical axis.  The darkest row is at the bottom and the lightest

is at the top.    

There are five or six columns of color chips on each page.  Each column represents a

unique color chroma; increments of intensity or strength of a color.  Intensity increases

from left to right.  The chroma reference numbers, e.g. 0, 1, 2, 4, 6, or 8, are found on the

lower horizontal axis.

A color is described by selecting the chip that most closely matches and recording the specific combination of hue, value, and chroma, e.g. 2.5Y 5/4.

Gray colors formed under anaerobic conditions have a value greater than or equal to 4

and a chroma less than or equal to 2 on any page except the gley page where all colors

are diagnostic.

Soil drainage is determined by noting the depth that gray mottles or matrix from the top of the mineral soil.  See the soil drainage definitions and key.
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Field Procedure
a)
Observe changes in topography and vegetation to estimate areas with different drainage.  Select representative points from each area to sample.  The number of samples depends on the variability and complexity of the site.  Record the location of the samples on a map or photo.

b)
Sample the soil with a shovel or auger.  Select an undisturbed clod of soil and break it in two to get a fresh surface to describe color with.

c)
Use the charts by holding moist soil sample behind the color page, viewing it through the holes.  Find the color chip that most closely matches.  The chances of matching exactly is less than one in a hundred.

d)
Record: 1) The colors present

2) The depth to gray colors indicating saturated conditions

3) The pattern of colors; what is dominant (>50%) and what are mottles

Ex: 2.5Y5/4   base with 2.5Y5/2   mottles at 36 inches

      2.5Y4/2   base with 2.5Y6/8   mottles at 8 inches

