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INTRODUCTION

The Soil Science Laboratory Manual was made possible through a collaborative effort of Washington State

Community and Technical College TC) faculty and the Agriculture Center of Excellence. The Agriculture Center

of Excellence is one of eleven Centers of Excellence in Washington State. Centers are flagship institutions that

build and sustain Washi ngt otewide leadarsimp. eeach €enteréocuaed enant age t |
targeted industry that drives the stateds economy and |
and training programs. The Agriculture Center of Excellence focuses on responding taaeotridiming needs and

education in an industry that includes rural, urban, and related agriculture support organizations. The Center is a

central hub to collect and disseminate the most current agricultural training services.

In 2006, the Agricultur€enter of Excellence facilitated discussions with CTC faculty across the state about

common courses among multiple degrees and disciplines. Basic Soil Science was identified as one of those courses.
Additional conversations with CTC faculty who taught S&tience determined core topics included in soils
coursestaught in the CTC system and Washington State University. The CTC faculty found that the development of

a common Soil Science Laboratory Manual would be beneficial. The Center then contractedryikjack,

Instructor and Agriculture Department Chair, at Walla Walla Community College to compile the soil science labs

that are found in the manual. Jerry holds an MS from Washington State University in Agronomy and has served as
the lead soil sciere instructor at Walla Walla Community College since 1975.

The Agriculture Center of Excellence supports educational efficiencies, curricula sharing, and the integration of
common courses among multiple degrees. The purpose of the Soil Science Lahtaataal is to streamline
curricula sharing, promote consistency across disep] and provide applicable materials for CTC faculty and
additional educational partners, such as high school educators.

Agriculture Center of Excellence
500 Tausick Way

Walla Walla, WA 99362
www.agcenterofexcellence.com

ENTERS 01
EXCELLENCE

Funding for this project provided by the Washington State Board of Community & Technical Colleges.


http://www.agcenterofexcellence.com/

MATERIALS LIST FOR SOILS LABS

Lab #1: Soil Morphology

Soil samples of variable texture

Mortar and pestle (or similar device to remove aggregates from soil samples)
Water bottles

Examples of soil structural units (peds)

Munsell Soil Color Charts

moowz>

Lab #2: Soil Texture, Density, Porosity

Gram scales

Soil Mixer / Dispersion cups

Bouyoucos cylinders

Soils hydrometer

°C thermometers

100ml graduate cylinders

Dispersing agerit Sodium Hexametaphosphate

OTMUO®»

Lab #3: Cation Exchangeand Soil pH
Soil samples of various texture
Plastic measuring cufisapproximaté/ 50ml.
Distilled water

Ca C} solution

pH meter

Funnels and test tubes

KCI solution

Filter paper

Ammonium Oxalate solution
Dropper bottles

STIemMmMOOw>

Lab #5: Soil Surveyand Soils Mapping
A. County Soil Survey report
B. Access to computers and internet connections

Lab #6: Land Evaluation

Water bottles

Abney Levels or similar slope measuring device

Land judging manuals

Rulers to evaluate profile/horizon depth

Stakes for delineating parameters of site

Soilpitsineed to expose > 400 of soil profil e

Tmoow>

Lab #7: Soil Fertjjty and Management Soil Testing NG; TN

A. Soil samples

B. Light Colorimeteri Spectronic 20 is one used in most labs

C. Reagents:Distilled water Ca SQ-2 H,O Antimony
Chromotopic Acid (disodium salt) Concentrated Sulfuric Acid

D. Shaker / water bath
2



BASIC SOIL SCIENCE
LABORATORY EXERCISES




LAB #1: SOIL MORPHOLOGY

Objectives
After completing this laboratory, the student should be able to:
1. Define the terms soil profile, horizon, texture, structure, and mottle.

2. Describe ad use a systematic method for determining the textural class of a soil using
the feel method.

3. Use the Munsell Color Classification System to classify a soil based on Hue, Value, and
Chroma.

4. List five soil colors and give a possible cause for eadbr.

5. Explain the process and importance of mottling.

Introduction

The wordsoil, in a general sense, refers to all of the unconsolidated material occupying the
earth's surface. Soil is a mixture of varying proportions of inorganic mineral ekhgadicles,

living and dead organic matter, and voids or pores which contain variable amount of air and
water. It develops at the interface between the atmosphere and lithosphere (bedrock), forming a
blanket ranging in thickness from a few centimetersvio meters or more.

Soil is the medium from which most plants derive mineral nutrients and water. Soil also
provides physical support for both plants and animals including humans and the structures they
build. As you proceed through this exercise pkigemind that a soil is not an inert, unchanging
material. Rather, at any one time, a soil may be undergoing many simultaneous physical,
chemical, and biological changes.

As implied, an individual soil body occupies a certain definite section of tdedape. Soils

vary from one another in their properties and each has a unique internal organikatah.
profile is a single vertical cross section of soil extending from the surface into the underlying
unweathered parent material. The soil proBleamposedf horizons (horizontallayers of soil)
which may be characterized by physical, chemical, and biological properties.

Horizons may be divided into major categories corresponding sutifece soil(O, A, and E
horizons), thesubsurface soil(B horizons), and thsubstrate (C and R horizons).

Three of the most basic physical properties used to describe soil paoéitegture, structure,
andcolor. The following exercises are designed to give you some experience in describing these
properties



Soil Texture

Soil texture is concerned with teeof individual mineral particles. A major division in the
size of soil particles is made at a particle diameter of 2 mm. Soil particles with a diameter
greater than 2 mm belong to tbearse fractian, while soil particles less than 2 mm in diameter
belong to thdine earth fraction. The fine earth fraction itself is divided into three main size
separatess@nd, silt,andclay), as follows:

Sand: 2.0 to 0.05 mm
Silt:  0.05 to 0.002 mm
Clay: less than 0.002 mm

It is unlikely that a soil will consist of mineral particles of a single size category. Normally a soil
will contain some combination of sand, silt, and clay in addition to other organic and inorganic
constituents. Soils having silar proportions of sand, silt, and clay are grouped into one of
twelve textural classes. The textural trianglggre 1) was designed so thamycombination

of sand, silt, and clay could be placed in a textural class and assigned a name. Yauwdl le

use the textural triangle during a later lab.

Exercise A: Determination of Texture by Feel

Many times it is necessary to estim#tetextural class of a soil. The common field method for
classifying soil texture is bigel. Much can be judgeabout the texture of a soil by merely

rubbing it between the thumb and fingers. For example, a soil containing large quantities of sand
will fee gritty when rubbed between your fingers. Silt has been described as having the feel of
flour. A solid highin clay will be somewhat sticky (depending on the type of clay and the
moisture content) and can usually be molded like modeling clay. Your lab instructor will discuss
a systematic method for determining the textural class by feel and then help yoatealbur

fingers using samples representative of several textural classes. Following this, try your hand at
determining the textural class of the unknown soils provided. Don't get too discouraged, it takes
considerable practice to consistently placeiaknown soil in the correct textural class. Use the
flowchart in Figure 12 and the clues in Tablellto aid your determinations.



Unknown Soils

100

Figure :1.

\ Percent sand

Percentages of sand, silt, andydiathe textural classes.



LOAMY
SAND

Figure 12.
Source: S.J. Thien, J. Agried. 8:5455, 1979.
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Place approximately 25 g soil in
palm. Add water dropwise and knead
the soil to break down all aggre-
gates. Soil is at the proper con-
sistency when plastic and moldable,

Add dry soil to
soak up water.

like moist putty.

.

Does soil remain in a
ball when squeezed?

@

Place ball of soil between thumb and farefinger
lgently pushing the soil with the thumb, squeezing it
jupward into a ribbon. Fomm a ribbon of uniform
thickness and width. Allow the ribbon to
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and extend over the forefinger, breaking fram its
own weight.

N

o Does soil form a ribbon?
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™
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Neither gritti-
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"/

Does soil
feel very
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Neither gritti-
ness nor smooth-
ness predaminates

Determining soil texture by the "feel method".



Table 11.

Additional clues to the feel of textural classes:

SAND, LOAMY SAND
0 Almost all sand
o Individual grans easily seen and felt
0 Moist soil forms a cast that crumbles when squeezed

SANDY LOAN
0 Sand dominates noticeably
o0 Moist silt forms a cast that can be gently handled

LOAM
o Can feel all three soil separates but none dominates

0 Moist soil forms a cast thaan be freely handled
o Cast may be squeezed to form short, broken ribbons

SILT LOAM
o Dry soil has both a smooth and gritty feel
o Forms a stable cast when moist
o Short, broken ribbons (<2.5 cm) may be formed

SANDY CLAY LOAM
o Feels very gritty yet moisod will form a cast

0 Medium ribbons (2.5 to 5.0 cm) may be formed

CLAY LOAM
0 Moderate grittiness
0 Medium ribbons (2.5 to 5.0 cm) may be formed

SILTY CLAY LOAM
o Feels smooth, little grittiness
0 Medium ribbons (2.5 to 5.0 cm) may be formed

CLAY, SILTY C LAY, AND SANDY CLAY
o Often sticky, however, stickiness varies with clay type

o0 Long ribbons (>5.0 cm) may be formed
o Castis often very tough to work between thumb and finger



Soil Structure

Soil structure is defined as the arrangement of individual soilipl@s (sand, silt, and clay) into

larger aggregates callpeéds. The individual particles are held together by binding agents
including organic matter, clays, calcium carbonate, and iron oxides. Peds are described in terms
of theirtype (shape). Refaio Table 12 for further description of structure types.

Table 2. Description and location of soil structure types.

Structure Type Aggregate Description Common Location
Granular Small and spheroidal peds A horizon
Platy Aggregates are thifiat, and Compacted soils and E
platlike horizons
Angular Blocky Block-like peds with sharply B horizon
angled corners
Subangular Blocky Block-like peds with rounded B horizon
corners
Columnar Columnlike peds with rounded B horizon
caps
Prismatic Columnlike peds without roundec B horizon
caps

Exercise B: Soil Structure Types

Study the examples of structure types available in the lab. Also, examine several of the soll
monoliths hanging on the lab walls. Try to identify all of the strudiypes listed in Table-2.

Soil Color

Color can provide soil scientists and land users with many clues about the genesis and
mineralogy of a soil, provided the observers understand the causes for the various colors and are
able to interpret the coloms terms of soil properties. Information concerning organic matter
content, mineralogy, drainage, and aeration may be discerned from color and this information
applied towards the management and potential uses of a particular soil. It should be stressed,
however, that this information must be used with educated caution.



The colors of soil are derived largely from organic matter and minerals. Dark brown to black
colors at or near the surface of a soil profile generally indicate the presénoaus, a
heterogeneous organic colloid.

Soil color is markedly influenced by the oxidation state of iron. Yellow and reddisige
colors in soil are often the result of ferric (oxidized) iron*(eThus, yellow and reddish
orange soil colors may indicate tbeil is well drained and well aerated.

When the prevailing soil conditions are very wet and aeration is poor, ferric iron may be reduced
to ferrous iron (F&). Soil minerals in this case may exhibit grey colors or subtle shades of blue.

This phenomenors often referred to agleying by soil scientists. A grayishlue coloration in

the lower profile may indicate that the soil is saturated for most of the year and aeration is poor.

Iron presentn poorly drained soils may also exist as flecks or spbtgange and yellow. This
mottled soil color indicates a zone of alternate oxidizing and reducing conditions caused by
seasonal fluctuations in the water table. The water table is usually at its highest point during the
late winter causing saturationfehe lower portion of the profile. Iron is converted to the soluble
ferrous form (F&) under these low oxygen (reducing) conditions. During the low rainfall

season, the water table recedes and the availability of oxygen in the profile isicleases

converted to the insoluble ferric form (Fe3+) under these high oxygen (oxidizing) conditions.
The insoluble iron will deposit on ped surfaces as brightly colored iron oxides. The proximity of
mottles to the surface of the soil indicates the approemepth of the seasonally high water

table.

Whitish-grey soil colors may be the result of several processes and explaining their presence
depends largely on climatic considerations and the position of the color in the soil profile.
Whitish-grey colors fond near the surface, or overlying a clay layer, may indicate a zone of
extensive leaching. This type of leaching frequently producetbanhorizon. If whitishgrey

colors are found in a subsurface horizon of a soil receiving little rainfall, theroalpbe due to
accumulations of lime (CaG{) gypsum (CaSg), or other salts. These horizons are commonly
found in arid climates where there is insufficient moisture to leach to the soluble salts out of the
profile. Lastly, in certain regions, whitigirey colors may be due to deposits of volcanic ash.

Color is the sensation produced when light of a particular wavelength enters the human eye.
Unfortunately, everyone does not perceive nor describe color in the same manner. The color of
light is most acurately described by measuring it three principal properties, hue, value, and
chroma. Hue refers to the dominant wavelength of the light. Value, also called brilliance, refers
to the total quantity of light. It increases from dark to light colors.o@fris the relative purity

of the dominant wavelength of light. It increases with decreasing proportions of white light.

TheMunsell Color Systemis a standardized color designation that specifies the relative degree

of the three properties of color. &Munsell color notation can be quickly determined by
comparison of a soil sample with a standard set of color plates. The color notation (e.g. 10 YR
6/2) can be translated into a more conventional color name. For instance, 10 YR 6/2 corresponds
to the olor name light brownish grey.

10



Exercise C: Soil Color

Your lab instructor will assign several soil samples to you. Describe the soil color of each
horizon using your own terminology and then use the Munsell Color notation to describe the soil
color.

Soil Color (your terminology)

Munsell Color Notation

Munsell Soil Color

Study Questions

1. List the three main components of soil texture. How might a person distinguish between
them?

2. How does the texture otiface horizons compare with the texture of subsurface
horizons?

3. When manipulating a moist soil sample, you observe noticeable grittiness, yet you are
able to form a ribbon of 4 inches consistently. What is the probable textural class for this
soil?

4, Which type of structure is most common in surface soil? What soil constituent is most

important in the formation of structure in surface horizons?

11



What type(s) of structure are most common in subsurface soil? What consatudiots
processes contribute to the formation of structure in subsurface horizons?

What is the significance of structure to plant growth?

In general, how do surface colors compare with subsurface colors?

Name five soil con#tuents and the soil color you would expect them to be associated
with.

What is the significance of mottles in making interpretations for soil use and
management?

12



LAB #2: SOIL TEXTURE, DENSITY, AND POROSITY

Objectives
After completingthis laboratory the student should be able to:
1. Distinguish between soil texture, structure, bulk density and particle density.

2. Use hydrometer and temperature data to determine the percent sand, silt, clay, and
textural class for a soil sample.

3. Describe the relationship between soil texture, bulk density, particle density, and
porosity.
4, Perform calculations involving bulk density, particle density, percent solids and percent

porespace using the correct units and conversion factors.

5. Discuss the factors that can change the bulk density, particle density, and porosity of a
soil.
Introduction

Soil is composed of solid material and pores. The solids are primarily mineral in nature, but also
include living and dead organic matter. Tlargs contain variable amounts of water and air.
The actual water content of soil pores depends on weather, irrigation, and several other factors.

A soil in good condition for plant growth will contain about 50% pore space and 50% solids
(Figure 21). While it is sometimes helpful to think of the soil components separately, it should
be emphasized that in natural soil the four main soil components are thoroughly mixed.

The relationships and interactions of the soil solids and pores are quite impodtamér@much

study in soil science. The following exercises are intended to introduce you to some of these
relationships. You will take a more detailed and quantitative look at soil texture. In addition,
two additional propertiesoil densityandporosity will be investigated.

Soil Texture

Soil texture is defined as the relative proportions of sand, silt, and clay in a soil sample. Soil
texture is important because it influences drainage, aeration, plant available water, ease of tillage,
erosion, andhe chemical and physical condition of the seedbed (Tallle BSoils that contain

large quantities of silt and clay are said tofine textured and are often referred to hsavy
because they may be difficult to till. Sandy soils are said to has@rae texture and are
referred to dight as they are easily tilled and cultivated.

13



Air
(20-30%)

PORE SPACE

Water
(20-30%)

Mineral
(45%)
SOIL SOLIDS

Organic (5%)

Figure 21. Volume compositin of a typical silt loam surface soil.

Be aware that the terms light and heavy refegase of tillageind not to soimass As you shall
see in the lab, the dry mass of a given volume of sand is actually greater than that of the same
volume of clay.

Two methods exist for textural analysparticle size analysis(mechanical analysis) and the
"feel" method. Particle size analysis involves the use of a mechanical mixer to facilitate
separation soil particles. The "feel" method involves an estimafignil texture based on the
feel of the sand, silt, and clay patrticles.

The particle size analysis procedure used in Exercise A, calleBahwoucos Hydrometer

Method, is based on two principles; dispersion and sedimentation. The soil sample isedispers
in water and the particle size distribution is determined by differences in sedimentation rates.

14



Table 21. A summary of textural effects on water relations, tillage, erosion, chemical, and
physical relations.

Sandy Soils  Loamy Soils Clayey Soils
WATER RELATIONS
Infiltration - entry of surface Rapid Medium Rapid if cracks present;
water into the soil very slow otherwise.
Percolationi internal drainagg EXcessive Good Fair to poor
and leaching.
Water Storage stored in Very low Medium High
pores.
Aeration- movement of Very good Moderate Good if cracks present;
oxygen in to root zone. very poor otherwise.
TILLAGE AND EROSION
Tillage Power Required- Low Medium High
Drawbar pull
Tillability - ease of seedbed Easy Medium Moderate
preparation
Erosivenesswind High Low Moderate
Erosiveness water Low High Low to medium
CHEMICAL RELATIONS
Fertility Potential i nutrient Low Medium High
retention
PHYSICAL RELATIONS
Surface Area Low Medium High

Before a soil can be characterized on the basis of particle size, it is essential to overcome the
tendency of the soil particles to cling together. Organic matter is one of the chief agents binding
soil particles together. Thus, it is standard practicoxidize the organic matter with hydrogen
peroxide prior to beginning a particle size analysis.

Once the organic matter is removed, particle dispersion is achieved by stirring the sample with a
mixer. This works wl on the larger sand and silt aggeges, but is less effective on the smaller
aggregated clay particles. Aggregation or clustering of clay particles is due in part to the
presence of absorbed polyvalent (multicharged) cations suctaar@avid*. Thus a chemical
dispersing agent, sodiuhexametaphosphate, is added to the sample. This treatment induces an
exchange reaction between the polyvalent cations and the monovalent sodium fonsC(big
particles, when saturated with sodium ions, repel each other creating a dispersed coAdition
mixture of dispersed soil particles in water is callemiasuspension

15



Sedimentation rates of suspended soil particles depend primarily on particle size. Large sand
sized particles settle faster than smaller daed particles. This relatiship can be
guantitatively expressed &soke's Law.

V = _D*g(DyD)
18 A Egn. 21

Where:

settling velocity (cm/s)

diameter of the particle (cm)
acceleration due to gravity = 980 cf/s
density of the particle

density of the liquid

viscosity of the liquid in poises (g/cm s)

RODea<

To make Egn. 2 more useful, several assumptions are normally made. The particles are
assumed to be spherical with particle densities of 2.65%g/éiso, the density and viscosity of
the liquid areassumed to be constant, at a given temperature. This simplifies Stoke's Law to:

V = Kd? Eqn. 22

Where K is a constant.

Egn. 22 shows that the velocity of settling is directly proportional to the square of the particle
diameter. In the lathe number of particles at a selected point in a suspension at any one time
can be measured with laydrometer. A hydrometer measures the density (in g/L) of the
suspension at the hydrometer's center of buoyancy.

G.J. Bouyoucos found that sasized paitles (2.0 to 0.05 mm) settle out of suspension in 40
seconds. SiHsized particles (0.5 to 0.002 mm) require approximately 2 hours to settle out of
suspension. Therefore, after 2 hours, it is assumed that onbgiztay particles (<0.002 mm)
remain insuspension.

16



Exercise A. Particle Size Analysis

1.

10.

11.

12.

13.

Your instructor will assign a prereighed (50 g) ovedried soil sample to you. Record
the sample identification number on your data sheet.

Add 10 ml of 5% sodium hexametaphosphate to tharstile dispersion cup and then
add enougldistilled waterto bring the cup to about 2/3 of its capacity.

Stir the contents of the cup on a mechanical mixer for 4 minutes.
Quantitatively transfer the soil suspension into a Bouyoucos cylinder.

Carefullylower the hydrometer into the soil suspension. Add distilled water to bring the
total volume (including the hydrometer) in the Bouyoucos cylinder to the 1130 ml mark.

Remove the hydrometerUse the plunger to completely disperse the sedinat the
bottom of the cylinder.

Carefully lower the hydrometer into the soil suspension. Atipedy 40 seconds, record

the hydrometer reading on your data sheet (NOTE: hydrometer readings are taken at the
top of the meniscus). This reading repents your raw (uncorrected) %silt + %clay
value.

Record the suspension temperature is degrees C&Bjus (

Repeat steps 6 and 7 twice more and record the hydrometer readings on your data sheet.
You will use the mean of these three readinggour calculations.

Repeat step 6 but now place your Bouyoucos cylinder on the laboratory bench. Allow
the cylinder to sit undisturbed for 120 minutes. While go@iwaiting for the 120 minute
reading, you should estimate the texture of your unkreample, using the feel method.

After 120 minutes, carefully return the hydrometer to the cylinder so as not to stir up the
sediment. Record the 120 minute hydrometer reading on your data sheet.

Rinse the hydrometer and thermometer with detilvater and dry.

Proceed to the calculations section of this exercise.

17



Data Sheet

Soil sample identification

Soil weight (g)

40 sec. hydrometer reading (g/L)

Temperature of suspension at 40 s&g)

Correctel 40 sec. hydrometer reading (g/L) ~ *

120 min. hydrometer reading (g/L)

Corrected 120 min hydrometer reading (g/L)  *
Percent sand

Percent silt

Percent clay

Estimated soil textural class

Calculated soil textural class

* See temperature correction formula on the following page.

Average

18



Calculations

1.

Correct your raw data for temperature using the following formula:

Corrected reading (g/L) = hydrometer reading + 0.36 (te&@’C)
Use the following formlas to calculate the percent sand, silt, and clay in your sample.
Determine the textural class using the textural triangle (Fige2g 2How does this

compare with your estimate of texture by feel?

Report your findings to the class by recordingithen the chalkboard. Your laboratory
instructor will summarize the class results with a brief discussion aboigxtioee profile
of this soil.

%sand + %silt + %clay = 100%

%silt + %clay = corrected 40 sec. reading X 100
mass of dry soil

%clay = corrected 120 min. reading X 100
mass of dry soil

%sand = 100 (%silt + %oclay)

%silt = 100- (%sand + %clay)

19
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Figure 22.  Textural triangle showing the percentage of sand, silt, and clay in the soil textural
classes. To use the textural triangle, locate the percentage of slantir
project inward, as shown by the arrow. Do likewise for the percent silt (or sand).
The point at which the two projections cross will identify the textural class name.
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Soil Density and Porosity

The following exercises deal with the soil peojes of density and porosity. A good
understanding of soil density and porosity is essential to soil scientists, engineers, and persons
involved in crop and timber production. Soil pores contain air for plant root metabolism and
provide a compartmenbf water storage. Careful irrigation planning requires one to take into
account the porosity as well as the initial moisture content of the soil.

Bulk density values provide an extremely useful conversion factor for calculations involving soil
mass and al volume. Bulk density measurements are also used to calculate the total pore
volume in a soil as well as the weight of soil to be moved during an excavation. High bulk
density values may indicate the presence of compact layers in soil that coutd restrand

water penetration.

Within the subject of porosity, two concepts will be discusseid porosity andindividual

pore size The total porosity (total pore space) of a soil is that portion of the soil volume
occupied by air and water. The anmt or total volume of this pore space is determined largely
by soil texture, structure, and organic matter content. A-agglegated, fingextured soil high

in organic matter has a high total porosity, while a massive, ctexttged or compact sdilas a

low total porosity.

Soil scientists generally describe two categories of individual pore size. Pores less than about
0.06 mm in diameter are considenatlcropores and pores with larger diameters are termed
macropore. As you shall find in later latratory exercises, individual pore size may have a
profound influence on soil water movement and aeration.

The density of any object is its mass divided by its volume. Soil density ds\tineass per unit
volume. This measurement is usually expressegrams per cubic centimeter (gfnor
megagrams per cubic meter (Mdjm Soil has two densitiesulk density (Dy) and particle

density (Dp). The difference between these two soil properties lies in the volume measured
(Figure 23). Bulk density value represent the density of the soil as a whole, including solids
and pore space. Particle density values represent only the mass per unit volume of the soll
solids pore space is not included. Soils containing a high proportion of pore space to saids ha
low bulk density values. Conversely, compacted soils with decreased pore space have a higher
mass per unit volume ratio and higher bulk density values.

Particle densities for most mineral soils range from 2.60 to 2.75 Mgitis relatively narrow
range reflects the fact that quartz, feldspar, and silicates with densities near 2.65 usually
comprise the majority of solids in mineral soils.

Soil organic matter, having a particle density of 1.1 to 1.4 Mgisnmuch lighter than the soil
minerals. Cormsquently, the higher the organic matter content, the lower the particle density.
Thus, surface soil layers with high organic matter contents typically exhibit lower particle
densities than do subsurface horizons. Bulk density values follow a simildr ttenreased

bulk density values in subsurface soil are due to decreased organic matter, less aggregation and
root penetration, and compaction caused by the weight of the overlying soil.
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In the field, one If all the solids
cubic meter of were compressed to
a certain soil the bottom, the cube
appeas as would look like
1.33 Mg
Solids and 14 pore spaces
pore spaces 1.33 Mg
% solids
To calculate bulk density of the soil To calculate solidparticle density:
Volume =1 M Weight = 1.33 Mg Volume = 0.5 M Weight = 1.33 Mg
(solids + pores) (solids only) (solids only) (solids only)
Bulk density = weight of oven dry soil Solid particle density =weight of solids
Volume of sall volume of solids
(solids + pores)
Therefore Therefore
Bulk density, = 1.33 = 1.33 Mg/n3l Solid particle density, P= 1.33 = 2.66 Mg/m
1 0.5

Figure 23. Comparison of soil bulk density and particle density.

Bulk density values are affected by soil texture and modified by structure. Thesizede
particles in sandy soils tend tagk to fairly defined volumes which contain few micropores but
many macropores. The small aggregated soil particles in-tefithgred soil tend to be separated

by many micropores. However, in soils with well developed structure, large macropores may
exist between the peds.

Bulk densities for mineral soils commonly range from 1.00 to 1.80 Ng/kiighly compact
subsurface soils usually have high bulk density and low total porosity. In extremely compact
soils, where the porosity is near zero, the bulksttg value may begin to approach the particle
density value.

The bulk density of clay soils tends to be much more dependent upon land management than
does the bulk density of sandy soils. Incorporation of large amounts of organic matter will lower
the hulk density of the surface soil. Organic matter is also extremely important in promoting
aggregation, which maintains high porosity.

Tillage operations may have both favorable and unfavorable effects on bulk density and porosity.
The shorterm effectof tillage are generally beneficial as large clods are broken up and organic
matter is returned to the soil. However, intensive cultivation over long periods of time may be
detrimental to soil structure. Repeated mixing of the soil hastens the oxidatibtoss of
organic matter. Numerous passes over a soil with heavy farm equipment also may break down
stable aggregates, increase compaction, and decrease porosity.
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Soil density can be calculated in a number of ways, some are highly sophisticatedindipkep

to be used in the exercise is common to all methods; that is a measurement of the weight and
volume of the soil. You will compare the bulk density, particle density, and porosity of two soils
varying widely in texture. You will also contributata to the determination oflaulk density

profile for a finetextured soil.

Exercise B. Measurement of Bulk Density Usinga Soil Core

1. Your lab instructor will assign you a fistextured soil sample. Record the identification
number on your datsheet.

2. Determine the sample weight and record the value on the data sheet following this
exercise.
3. Determine and record the volume of the sample ring, i esing the following formula:

Volume = Area X Depth
Where: Ara of a c?ircle = N
(where r = the radius of a circle)
Depth = depth of the sample ring

4, Calculate the bulk density in g/érand Mg/nt

5. Retain your sample for the next exerdise

6. Repeat steps-14 with the sandy soil
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Exercise C. Measurement d Particle Density

1. Add water to an empty graduated cylinder to the 70 ml mark.

2. Transfer 40.0 g of the finxtured soil into the graduated cylinder.

3. Remove trapped air by carefully tapping the cylinder on the lathben

4. Determine the volume of the sailater mixture.

5. Calculate the particle density. Remember that the volume of interest for particle density

calculations is the volume of tlseil solidd

6. Use the following formula to calculate the perceote space.
%PS = (1[D)100
Where: %PS = percent pore space
Dy, = bulk density
Dp, = particle density
7. Pour the contents of the cylinder into the buckets in the sinkiasel out any remaining

soil material.

8. Repeat steps-17 with the sandy soil.
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Data Sheet

Sample Identification

Exercise B:
Finetextured soil

Soil Weight (g)

Sandytextured soil

Soil Volume (cn)

Bulk Density (g/cm)

Bulk Density (Mg/m®)

ExerciseC:
Finetextured soil

Soil Weight (g)

Sandytextured soil

Soil Volume (cn)

Particle Density (g/cf)

Particle Density (Mg/r)

Percent Pore Space
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Study Quesons

1. It is standard practice to take a 2 hour hydrometatimgaduring the particle sizanalysis
procedure. If a 90 minute reading was takeny hoght the calculated resulisffer from
the true soil separate values?

2.lmagine you are able tmeasure the surface area dfraineral particles in a cubicentimeter
of soil. Which would have the greatest suefarea, a clay or a sand? Hdaes this
relate to the total pore space of both soils?

3. Is it practical to attempt to modify thexture of a soil being used for field crop or forest
production? Why or why not?

4. How are bulk density values influenced by soil texture? Soil structure?

5. What is the influence on soil bulk density and porosity of:
a. Additions dorganic material?

b. Shorterm tillage?
c. Longterm tillage?
6. How do bulk density values change with profile depth? Whabifa@re responsible for bulk

density values in the surface horizon? What factors are responsible foddnily
values in subsurface horizons?
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7. What generally is the relationship between total poracspand soil texture? Between
individual pore size and texture?

8. The following data were obtained:
Weight of wet soil = 70.5g
Weight of dry soil = 62.5¢g
Volume of water before adding soil = 70 ml
Final volume of soiwater mixture = 93 ml
Total soil volume = 40 ci

a. Calculate the bulk density.
b. Calculate the particle density.

c. Calculate the percent pore space.

9. Calculate the volume in cinof a soil sample weighing 20§ Assume the bulk density is
1.33 Mg/m.

10.a. Calculate the bulk density of a soil having a total porosity of 45%. Assume the particle
densty is 2.65 Mg/n.

b. Calculate the total volume and the volume of solids in 250 g of the above soil.
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Overheads to Use

BULK DENSITY

SOIL WEIGHT - 4 grams
SOIL VOLUME - 2.6 cC
Whatis B.D. ?

What is Porosity?

B.D. = 49 = 1.54 g/cc
2.6 cC

Porosity =1 - _B.D. X 100
P.D.

1-_154 X 100
2.65

1- .58 X 100

= 42%
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If soil porosity = 47%
What is B.D. of soil?

2.65

53 X 265 = 1.40
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BULK DENSITY

Bulk Density = Weight of Soll
Volume of Soll

Example:
Weight = 2.66 grams

Volume = 2 cubic centimeters

2.66 g
2 cc = 1.33 g/cc Bulk Density

30



PARTICLE DENSITY

Pore Space

Solids

Soil Mass
(solids and pore space)

Particle Density = Weight of Soil Mass
Volume of Solids Only

Example:
Weight of Soil Mass = 2.66 grams

Volume of Solids Only = 1 cubic centimeter
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LAB # 3: CATION EXCHANGE & SOIL ACIDITY

Objectives

After completirg this laboratory, the student should be able to:

1. List and explain three sources of negative charge on soil colloids.

2. List and explain three factors influencing the magnitude of cation exchange capacity in
soil.

3. Write a balanced cation exchangquation for a reaction between a soil colloid and the
soil solution.

4. Explain the terms active acidity, exchangeable acidity, base saturation and soil buffering
capacity.

5. List and explain four factors contributing to soil acidity.

6. Perform ation exchange calculations involving cmol (+)/kg and atomic mass data.

Introduction

The management of land for many practical uses, in particular agriculture, requires controlling
and manipulating the chemistry of soil. Fundamental to the undersgesalirchemistry is the
study of soil colloids.

The clay and humus fractions of the soil are primarily made up of colloidal particles. Colloidal
particles are extremely small (0.2 to 0.001 um in diameter), exhibit a large surface area per unit
weight andin soil, usually exhibit a net negative charge. There are three sources of negative
charge on soil colloids:

1. isomorphous substitution
2. exposed crystal edges of silicate clays
3. carboxylic and phenolic groups on humus

Isomorphous substitutios a permanent charge of soil colloids. Negative charge associated with
exposed crystal edges, carboxylic, and phenolic groups is pH dependent (variable). This pH
dependent charge increases with increasing soil pH. An important result of the neenegativ
charge is that soil colloids can attract and retain positively charged ions (cafMisgyption is

the term used to describe the electrical attraction of ions to a charged surface.
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Cation Exchange

Adsorbed soil cations are held very weakly by solloids. The weak nature of this attraction
allows an adsorbed cation to be easily replaced by another c@abion exchanges the
process of cations in solution exchanging places with adsorbed cationexchiamge complex
refers to all particlesgke clay and humus that contribute to cation exchange in soil.

Figure3-1 illustrates an idealized exchange reaction between calcium in the soil solution and
adsorbed hydrogen ions. This reaction is oversimplified for the sake of illustrating thedbasics
cation exchange. Remember that a real soil system contains a great abundance and variety of
cations on the exchange complex and in the soil solution.
H+ H+ Ca®
2+ > T + 2
+ Ca” + Cos” + 2H + Co™
H+ H+ H+ H+

Figure3-1. A simple cation exchange reaction involving a calcium ion in the soil solution and
hydrogen ions on the exchange complex.

Perhaps the most important chemical property of a solil is its ability to retain and exchange
cations. Theation exchange capcity (CEC) of a soil is defined as the total amount of
exchangeable cations held by a given mass of soil. Cation exchange capacity is expressed in
terms of moles and positive charge per unit mass. For the convenience of being able to express
CECin whde numbers, the accepted unit of CEZentimoles of positive charge per

kilogram of soil (cmol(+)/kg).

The magnitude of CEC in soil can be related to several soil components including the type and
amount of clay and humus content. CEC values rangedhbmmt 2 to 100 cmol(+)/kg in

mineral soils. Peat soils may have CEC values as high as 200 cmol(+)/kg. The cation exchange
capacities of several soil components are given in Tafle

Table3-1. Approximate cation exchange capacities of selected smiponents.

Component CEC (cmol(+)/kg)
Humus 200
Vermiculite 150
Smectite 100
llite 30
Kaolinite 8
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In addition to clay and humus, soil pH influences the magnitude of CEC in a soil. The CEC of
most soils increasewith pH (Figure3-2). ThispH dependent chargds due to deprotonation
(dissociation of hydroxyl-OH) and carboxyl-COOH) groups on organic and clay colloids.

200 L‘

180 -

Organic colloid

160 -

140 |

120 -

Mineral colloid
100

80

Cation exchange capacity (cmol/kg)

60 -

Permanent
40 - charge

20 -

4.0 5.0 6.0 8.0

Figure3-2.  Influence of pH on the cation exchange capacity organic and mineratisollo

Through cation exchange, soil colloids greatly increase the retention of plant nutrients such as
calcium, magnesium, potassium, and ammonium. These nutrients are partially protected form
leaching, yet are readily available for plant consumptioma €Tertain extent, the greater the

CEC, the greater the lortgrm fertility of a soil.

Most colloids in soils act as a "giant anion™ in cation exchange reactions. However, positively
charged colloids do exist, particularly in acidic soils high in hyslaxides of Fe, Al, and Mn.
In this caseanion exchangereactions may occur.

Adsorption and exchange of ions implies that the material doing the adsorbing or exchanging
must be charged. To determine the sign of charge on soil colloids, use may l# orgdeic

dyes that are composed of colored io@&ntian violet has a purpleolored cation while
erythrosine contains a redolored anion. Comparing the reaction of these two dyes with soill
provides a qualitative means of determining the sign antiveelmagnitude of net electrical

charge.
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Soil Acidity

Soil acidity, also calledoil reaction, is described in terms of pH values. Soil pH is a
measurement of the hydrogen ion concentration of the soil solution. The amount of hydrogen
ions present inhie soil solution represerastive acidity. As is indicated in Figu®1, cations in

the soil solution are in equilibrium with cations adsorbed on the exchange complex. The amount
of acidic cations retained by the soil colloids is calledetkehangeableor reserve acidity.

When the pH of a soil is reported, the method ueedeasure the pH should also be specified.
This is because some methods measure only the active acidity while others measure both active

and exchangeable acidity.

Measurement of plis one of the most common tests performed on soil. This is because pH
directly and indirectly influences many soil processes. Acidity itself can restrict the growth of
acid-intolerant plants. Microbial activity is also affected by pH. In additionstiebility of

many plant nutrients is significantly influenced by soil pH (Fige8® For example, P, K, S,

and Ca are less soluble and more likely to be deficient in acid soils. On the other hand, the
solubility of Fe, Mn, B, Cuand Znare greatly ioreased at low soil pH. Some of these nutrients
may actually become soluble to the point of plant toxicity. A close examination of Bi@ure
indicates the range of maximum nutrient availabilities is about pH 6.5 to 7.5.

PH 4.0 4.5 50 55 60 65 7.0 7.5 80 85 9.0 95 10.0

! ' : NITROGEN . - . -
ot T I | '
; PHOSPHORUS :_~ T
, ) [ | ] T y B | | { ) R |
POTASIUM T
I i 1 ™ T v ry £ T RS
— SULFUR
| | i ! — ' - : - - :
_____CALCIUM j
| 1 ] ) I T 1 R | | S
MAGNESIUM |
| ] ) ] 2 { I [ { | | | |
i IRON ) :
] . ] [ ) B | ' ] s
MANGANESE =
| : ; e —— . ] "
BORON N :
| . T : 1 L ] | . | | | | '
COPPER
: ; : — | | | | l

] T T T T T 1 [ [T T

Figure3-3.  The general retaon of pH to the availability of plant nutrients in soil. The wider
the bar, the more available is the nutrient.
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Several factors are known to contribute to soil acidity. Prolonged leaching favors the
accumulation of hydrogen in solution and onéixehange complex. The norniablogical
activity of soil produces organic acids such a€8;. The process of nitrification releases
hydrogen ions.Acid rain, a growing environmental problem in the U.S. and abroad, brings
about the input of stronger dsi, such as HN{and HBSO,.

As conditions become acidic, increased soil weathering occurs. The weathering of
aluminosilcates (one of the building blocks of clay minerals) releadéid the soil solution.
The increased concentration ofAin soluion has three major effects on a soil's chemistry.
First, AP* readily replaces adsorbed plant nutrients like Ca, Mg, and K thereby increasing their
susceptibility to leaching. Second,*Atontributes to the production of hydrogen ions via a
hydrolysis reaction:

A* + 3HO — AI(OH); + 3H'

Thirdly, high concentratianof soluble and exchangeable Al can be extremely toxic to plants.
You have already been introduced to the concept of soil cation exchange capacity. The CEC is
thetotal amount of exchangeable cations expressed as centimoles of positive charge per
kilogram of soil. The CEC can be partitioned into the amount of exchangeadhie cations

and the amount dfasic cationspresent on the exchange complex.

The pecent exchangeable acidity can be calculated as follows:

% exchangeable acidity exch. acidic cations (cmol (#ig) x 100
CEC (cmol (+) /kg)

Where: acidic cations = the sum of exchangeablertd AP*

Related tohe percentage exchangeable acidity of the soil is the conceas®faturation
The percentage base saturation can be calculated by the formula:

% basesaturation= exch.basiccations (cmol (+)kg) x 100
CEC (cmol (+YkQg)

Where: basic cations = the sum of exchangeatfe ®g®*, K*, and N&

The base saturation is important in soil fertility and soil classification work. For example,
maximum alfalfa yields requi9re a base saturation of 65% or greater. Awddlifido be
classified as a Mollisol, the surface horizon of a soil must have at least 50% base saturation.

Many soils tend to resist changes in pH due to the dynamic equilibrium existing between
exchangeable and active hydrogen ions. When solubledmsaions are neutralized by lime
applications the equilibrium is upset. Exchangeable hydrogen ions dissociate from colloidal
surfaces to replenish the supply of soluble (active) hydrogen ions. This process illustrates the
buffering capacity of soil. Buffering capacity is a property of any weak acid, including a soil
colloid, which partially dissociates and donates hydrogen ions. Most of the hydrogen ions in an
acid soil are retained in the exchangeable form. The higher the CEC of a soil, the gielager wi
its potential buffering capacity.
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Exercise A: Measurement of Soil pH

1. Fill two plastic cups approximately hdiill with clay loam. Use 20 grams of soil.

2. Add 30 ml distilled water to cup #1 to make a saturated soil paste. Your lab instructo
will demonstrate the preparation of a saturated soil past.

3. Add 30 ml 1.0 N CaGlto cup #2 to make another saturated soil paste.

4. Let the saturated soil pastes stand for at least 20 minutes. Determine the pH of each paste
with a pH meter and oerd the values on your data sheet.

Data Sheet

pH of dHO paste

pH of CaC} paste

Exercise B: CationExchangein an Acidic Clay Loam Soil

1. Prepare two funnels for filtration. Place clean, numbered test tubes beneath the funnels.

2. Place two tablespoons of the clay loam in the funnels. Make a small depression in the
center of each soil so that added liquid will go through the soil and not down the sides of
the filter paper.

3. Slowly add 30 ml of 0.2 N KCI solution to funr#l and collect onéourth of a test tube
to filtrate.

4. Slowly add 30 ml of distilled water to funnel #2 and collect-tmeth of a test tube of
filtrate.

5. Test for calcium in each filtrate by adding 5 drops of saturated ammonium oxalate to
each ést tube. The formation of a cloudy white precipitate (calcium oxalate) indicates
the presence of calcium in the filtrate.

Cad* + (NH,).C:0,  —— 2NH;" + CaGO, (ppt)

6. Record your observations on the data sheet descrifiengitbidity (cloudiness) dsgh,
medium or low.

Data Sheet

Turbidity: Distilled water

0.2 N KCI
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Study Questions

1. Explain the general relationship between CEC and soil texture. Does a similar
relationship exist between CEC and thenus content of a soil? Explain your answer.

2. Write a balanced cation exchange equation for the reaction of the gentian violet dye with
the clay soil. Assume the soil to be initially acidic and use the abbreviatioG|Ger
the dye.

3. Suggest a possible means of recovering the gentian violet dye molecules from the clayey
soil.

4. When the soil was leached with the KCI solution, calcium was found in the leachate.

However, when the soil was leached with distilled wataly a small amount of calcium
was found. What does this suggest about the form (solid phase or solution phase) of
calcium in this soil?
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Sandy soils usually are thought to have a lower natural fertility status than clayey soils.
Defend @ refute this statement using the concept of cation exchange capacity in your
answer.

Nitrate pollution of groundwater is a major environmental concern today. Leaching of
nitratebased fertilizers is believed to be one of the nitrate ssurévhy are nitrate
susceptible to leaching in soils?

What is the difference betweandsorption andabsorption?

What is the difference between active and exchangeable acidity? How are each of these
soil properties measured?
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LAB #4: SOIL GENESIS & PROFILE
DEVELOPMENT

Objectives

After completing this laboratory, the student should be able to:

1. Outline and describe the general weathering processes in soil.
2. List the five factors of soil formation and explain the importanceaohdactor.
3. List the four processes of horizon development and give a specific example of each.

4. Relate specific factors of soil formation and horizon development to observable soil
properties.

5. Sketch and label a soil profile including O, A, E, B, andd@izons and their properties.

Introduction

In Lab #1, you examined the morphology of a soil profile. The following exercises will
introduce you to the factors responsible for soil genesis and profile development. You will also
examine how these factardluence the appearance of a soil profile.

Weathering Process in Soil

The development of soils from original rock materials is a-t@mg process involvinghysical
andchemical weatheringalong with biological activity. Weathering may be thougha®t
combination of destruction and synthesis processes. The initial weathering action on the parent
rock is physical in nature. Rock material is cracked and chipped, primarily due to temperature
changes and frost action. These actions tend to redeisgzthof the mineral particles present

but do little to alter the chemical composition. As the size of the particles is reduced, the total
surface area exposed to the environment increases which then increases the rate of chemical
weathering processes.

Concurrent with physical weathering are the chemical processes of hydrolysis, hydration,
acidification, oxidation, and dissolution. Thus the combination of physical (disintegration) and
chemical (decomposition) weathering reduces the size of the rockdrig and changes the
chemical composition of the resultant particles. Finally, the action of microorganisms and higher
plant and animal life contributes organic matter to the weathered rock material and a true soil
begins to form.
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Weathering of rocks @hminerals is the native source of plant nutrients. A general trend is for
complex insoluble materials to be broken down releasing simpler more soluble products, in
particular the macronutrient cations (Figdré).

Primary ---—----- A Secondary = -------- A Exchangeable  -------- A Solution
Minerals Minerals & ------- Cations & --------- Cations

Figure4-1. General outline of weathering process in soil.

Soil Forming Factors

The specific properties thatsoil exhibits are determined by the type offiaeent material

from which the soil develops and the influenceslwohate, topographyandorganismswhich

act overtime to transform or weather the parent material into a soil. The wide variation of soil
characteristics observed in nature is due to the combined influences of thesd fimening
factors.

Theparent materials are the original rocks from which the soil evolves. The rocks may be
igneous, metamorphic, or sedimentary. Two groups of imcgearent materials are
recognized: ayedentary(formed in place) and Wjansported, which may be subdivided
according to agencies of transport and deposition.

The rate of weathering of the parent materials is determined primarily by the temperdture an
moisture regime of the environmggtimate). The amount of water present during soll

formation is important since the predominant chemical weathering reactions are either dependent
on water as a medium for reaction or influenced by the quantity of preteent. Temperature is
important since the rate of most chemical reactions and biological processes increases with an
increase in temperature.

The interaction of temperature and moisture causes different soils to form from the same parent
material. Br example, when a basaltic parent material is weathered, very different rates and
types of soil formation can occur depending on the environment. If the climate is too hot and dry
most of the year with only small amounts of rainfall occurring duringdied of winter (as on

the Snake River Plain of southern Idaho), the rate of soil formation will be slow and the profiles
shallow. If the climate were to change so that the rainfall increased and occurring during the hot
part of the summer (as in the scedistern U.S.), then the rate soil formation would be much

faster and the profiles much deeper.

In various locations where like combinations of the soil forming factors are found, it is expected
that similar soils will form. For instance, the Miami loaigure 102) is a soil which results

when the soil forming factors are: (1) a loam textured glacial till parent material, (2) a humid and
temperate climate, (3) a well drained topographical position, (4) a hardwood forest vegetation
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and (5) a period of tismmwhich approximates the time elapsed since the melting of the glaciers
during the middle Wisconsin epoch. These conditions are fulfilled only in the states of
Michigan, Wisconsin, lllinois, Ohio and Indiana. Hence the Miami loam soil is restricted to
these geographic areas. If one or more of the five soil forming factors had been different, a
different soil with different properties would have developed.
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A} HORIZON
(Surface soil)

E HORIZON
(Subsurface
horizon)

B HORIZON
(Subso1l)

55y ‘g"‘ L) | C HORIZON
- . ’g ”P —;‘/ ;’ o
'1: R ED ¢ (Parent Material)

Dark grayish-brown loam; moderately developed
granular structure; organic'matter content rela-
tively high; slightly acid.

Light yellowish-brown loam; very weakly devel -
oped platy structure; slightly to medium acid.

Brown ro yellowish-brown clay loam; strongly
developed blocky structure; strongly to medium
acid. (This is the zone of maximum clay accumu-
lation).

Light yellowish-brown loam glacial till; calcareous.

Figure 42.  Soil profile of a Miami silt loam.



Development of a Soil Profile

Many factors areesponsible for the unique morphology and internal organization exhibited by
each individual soil profile. Horizon development may be categorized into four types of
processes:

1. Additions
2. Losses
3. Transformations

4. Translocations

Many plants and animals findnabitat in soil and thus contribute to the organic fraction
(addition). As soil microbes decompose organic matter, carbon is released as carbon dioxide
(los9. Nitrogen is routinely converted from an organic to an inorganic form via the
mineralization pocess tfansformation). Further, organic matter is subject to movement form
place to place in the soil by means of water and animal actikatys{ocation).

Mineral constituents undergo changes that may be similarly considered. Primary soil minerals
weather with the simultaneous formation of secondary minerals which my then be moved from
one horizon to another.

From the above discussion, you should begin to see that soil is not a static, inert body. On the
contrary, soil is ampen, dynamic systemthe components of which are continually undergoing
physical, chemical, and biological changes. The great diversity and variation exhibited by soils
throughout the world may be attributed to differences in the intensity and length of time the
processes ofdrizon development have operated.

The layers resulting from the soil forming and horizon development processes are grouped into
six master horizonsdesignated by the capital letters: O, A, B, C, and R.

Organic Horizons (O): Organic horizons form abovkd material soil due to the deposition of
litter derived from dead plant and animal matter. These horizons are commonly observed in
forested areas and are generally absent from grassland and cropland soils.

Eluvial Horizons (A, E):

(A): Topmost materiahorizon containing a strong admixture of humified organic matter which
tends to impart a darker color than that of the lower horizons.

(E): Horizon of maximum leaching or eluviations of clays, primary materials, and humus and
corresponding concentration i@&sistant materials such as quartz. The E horizon is typically
lighter in color than the A horizon.
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