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What is Soil?
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What is Soil?

* “You will die but the carbon will not;
its career does not end with you. It
will return to the soil, and there a
plant may take it up again in time,
sending it once more on a cycle of
plant and animal life.” --Jacob
Bronowski

e “Soil, like air, like water is a natural
resource that we must protect in
order to have a future on planet
earth”  --Terry Cooper

* “The Nation that destroys its soil
destroys itself” -- Franklin D.

"The Epipedon"

18 SOIL Definition (1)

* SOIL- The unconsolidated
mineral or organic material
on the immediate surface
of the earth that serves as
a natural medium for the
growth of land plants.

* Sense the Soil — feel, smell, =

SOIL
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18 SOIL Definition (2)

0-5cm

The unconsolidated mineral

and/or organic matter on the Bw
surface of the earth that has

been subjected to and shows

effects of genetic and c ¥_
environmental factors:

Climate Time

Organisms Topography e

Parent Material

Soil - A Product
1 B

Soil differs from it Parent Material in many aspects:
a) physical
b) chemical

c) biological

d) morphological properties and characteristics




l . Soil - the essence of life

| pburrowing anims

The living systems
occurring above and
below the ground
surface are determined
by the properties of the
soil. We often ignore the
soil because it is hard to
observe.

10/9/2015



Soils Perform Vital Functions

Sustaining plant and animal life
| below and above the surface

\\;\ \\\ Rain
RN
=0 s, = Rynoff|
____|nfiltration

Regulating and partitioning
water and solute flow

Filtering, buffering, degrading,
immobilizing, and detoxifying

Storing and cycling
nutrients

Providing support
to structures

LET’S STOP TREATING
OUR SOIL LIKE DIRT

Land Stewardehip Prajost = 1717 Unlversity Ave. + St Paul, MN + {612]646.-8701

=
?.
%"ffww@?
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l . Soil

* Soil = The most important
natural resource on planet
earth.

* All natural resources...are
soil or derivatives of
soil. Farms, ranges, crops,
and livestock, forests,
irrigation water and even
water power resolve
themselves into questions
of soil. Soil is therefore the

basic natural resource. ---
Aldo Leopold

VIRGINIA DEPARTMENT OF
ENVIRONMENTAL QUALITY

Soils determine the
suitability of land
for various uses;
such as, housing
developments,
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] B Module 2b.

Soil Properties for construction &
Development

Soil Properties for Construction
1 B & Development

e Type/classification e Bulk density

* Horizon depth * Pore space

e Depth to water table e Water holding capacity

* Hydrology/hydrologic rating e Compaction

e Mineral constituents e Sheer strength

* Organic matter * Soil chemistry

e Erodibility e Suitabilities and limitations for

intended use

Texture
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l . Soil Classification

the Cityof

Wiliamsburg, Virginia

James City and York Counties and the City of *

Williamsburg, Virginia
5—Bethera silt loam

Map Unit Setting
National map unit symbol: 41qw
Elevation: 30 to 120 feet
Mean annual precipitation: 40 to 55 inches
Mean annual air temperature: 57 to 61 degrees F
Frost-free period: 165 to 193 days
Farmland classification: Not prime farmiand

Map Unit Composition
Bethera and similar soils: 85 percent
Estimat i

Description of Bethera
Setting.
Landform: Depressions
Landform position (three-dimensional): Ti
Down-slope shape: Concave
Across-siope shape: Concave
Parent material: Marine deposits
Typical profile
H1-01t07 inches: silt loat
H2-7to 65 inches: day loam
Properties and qualities
Slope: 0to 2 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Poorly drained
Runoff class: Negligible
Capacity ‘most limit o (Ksat): Very low
to moderately high (0.00 to 0.57 in/hr)
Depth to water table: About 0 inches
Frequency of flooding: None
Frequency of ponding: Rare
Avaiable water storage in profile: High (about 9.4 inches)
Interpretive groups
Land capabily classiication (irigated): None specified
Land capabiliy classiication (noniigated): 6w

Typical Profile
Horizon 1 -0 to 7 inches silt loam

Horizon 2 — 7 to 65 inches clay loam

Properties and qualities

Depth to restrictive feature 80 inches

Poorly drained

Transmittal of water Very low to

moderately high

Depth to water 0 inches

VIRGINIA DEP:
ENVIRONMEN

Soil Classification
1 B

Bethera silt loam 43 o

Izagora silt loam .28 69

K - factors
K<0.23 — low erodibility
0.24-0.36 — moderate erodibility
K >0.37 —high erodibility

K-Factor | Depth to water | Hydrologic

Texture

Silt loam

Fine sandy
loam

VIRGINIA DEPARTME
ENVIRONMEN
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l . Soil Classification

'+ | K-Factor | Depth to water | Hydrologic Texture
LLunvey! table (cm) ratlng

Bethera silt loam Silt loam

Izagora silt loam .28 69 C Fine sandy
loam

sail and bright
red-oraniga iran concentrations, or mattles, i & a fluciuating
waler labla. Corps of Engl

el VIRGINIA. DEPARTMENT m
ENVIRONMENTAL QUAI

Soil Classification
1 B

'»» | K-Factor | Depth to water | Hydrologic Texture
table (cm) ratmg

Bethera silt loam Silt loam
Izagora silt loam .28 69 C Fine sandy
loam

. Group B:
ot Moder
) low runo
potential potential

Croup/Ci Group D:

High runoff
potentiat

Moderately
high runoff
potential
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l . Soil Classification

o Ak ;!
= \ o

o B
Bethera silt loam

Izagora silt loam .28 69

i ! K-Factor | Depth to water | Hydrologic Texture
! table (cm) rating
43 o C/D

Silt loam

C Fine sandy
loam

P 5.7,747 N
R e e
‘A —X—4 v \.,
100 90 80 70 360 50 40 30 20
Percent Sand

Soil Constituents

Pore space ; Soil solids.
1

Mineral

Organic Matter * |ron oxides

Soil Soit ComreosiTion

Soil solids
Primary minerals:
* Quartz
e Feldspars
Secondary Minerals
e Clays

e Course fragments

e Organic matter /Humus

Four Key
C.omPONENTS OF

Q%_ HARVEST

10/9/2015
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Soil Texture
1 B

= the relative composition of the particles in the soil.
or
= the particle size distribution.

Particle size distribution and feel
for soil particles (USDA)
Sand  2too0.05 mm Gritty

Silt 0.05t0 0.002 mm Floury
Clay Sticky

<0.002 mm

100

l . Soil Texture o 10

80 20

15% sand
15% clay
70% silt

G o/ v \ § /
100 20 80 70 \60 50 40 3 20 10
Percent Sand

10/9/2015
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or
= the particle size distribution.

Particle size distribution and feel
for soil particles (USDA)

Sand  2too0.05 mm Gritty
Silt 0.05t0 0.002 mm Floury

Sticky

Clay  <0.002 mm

Soil Texture
1 B

Soil solids
¢ Primary minerals:
e Quartz
* Feldspars
e Secondary Minerals

e Clays
¢ Iron oxides

100

Other secondary
minerals

Secondary silicate
minerals

Relative distribution (%)

v rnnary silicate M Organic matter /Humus
minerals

¢ Course fragments

10/9/2015
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l . Soil Structure

= a descriptor of how the soil particles are held
(cemented) together.

Aggregates or Peds

Influenced by:
e Organic matter (humus)

* Electrostatic forces (i.e. clay

particles)

/
\

Weak, granular

l ' Soil Structure structure,

common in

' A - sandy soils
- 'l:jr : ’

10/9/2015
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Soil Structure

Granular: Resembles cookie
crumbs and is usually less than 0.5

cm in diameter. Commonly found LS ) e P T T

usually 1.5 - 5.0 cm in diameter.

in surface horizons where roots
have been growing

Prismatic: Vertical columns of
soil that might be a number of cm
long. Usually found in lower
horzons

Columnar: Vertical columns of
soil that have a salt "cap” at the
top. Found in soils of and
climates

Platy: Thin, flat plates of soil that
lie horizontally. Usually found n
compacted soil

Single Grained: Soil is breken
into indwidual particles that do not
stick together. Always
accompanies a loose consistence
Commonly found in sandy soils

VIRGINIA DEP:
ENVIRONMEN

May crust/seal after a rain when

Soil Structure (and infiltration)

GRANULAR

T e B g FE
oy bre

PRISMATIC

MASSIVE

they have a high clay content

MODERATE

10/9/2015
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-~ .
. | Soil Structure

s Wt %)

‘ Moderate, medium, subangular blocky

15



l . Soil S_prq(_:ture

Prismatic Structure

|
|
t
]
1
1
1

{

1
I

{
LT
Il

- 4

-

SCALE:1CM |

l ' Soil Structure

Important for:

* Root growth

* Water infiltration

* Gas (0,and CO,) exchange

10/9/2015
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Bulk Density (Db) = The dry mass (weight)
per unit volume

dry mass of soil g g x 10°

total soil volume c¢m3

Normal Soil 1.0 -1.8 1,000-1,800

Bertha Silt Loam 1.39 1,390 /

M Dried Compacted Soil 2.65 2,650

Concrete 2.4 2,400

VIRGINIA DEPARTMENT OF : 2

ENVIRONMENTAL QUALITY

10 Bulk Density

A
o

Particle Density Bulk Density

100% solid 50% solid, 50% pore space
Weight =2.66 g Weight=1.33 ¢
Volure = 1 cm® Volume = 1 cm?

I ——

VIRGINIA DEPARTMENT OFF Q
ENVIRONMENTAL QUALITY

10/9/2015
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Q.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

A
‘Bulk Densﬁy
= > Histosols
—-4—— Pine wood
¥ 5
& ~ Andisols -4—— Oak wood
= { R
—. : el A B Uncultivated .
P o (forest and grassland)
oA R e B Sl (" loamy A horizons —~—— Water

and clayey oxisol Ap horizons

YJ
>~ Cultivated clay and silt loams

:

Range of bulk density

23l el e S ( Clays
Cultivated
7-sandy loams 2,

and sands  Root penetration ;
inhibited in moist soll | Sandy

e

=
< _________________
A JI Vertisols
when dry
> Fragipans
A
o
7, cﬂm}"“l’-’d Root limiting
Glacial till Db ranges
from 1.4 to
1.75!
- ~=4—— Concrete

10/9/2015
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10 Bulk Density = Pore space

b = 159 = 0.52 52% Solid ti
— T — . r
>~ 265 (or 0) olid space ratio

Pore space = 100%-52% = 48%

))) Db
(g/cm3) | (kg/m3)
Normal Soil 1.0 -1.8 1,000-1,800
Bertha Silt Loam 1.39 1,390
W Dried C ted Soil 6 6 Soil Particle
ried Compacted Soi 2.65 2,650 S (B
Concrete 2.4 2,400
Raln
Pore Space Inlitralion
. A Evaporalion
l . Water Holding ety . Tranepaen
Capacity
Drainage
Pore space , Soil solids ’
—  + 5 Watar talle:
dapth vwhere
: + S > . :
Salurated soil: anlcenies) Field capacity: Wilting polnl:

all paras arg about * of planis can'l
Tillesd, poras are filled, axtract he
remaining waler.

o Pore size relationship
Coarze
sand

' Mineral

i 2 of the pore cannot be hald against the force of grav ity

{air sp ace)

Micropores ave small enough to hold wader
againet the force of gravity

Macropores present in the wader flm

19



Available water

e ——————

Texture Field Capacity|Wilting point|Avail able water|
Coarse sand 0.6 02 0.4
[——————— | Fine tand 1.0 04 0.6
Saturation Field Capacity Wilting Point Loamy sand 14 0.6 08
All pores are full of  Availoble water for Mo more water is Sandy loam 2 0.8 12
water. Gravitational plant growth available fo plants Tion T -
2 ght sandy clay loam 23 10 13
wailer is lost
Loam 2.7 12 15
Sandy clay loam 28 13 1.5
Clay loam 32 14 18
Clay 4.0 25 1.5
Self-mulching clay 15 23 2.0
Source: Department of Agriculture Bulletin 462, 1960

VIRGINIA DEPARTMENT OF : 2

ENVIRONMENTAL QUALITY

Undisturbed Soil

Bad Q\QQC’ ’0‘\)6
YIRAYIER

Compaction
18 P

LARGE PORES SMALL PORES
+44
- 4 4 4 —’ < xmm
+4+4
Non compacted particle arrangement. Compacted particle arrangement.

Trampled Dry

3 P -},
L

Trampled Wet

Architecture of an Aggregate

# Cloy
= Bacteria

~w QOrganic Matter

Figure 6.2. Conceptual architecture of a soil aggregate and the changes in soil aggregate struc-
ture eaused by trampling under wet and dry conditions,

VIRGINIA DEPARTMENT OFF Q
ENVIRONMENTAL QUALITY

10/9/2015
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pdf

w.multiquip.com/multiquip/pdfs/Soil_Compaction

k_low_res_0212_Datald_59525_Version_1

|

http://:
Handb

Compaction
J evanve oesivasiLTy o soiis As covpacrep i |

PRS0 Relative Desirability for Various Uses
(1=best 1i=as destatie)
Ry — Rolled Earth Fil Dams | Canal Sections | Foundations Roadways
* erosion rtial F e
** yolume change crlical =
= et srapie s g otise | § B i 3| .z E ag H
Group : £ §§ £ E = £
Symbol SoilType £ 8|2 |BB|55(28 %85| 8z|2
GW | Well-graded gravels, gravel!
sand mixures, It or no fines = % | % - - 1|9 s
GP | Poory-graded gravels, gravelsand
3 ‘mixtures, lite or no fives - %2 = |l 3 3 3 -
H
GM | Sity gravels, poorly-graded
= grvelisandisi mhures 4 -l ¢ | s s ] o]
O | Carpmprei poo et 1| -3 1|2 e s | s |1
g
SW | Wel-graded sands, gravelly
sands, itk orno fnes i 28 = 1= 2 (2|2}«
SP | Poorly-graded sands, gravelly
2 sands, it orno fnes = = 4|7 & 1= S| 8 [4]-
E
& SM | Sitysands, poorly-graded sand/ ~
St midures 4 5 8 L 3 7 6 10 6
SC | Clapdike sans, pooey-graced B
o itures 3 2 5 ) 4 8 T 8 2
ML | Inorganic sits and very fine
‘sands, rock flour, silty or clay-like 8 6 a - 6 L] 8 10 ] -
fine sancs wih shoht plastcy
Z L | Inoganic ciays of low to medium
= plasticty, gravelly clays, sandy 5 |3 -l s |5 w| e | 7|7
clays, sity diays, lean clays
B o opmeemaprcatcs | o |y || e || e | -
-
D N | Orgenic it micaceous of
e § diatomaceous fine sandy or silty 9 9 - | - - 8 12 12 1 -
o soils, elastic sits
= : .
£ CH | Ihomanic clays of high pasticty,
= atdays 7 7 - |10 | 9 B 1| o8 -
O | Organic clays of medum high
plastiity 0 |10 -] - - 10 w| 4| 14| -

VIRGINIA D
ENVIRONME

TMENT Of
TAL QUALITY

GRAVEL

SAND
SILT

CLAY

Lift
Thickness

12+

10%-

6%~

64~

Compaction
18 P

Vibrating Scraper
Static Sheepsfoot Plate Compactor Rubber-tired Roller
Vibrating Sheepsfoot | Grid Roller Vibrating Roller Loader
Rammer Scraper Vibrating Sheepsfoot | Grid Roller
IMPACT PRESSURE VIBRATION KNEADING
with kneading with pressure
Poor No Good Very Good
Poor No Excellent Good
Good Good Poor Excellent
Excellent Veery Good No Good [ |

[T

http://www.multiquip.com/multiquip/pdfs/Soil_Compaction_Handbook_low_res_0212_Datald_59525_Version_1.pdf

VIRGINIA DEPARTMENT OFF
ENVIRONMENTAL QUALITY
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18 Shear Strength

LARGE PORES SMALL PORES

++4
++4

VIRGINIA DEPARTMENT OFF : 2

ENVIRONMENTAL QUALITY

l ' intended use

Suitabilities and limitations for

Spotsylvania County

Corrosion of Concrete

Wapoon e W | it | heiwias

ggi il

Soil Rating Polygons

=
=]
]
O

High

Modesale
Mot rated of not avallable _
VIRGINIA DEPARTMENT OIF ; 2
'y

ENVIRONMENTAL QUALIT

10/9/2015

22



10/9/2015

18 Hydric soils

In our Wetland Course

we have seen that 3‘

Hydric Soils are f

difficult to use for

many land uses due to 7

high water table and L

regulatory restrictions _
T

VIRGINIA DEPARTMENT OF : 2

ENVIRONMENTAL QUALITY

| B Module 2c.

Soil tools

VIRGINIA DEPARTMENT OF ; 2

ENVIHONMENTAL QUALITY
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Web

//websoilsurvey.sc.egov.usda.gov/App/

mePage.htm

p

|

Soil Survey

You ara here: Web Soil Survey Home.

| Want To..

© Start Web Soil Survay
wss)

The simple yet powerful way
to access and use soil data.

|Enter keywords
AINRCS Sites v

«
o Know the requi

Browse by Subject

» Soils Home
National Gooperaiive Welcome to Web Soil Survey (WSS)

" Sol S (HGSS) Web Soil Survey (WSS) provides soi
» Archived Soil Surveys
» Status Maps
» Official Soil Series ; :

X s soil maps

be i (00D} and dats available online for more than 95

» Soil Series Extent percent of the nation's counties and
ing Tool anticipates having 100 percent in the near future. Th

copatial Do e D G e
> Geospalisl Daia GRGWRY. | of oo curvey information.

b eFOTG w
Soil surveys can be used for general farm, local, and wider ares
» National Soil planning. Onsite investigation is needed in some cases, sud urvey Release
Characterization Data. soil quality assessments and certain canse rvation and engineering ry
» 8ol Quaity applications. For mare detailed information, contact your lacal Sion up for e-mail

USDA Service Center or your NRCS State Soil Scientist. updates via Govbelivary

R ety Four Basic Steps

1 Want Help With...
a Define © Gotting Started With Web
Use the Area of Interest tab ol
a of Interest o ta uze Web Soil
5l Yo ared o st Bogeinses ek oot

© How to uss Web Soil

Workarounds

© Frequently Asked
Questions

© Citing Web Soil Survey as
2 source of soils data

Clek co view lrger image.

View.

o coat o i
detaled descriptions of e sols
in your Area of Interest,

\Ll(hl\l\ DEPARTMENT OF
NVIRONMENTAL QUALITY

), ( Download Soits Data__ ).
=

Area of Interest

Import AOI

R @l @] 18] | & View Bt comiguous U
g ‘o [t swe) =

Address

State and County

Soil Survey Area

Latitude and Longitude

PLSS (Section, Township, Range)

Bureau of Land Management

Department of Defense

Forest Service

National Park Service

Hydrologic Unit

//websoilsurvey.sc.egov.usda.gov/App/

mePage.htm

p

D
be P

i

FOIA | Accessibility Statement | Privacy Policy | Non-Discrimination Statement | Information Quality | USA.gov | White House

10/9/2015
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Web Soil Survey

a of Interest (AO [ Soil Map _)i[ Soil Data Explorer s (_Download Soils Data ), (__Shopping Cart (i

//websoilsurvey.sc.egov.usda.gov/App/

Searcl

Area of Interest

Import AOI

Address

State and County

Soil Survey Area

Latitude and Longitude

PLSS (Sectian, Township, Range)

Bureau of Land Management

Department of Defense

Forest Service

National Park Service

Hydrologic Unit

mePage.htm

p

:

Area of Interest Interactive Map

Boratourt.

FOIA | Accessibility Statement | Privacy Policy | Non-Discrimination Statement | Information Quality | USA.gov | White House

//websoilsurvey.sc.egov.usda.gov/App/

mePage.htm

p

'

Web Soil Survey

Area of Interest (AOL) oil Map

Soil Data Explorer

Shopping Cart (Free)

Download Soils Data

Map Unit Legend &

€
Botetourt County, Virginia (VA023) ®
Map Map Unit Name Acres Percent

unit in  of AL
Symbol Aox
21C Frederickssilty day loam, 7to  10.9  68.3%

5 percent slopes, severely
eroded

21D Fredericksilty day loam, 15t0 5.1 31.7%
30 percent slopes, severely
eroded

Tohlsiorm'\(oi Interest 15.9 100.0%

K=0.32!

K - factors
K<0.23 — low erodibility
0.24-0.36 — moderate erodibility
K >0.37 —high erodibility

/i Warning: Soil Map may not be valid at this scale. x|

you have zoomed in beyond the scale at which the soil map for this area is intended to be used. Mapping of salls is

done ot 2 particular scale. The soil surveys that comprise your AOT were mapped ot 1:20,000. The
units and the level of detail shown i the resulting soil map are dependent on that map s
Enlargement of maps beyond the scale of mapping can cause misunderstanding of the detanl of mapping an
ey ool ML e WAt Ao ot el aress oF comaoatlng Sonie. Hoe com Pavs heen
Shown 2t a more detailed scale.

lesign of map

10/9/2015
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Web Soil Survey

Properties and Qualities Ratings e
Open All| Close All ®

Soil Chemical Properties D@
Soil Erosion Factors [@I]
Soil Physical Properties D
Soil Qualities and Features @@

Water Features ® @

variables variab
pH Wind (2) Bd

p://websoilsurvey.sc.egov.usda.gov/App/

mePage.htm

i

Composite ~ Water

Intro to Soils Suitabilities and Limitations for Use

Map — K Factor, Whole Soil

Physical

7 different K Factor (2) 21 different

Hydrologic  Flooding
Soil group frequency

Drainage Ponding
(T factor) availability  class

Soil Properties and Qualities

u different  Depth to
les variables water table

frequency

Web Soil Survey

View Soil Information By Use: Al |Jses

| Survey Status

[ Area of Interest (AOI) W r Soil Map W Soil Data Explorer f Download Soils Data ] r Shop)

ssary | Preferences | Link | Logout |

Intro to Soils

Search

Building Site Development

Construction Materials

Disaster Recovery Planning

Land Classifications

Land Management

Military Operations

Recreational Development

Sanitary Facilities

Vegetative Productivity

p://websoilsurvey.sc.egov.usda.gov/App/

mePage.htm

Waste Management

Water Management

|

10/9/2015
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ability and

tations for Use

i

ing Site Development

Corrosion of Concrete

Corrosion of Steel

Dwellings With Basements

Building Site

Dwellings Wwithout Basements

Lawns, Landscaping, and Golf Fairways

Development

Local Roads and Streets

Shallow Excavations

Small Commercial Buildings

Unpaved Local Roads and Streets

| Construction Materials

Suit
Li

Construction

Materials

Gravel Source

Roadfill Source

Sand Source

Source of Reclamation Material

Topsoil Source

Disaster
Planning

VIRGINIA DEPARTMENT OF : 2

ENVIRONMENTAL QUALITY

Classification

18 Suitability and Limitations for Use

Land

Hydric
rating

Management

Land

Mostly 26
Forestry variables

1
additional

y N

13
variables /

VIRGINIA DEPARTMENT OF ; 2

ENVIHONMENTAL QUALITY
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18 Suitability and Limitations for Use

Recreational Sanitary Vegetative

Development Facilities Productivity

5 variables — Drain fields — Agriculture
Variables

2 Forestry
Variables

5 additional

Waste Water
Management Management

-~

Wastewater/ 14 irrigation
— sewage sludge related
applications variables

6 variables
total

10/9/2015
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