SOIL IS THE NATURAL MEDIUM FOR PLANT GROWTH.
Soil is made of minerals, air, water and organic matter. Approximately
50% of a soil is pore space (water and air), while the remaining 50% is solid
(minerals and organic matter).

MINERALS – 45%

ORGANIC – 5%

AIR – 25%

WATER – 25%

The earth is covered by a thin layer of soil. Only a tiny part of this layer is
suitable for agriculture.

Think about an apple as the earth. ¾ of the apple would consist of oceans, which
leaves ¼ of the apple for land area. Of the ¼ of the apple that represents land area, only
½ is hospitable for human life. So there is only 1/8 of the apple left. Now divide the
remaining 1/8 of the apple into four pieces. Three of these pieces would represent areas
that are too extreme for agriculture production (example – too wet, rocky or cold), or
already covered by cities. The peel on the remaining 1/32 of apple would represent the
amount of soil suitable for agriculture production. Not very much!!!!
(Adapted from Agriculture in Montana Schools)

HOW IS A SOIL FORMED?

This picture shows soil formation. Climate, living organisms and topography (shape of the land)
affect how soils form.
Soils are unique. They are not all formed in the same way or in the same amount of time. The soil
forming factors at Conrad are different than at Clyde Park.
Soils develop as physical processes, like erosion, break down parent materials. For example, wind
eroded sandstone to create the Medicine Rocks and the surrounding sand-textured soils near Ekalaka.

PARENT MATERIAL:

Parent material (c-layer) is the mineral and organic matter that soils are made from. Parent
materials can be volcanic ash, sediments moved and deposited by wind and water, or glacial
deposited sand and rock. Weathered (broken down) bedrock is another example of parent material.

CLIMATE:

Climate changes parent material (c-layer) into subsoil (b-layer) and topsoil (A-layer). Actions like
freezing and thawing and wetting and drying break down parent materials. Rain water dissolves
minerals like lime and moves them deeper into the soil profile.

LIVING ORGANISMS:

Plants and animals change weathered parent material into subsoil and topsoil. When plants and
animals die and decay, nutrients are added to the soil. For example, leaves, twigs, and bark from
plants fall on the soil and are broken down by fungi, bacteria, insects, and other soil animals.

TOPOGRAPHY:

Topography refers to the slope of the land. On steep slopes, topsoil may erode, exposing subsoil or
parent material (weak soil development). This eroded topsoil is transported by water or wind to
soils located in lower areas. Therefore, the soils in land depressions or on level to rolling
topography are usually well developed.

TIME:

The boxes in the diagram illustrate a soil at three different stages of development.

Soil formation is a gradual process………

A SOIL PROFILE
A profile is a vertical “slice” of soil.

O Horizon – Humus rich layer at the
top of the profile, where organisms
called decomposers break down dead
plant and animal material to form
organic matter (humus).

A Horizon – Dark brown/black color
with granular or blocky structure.
This part of the soil profile is often
referred to as topsoil. Topsoil has a
high percentage of organic matter
compared to subsoil and parent
material. Organic matter adds to soil
fertility and lets the soil hold more
water. It also affects soil structure.
The A horizon is where the majority of
plant roots grow.

B Horizon – Brown color with
prismatic, block or columnar
structure. Often referred to as subsoil.
This horizon is identified by color
change, structure change and
increased clay content compared to
the topsoil layer. Plant roots extend
deep through the B horizon searching
for water.

C Horizon – Light brown color, with
massive structure. Weathered parent
material is contained in the C horizon.
The depth of this layer depends on
how much topsoil has formed. There
are very few living organisms in this
horizon, but plenty of rock and
Calcium Carbonate (lime).

A soil profile is full of living creatures, such as:








Earthworms
Arthropods (ants, centipedes, etc.)
Nematodes (roundworms)
Protozoa
Bacteria (one-celled)
Fungi (primitive, without chlorophyll)
Soil biological crusts (small plants and bacteria)

Many of these “critters” are so small you would need a microscope to see them. However,
in large numbers, these tiny organisms accomplish great things. They benefit the soil by
converting dead plant and animal residues into usable forms (organic matter). If you
want to know more about soil biological communities, a great website to visit is the BLM
National Science and Technology Center.

( Art by USDA-NRCS)

SOIL ORGANIC MATTER
Soil Organic Matter: The dark colored part of a soil profile, which includes decomposing
plants and animals.
Why is organic matter important to plants?
Organic acids are formed as organic matter decays. Organic acids dissolve soil minerals
so that they can be added into the soil solution (soil water). Plants can then use the
minerals.
Organic matter is also important to plants because small amounts of organic matter in the
soil can absorb and hold plenty of water! Think of a sponge.
The amount and depth of organic matter in a rangeland soil depends on plant production
(above and below ground). Most of Montana is fairly dry. Many areas only receive 10-14
inches of rainfall. Lack of rain limits plant growth, so organic matter does not develop
very fast.

Organic
matter
layer

GENERAL RULES OF SOIL DEPTH
 PLANT ROOTS GROW DEEPER IN DEEP SOILS.
 AS PLANT ROOTS GROW DEEPER, MORE WATER AND
NUTRIENTS ARE AVAILABLE TO GROWING PLANTS.
 PLANTS THAT HAVE MORE WATER AND NUTRIENTS
PRODUCE MORE POUNDS OF FORAGE.
 MORE FORAGE PRODUCTION SUPPORTS MORE
GRAZING ANIMALS!

(Photo courtesy of Ekalaka NRCS)

Shallow soils:

SOIL DEPTH CLASSES

Shallow soils have restrictive layers that plant roots cannot grow through
within 20 inches of the surface.

Deep soils:

Soils greater than 20 inches are considered deep.

DEEP
PROFILE

MODERATELY
DEEP PROFILE

SHALLOW
PROFILE

VERY SHALLOW
PROFILE

Depth to
restrictive layer =
> 40 inches.

Depth to
restrictive layer =
20-40 inches.

Depth to
restrictive layer =
10-20 inches.

Depth to restrictive
layer = < 10 inches.

Ex. 15 inches

Ex. 30 inches

Ex. 40 inches

SOIL DEPTH (cont.)

Ex. 8 inches

RESTRICTIVE LAYERS
Soil depth varies depending on the location of a restrictive layer in
the profile.
Restrictive layer: A layer of material that restricts the growth of plant
roots. Examples of restrictive materials include layers of bedrock, heavy
clay, loose gravel or sand and salt.

(Photo courtesy of USDA-NRCS)

SOIL STRUCTURE
Soil structure refers to the arrangement of individual soil particles into
clusters or clumps.

(Photo courtesy of Rebecca Wolenetz)

BASIC KINDS OF SOIL STRUCTURE

Single Grained: Soil particles
are not bound together.
There is no structure. Think
of beach sand.

Granular: Small clusters of
soil particles with irregular,
rounded surfaces.

Blocky: Cube-shaped clusters

Prismatic: Pillar-shaped
cluster of soil particles. The
cluster is longer than wide
and has a flat top.

Columnar: A prism shaped
cluster of soil particles with a
rounded top. Characteristic
of sodic soils.

Massive: Soil particles are
clustered together, but the
clusters are not defined
very well.

of soil particles.

Platy: Cluster of soil
particles into thin sheets.

(Images from NASA’s Goddard Space Flight Center website)

EFFECT OF SOIL STRUCTURE ON WATER MOVEMENT

SOIL TEXTURE

Soil texture affects soil production and management more
than any other soil characteristic.

The texture of the surface layer influences:
1. How easy it is to till soil
2. How much a soil will erode
3. How much water a soil can store
4. How many nutrients plants can use
5. Which plants grow on the soil

SOIL PARTICLES
Soil texture describes the amount of SAND, SILT and CLAY
particles in a soil.
DESCRIPTIONS OF SOIL PARTICLES AND TEXTURES
Sand is a piece of a parent stone that has not been
chemically changed. Sand is made of hard minerals such as
quartz or feldspar. Sand grains are large and can be seen
and felt (gritty).

Silt particles are smaller than sand. Silt has the same
characteristics as the original stone. Silt is formed when
grains of sand are broken down mechanically or dissolved by
chemicals. Silt particles have rounded corners like grains of
flour.

Clay particles are mineral crystals formed by a chemical
reaction. Clay crystals are flat and fit closely together.
Clay particles are very small (.002mm or less) and feel
greasy and sticky when wet.

PARTICLE SIZE

 The size of sand (coarse), silt (medium) and clay
(fine) particles are compared below.

SAND

SILT

CLAY

SURFACE AREA

The surface area of soil particles determines the amount
of water and nutrients a soil can absorb and store for plants.
Surface area is shown below. The solid black represents water held in soil
pores. The empty areas represent air held in pore space.

Sandy soils have less surface area than clayey soils. Coarse textured soils
absorb but cannot store water and nutrients. Sandy soils erode easily, are
drier and need more fertilizer.

Clayey soils have small particle sizes and more surfaces for water and

nutrients to attach to. Clayey soils store more water and nutrients.
However, clay soils are more difficult to till. The soil surface crusts easier,
and roots do not grow as deep.

Silty textured soils are generally considered the best for farming and
ranching.

THE RAINDROP ILLUSTRATION
 Soil texture affects how much water runs off or soaks into a soil during a
rain. Texture also affects how much soil water is available to plants.

Imagine if 5 raindrops fell from the sky.......

DE

TERMINING SOIL TEXTURE BY FEEL
1. Place one tablespoon of soil in your hand.
2. Remove roots, rocks and other foreign material from the
sample and break up the clods.

(Photo courtesy of Rebecca Wolenetz)

3. Slowly add water to the sample. The sample is wet enough
when the soil feels like putty or clay. The soil is too wet if
you can squish water out of your palm when squeezing the
sample.

(Photos courtesy of Rebecca Wolenetz)
NOW YOU ARE READY TO DETERMINE SOIL TEXTURE USING THE KEY
PROVIDED ON THE NEXT PAGE!

SOIL TEXTURE KEY

IDENTIFICATION OF ECOLOGICAL SITES
AN ECOLOGICAL (RANGE SITE) is an area with the same soil and

climate conditions. These conditions determine the kind and amount of
forage produced on the site.
Note that a sandy site in Eastern Montana may not produce the same type
of forage or amount of forage compared to a sandy site in Western
M o n ta n a .

(Photo courtesy of the Montana Natural Heritage Program website)

The Wrangler Ecological Site Key focuses on three basic site factors:




Available soil moisture
Topography (position on landscape, slope)
Soil depth

WRANGLER ECOLOGICAL SITES WITHIN A LANDSCAPE
When studying ecological sites, it is first important to observe your location within a
landscape. Are you standing in a drainage, or are you on the top of a hill? Your landscape
location will narrow the choices as to which ecological site you might be working in,
because topography influences the moisture conditions of an ecological site. Sites in a
low spot or drainage would have water running into them. Sites on a hill would have water
running off.

RUN - OFF

RUN - IN
NORMAL

(Photo courtesy of Ekalaka NRCS)

A KEY FOR WRANGLER ECOLOGICAL SITES
This simple key gives us a place to start when learning about ecological
sites. It focuses on just 3 landscape positions and their relation to
water within a rangeland.
TO IDENTIFY AN ECOLOGICAL SITE, DETERMINE WHICH OF THE 3
QUESTIONS CAN BE ANSWERED “YES”.

1.Does the site receive additional moisture from
overflow or does it have groundwater close to the
surface (within 40 inches) at least part of the growing
season. If yes, the ecological site is………..……RUN – IN

If no, go the next question.

2.Is the soil depth at least 20 inches from the surface
with no sign of significant additional moisture? Does
the slope of the site range from 0 – 8%? If yes, the
ecological site is…………………………………………..……….NORMAL

If no, go to the next question.

3.Is the site located on slopes greater than 8%? Or is

the soil depth less than 20 inches to un-weathered
parent material? If yes, the ecological site
is………………………………………………………..……………….RUN - OFF

If no, start again at the beginning of the key.

