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Paved Surface Deprives 
People of Soil Contact

Ohio

116,534 sq. km impervious 
surface area within USA, 
equivalent in area to Ohio



“The earth lay rich and dark and fell apart lightly under the
points of their toes”  -P.S. Buck, The Good Earth



Historical References to 
Digging 
in Soils as a Restorative

• 1699, the English Gardener advised “spare time in the garden, either 
digging, setting out, or weeding: there is no better way to improve 
your health.”

• 1700’s Dr. Benjamin Rush declared “digging in the soil has a curative 
effect on the mentally ill”

• 1870 Frederick Law Olmsted believed that nature reproduced in 
urban settings brings “tranquility and rest to the mind” 

• 1940’s Carl Menninger led a horticulture therapy movement in 
Veterans Admin Hospital

• 1955 MSU awards grad degree in horticultural/occupational therapy
• 1971 KSU establishes horticultural therapy degree curriculum
•



Contact with Soils
• A feeling for the organism
• Perception is multi-sensory 

– vision, smell, taste, touch, hearing



Presenter
Presentation Notes
Earth is a complex system of air, minerals, water, and living organisms.  Many of the processes that occur on a global scale also occur in soils.



Composition of Soils
• Minerals
• Air
• Water
• Organic matter (humus)

Water = 
20-30%Mineral 

Fraction 
(sand, silt,
clay) = 45%

Air = 
20-30%

Organic
= 1-5%

Presenter
Presentation Notes
Air, minerals, water, and organisms likewise are components of the living  system we know as soil.  About half of the non-solid spaces in soil is filled with about one part water and one part air (relative amounts vary depending on soil moisture content). The soil water contains dissolved minerals which serve to supply nutrients to plants.  Soil air supports root biology and microbial activity. Soil organic matter (SOM) is a mix of living, dead and decomposed organisms.  Organic matter is a storehouse for nutrients and biological activity.  Organic matter influences soil structure and tilth (refers to the behavior of soil under cultivation). The soil mineral fraction is a matrix of sand, silt, and clay size particles.  Clay enables soils to hold on to nutrients and retain water.  




Presenter
Presentation Notes
A soil profile is a vertical slice of the Earth surface that exposes soil layers or horizions.  The O-horizon is a layer organic matter.  The A-horizon is mix of mineral and organic matter.  The movement of clay particles down from the surface horizons results in layer of clay accumulation that is called the B-horizon.  The B-horizion also has less organic matter than the horizons above it.  The C-horizon is typically composed of partially weathered parent material.      



Compare Horizons

Presenter
Presentation Notes
Soils from different landscapes can vary substantially.  The layers, or horizons, within a soil profile are useful for classifying and describing soil properties.   





Shallow Bedrock



Reading the Landscape



USDA-NRCS Web Soil Survey 



Presenter
Presentation Notes
Different soil types are the result of interactions of these five factors of soil formation.  These include plant and animals, geologic material, topography, and climate, acting together over time.  



Presenter
Presentation Notes
Most of New Jersey soils are classified as Ultisols.  These are soils that are highly weathered, naturally acid, and low in nutrient content.  These low fertility soils can be made productive with limestone, fertilizer, and good management.



Downer
State Soil of New Jersey

Presenter
Presentation Notes
There are about 150 different soil types or series in New Jersey.  The Downer Soil Series has been officially designated as the New Jersey State Soil.   Although Downer soil only occurs in the Southern half of state, there are more acres of Downer than any other soil in New Jersey.    



Landscape Beauty is a Living 
Expression of Soil Quality



Junk in Soils 



Raised Beds



Raised Beds



Ag – Choice, Newton, NJ

Temperature/Oxygen Probe Windrow Turning



Digging – Signs of Life-
Soil Food Web



• Soil Health Diagnosed as You’ve Never Heard Before by 
Shannon Cappellazzi

• Focusing on Soil Health from Ground Up by Alex Flock
• Partnering to enhance soil Health by Barry Fisher
• You are Changing the World! by Jane Hardisty 

Soil PED Talks on Web



Look and Feel Method –
Soil Texture



The Mineral 
Material:
sand, silt,
and clay

Presenter
Presentation Notes
The mineral fraction of the soil refers to the primary minerals that make up the sand, silts and clays.  Sand, silt and clay particles give the soil its particular texture.  Sand particles can be seen with the naked eye while silt and clay particles are microscopic. 
Because of its platy structure, clay has enormous surface area.  This surface area provides habitat for microorganisms and is the location of many chemical reactions in soils. One gram of fine colloidal clay can have between 10 square meters and 1000 square meters of surface area. 

Graphic by A. Miller, Black Dog Graphics.




Determining Soil Texture by Feel

Presenter
Presentation Notes
Using the techniques illustrated here, soil texture can be estimated by feeling and working moist soil by hand.



Soil Texture

How does it 
feel in your 

hand?

Presenter
Presentation Notes
Soil texture is a permanent property of soil.  Knowing a soil’s texture is important to soil fertility and irrigation management.  Clay type soils are much more effective at holding onto and storing nutrients and water than are sandy soils.  Loam soils have a good mix of sand, silt, and clay size particles and have desirable water infiltration rates and water holding capacity.
        






Soil Organic Matter
Soil Texture

Texture Organic Matter
%

Sands <1
Loams 2 – 3
Clays 4 – 5

Presenter
Presentation Notes
Sandy soil typically have a low soil organic matter content while soils high in clay typically have a higher soil organic matter content.



• Soil texture influences:
– Water intake rates
– Water storage capacity
– Ease of tillage
– Amount of aeration
– Soil fertility

Why determine soil texture?

Presenter
Presentation Notes
You may be wondering why we’re talking about soil texture.  While this is a property of the soil that you cannot change, by knowing your soil texture you can make predictions about how it will behave.  For example, a coarse sandy soil is easy to till, has plenty of aeration for good root growth, and is easily wetted, but it also dries out rapidly and loses plant nutrients as water drains away.  High clay content soils (more than 27 percent clay) have very small particles that fit tightly together, leaving little open pore space.  This means that there is little room for water to flow into the soil, making clayey soils difficult to wet, difficult to drain, and difficult to till.  Anyone who has tried to hack through a hardpan area is all too familiar with this!



Urban Compaction Deprives 
Millions of Contact with 

Quality Soil

“My soil is just clay.”
Bane of the urban gardener 



Bad! Keep off Wet Soil



Wheel Traffic Leads to 
Soil Compaction



Soil Compaction/Earth 
Contraction 



Wire Flag Test for Compaction



Water Infiltration Test



Soil Structure and Quality
Poor Good

Presenter
Presentation Notes
The soil on the left has a massive cloddy structure that is difficult to cultivate.  The soil on the right is said to have good tilth because it is easy to cultivate and plant growth is not restricted.  Soils with poor structure can be improved by increasing the content of organic matter.  Adding compost is an effective way to improve soil structure and quality.   



Calcium Improves Soil Structure



Lime Selection/Soil Test Level
• Dolomitic lime (high Mg) 

– Use when soil test Mg level is low relative to Ca
• Calcitic lime (high Ca)

– Use when soil test Ca level is low relative to Mg
• Gypsum (calcium sulfate)

– Use when soil pH is high but Ca is needed

• Calcium rich soils are more                      
friable and easily tilled



Chemistry and Soil Color

Presenter
Presentation Notes
Color is an easy to observe soil property that suggests certain chemical, physical, and biological conditions. For example, soils with a bright red or yellow-brown-red color, suggests soils with good drainage and levels of oxygen.  Soils with grayish-blue colors, or mottling with such colors, suggests poor drainage.  A dark colored surface horizon suggests a soil that is rich in organic matter content.   



Soil Mottles
• reddish spots within 

a blue-gray matrix 
that indicate the soil 
has experienced 
periods of poor 
aeration

Presenter
Presentation Notes
A pictures of soil mottling indicating of poor aeration/drainage during periods of the year.



Good quality soil has:
• Good aeration
• Good drainage
• Good tilth (they’re 

easy to work)
• Lots of organic 

matter
• Lots of organisms

Presenter
Presentation Notes
Good soil structure is very important for having a workable garden soil.  Many on activities can destroy soil structure over time, such as tilling and plowing or driving on wet soils.  A good quality soil would have the characteristics listed on this slide.  Most of these characteristics are also associated with good soil structure.

Photo Source:  Manual 6.  Manual for Judging Oregon Soils, Oregon State University Extension Service Publication.  1996.




Benefits of soil organic matter
• Increased water and nutrient-holding 

capacity 
• Formation of soil into stable aggregates
• Reduced soil compaction
• Improved water infiltration

Presenter
Presentation Notes
The benefits of a soil rich in organic matter and humus are many, and include:
Chemical Effects: Organic matter releases many plant nutrients as it is broken down in the soil, including nitrogen (N), phosphorus (P) and sulfur (S). It is also one of two sources of cation exchange capacity (CEC) in the soil. (Clay is the other major source.) 
CEC represents the sites in the soil that can hold positively charged nutrients like calcium (Ca++), magnesium (Mg+) and potassium (K+). If CEC is increased, the soil can hold more nutrients and release them for plant growth. To increase CEC, you have to increase organic matter.
Physical Effects: Organic matter loosens the soil, which increases the amount of pore space. This has several important effects. The soil becomes less dense (less compacted) and the soil structure improves. This means that the sand, silt and clay particles in the soil stick together, forming aggregates or crumbs. 
Because there is more pore space, the soil is able to hold more water and more air. Plants grown in healthy soils won’t be as stressed by drought or excess water. Water also flows into the soil from the surface more quickly. With less compaction, it is also easier for plant roots to grow through the soil.




Horse Manure – Abundant 
Resource for Soil Improvement





Soil pH 
• Defined as the negative logarithm of the 

hydrogen ion activity of the soil solution
• Soil pH values below 7 are “acid”
• Soil pH values above 7 are “alkaline”
• Soils at pH 7 are “neutral” 



Soil pH Differences Influence 
Hydrangea Flower Color

pH > 7 acidic soils



White Clover 



First Things First – Take a Soil Sample

Presenter
Presentation Notes
The best way to learn about a soils nutrient status and pH is to take a soil sample and submit the sample to a soil testing laboratory for a soil fertility test.  The accuracy of the results from a soil fertility test depends on care in taking the soil sample.

Sample about 3 inches deep for lawns and about 6 inches deep for gardens.   



Soil Sampling Procedure
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Reasons Soil Scientists Dig Pits
Soils can hold information about the history of 
a landscape

History of humans or the history of disturbance 
events that an area has experienced over time



History from a Soil Pit
https://soilsmatter.wordpress.com/2019/12/01/how-can-soil-scientists-tell-the-history-of-a-location-from-a-soil-

pit/?_cldee=amhlY2ttYW5AbmphZXMucnV0Z2Vycy5lZHU%3d&recipientid=contact-28a07c118e33db1197e1001279d6310b-
5636965de7e946ddbdfbc2ad9891039a&esid=203a4001-d216-ea11-810f-005056a7afa5

The soil profile of the pit described in 
this blog. (Grey lines to aid the reader) 
Under the grass is a loamy soil, with a 
fairly dark brown color, indicating 
organic matter content. The soil 
changes to a sandy loam, and then to a 
silty loam. The most dramatic finding 
was pieces of charcoal. Remnants of 
past civilization? Evidence of 
cryoturbation? Only further study will 
tell. The scientists marked each horizon 
with sticks. Credit: Ryan Schroeder.



How can I manage my soils to 
improve them?

• Avoid compaction by
– Reducing tillage of wet soils
– Reducing traffic on wet soils

• Increase the organic matter content by
– Adding compost and manure
– Growing and tilling in cover crops                  

(green manure)
• Maintain cover with vegetation
• Encourage                                             

earthworms



• Soil Health Diagnosed as You’ve Never Heard Before by 
Shannon Cappellazzi

• Focusing on Soil Health from Ground Up by Alex Flock
• Partnering to enhance soil Health by Barry Fisher
• You are Changing the World! by Jane Hardisty 

Soil PED Talks on Web

Presenter
Presentation Notes
You may be wondering why we’re talking about soil texture.  While this is a property of the soil that you cannot change, by knowing your soil texture you can make predictions about how it will behave.  For example, a coarse sandy soil is easy to till, has plenty of aeration for good root growth, and is easily wetted, but it also dries out rapidly and loses plant nutrients as water drains away.  High clay content soils (more than 27 percent clay) have very small particles that fit tightly together, leaving little open pore space.  This means that there is little room for water to flow into the soil, making clayey soils difficult to wet, difficult to drain, and difficult to till.  Anyone who has tried to hack through a hardpan area is all too familiar with this!
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