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What is Soil?

Soilis ...

“a naturally occurring mixture of
inorganic and organic ingredients
with a definite form, structure, and
composition that varies from one
location to another.”
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Presenter Notes
Presentation Notes
Let’s break that down. Soil is:
Naturally occurring: the upper layer of earth, ranging from a few inches to over 100 feet deep in which physical, chemical and biological reactions are constantly occurring
Inorganic and organic ingredients: soil has both mineral and organic components, as well as air and water
Has form and structure: soil has physical and chemical properties which can be defined and described scientifically
Varies from one location to another: Different kinds of soil form in different locations because soil retains some of the chemical and physical characteristics of the parent rocks from which it derives and is subject to different climatic conditions.
Definition:  University of California, Division of Agriculture and Natural Resources. (n.d.). Healthy Soils - Basics. © 2024 Regents of the University of California. https://ucanr.edu/sites/soils/Soils_101/#HealthySoil
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Presenter Notes
Presentation Notes
Healthy soil is approximately 45% minerals, 25% water, 25% air and 5% organic matter
The inorganic parts of soil are mineral-based and come from rocks that have been weathered and broken down into smaller pieces over a long period of time. 
The organic particles contain carbon and come from anything that was once living and has since died and decayed.
Air and water are both important components of soil. They occupy the pore spaces between soil particles. The right proportion of soil, air and water leads to loose, friable well-drained soil with good structure and texture, plenty of nutrients and optimum soil pH (University of California, Division of Agriculture and Natural Resources. (n.d.-d). Healthy Soils - Basics. © 2024 Regents of the University of California. https://ucanr.edu/sites/soils/Soils_101/)

All soil, no matter what texture, contains some amount of organic matter. While you can’t change the texture of the soil in your garden, you can manage the soil organic matter in order to maximize soil health. 
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Presenter Notes
Presentation Notes
The mineral fraction of soil consists of weathered mineral material, generally derived from bedrock. The soil particles are classified by size:
Sand grains can be seen with the naked eye. They are the largest of these particles creating large pores. Sandy soils drain quickly and do not hold water and nutrients well. 
Silt particles can be seen with a hand lens. They create smaller pores in the soil, resulting in better water retention. 
Clay particles must be viewed with an electron microscope. They are the smallest particles and have a tremendous capacity to hold water and nutrients. However, clay soils have poor air circulation and slow drainage.
Most soils are a combination of the three particle sizes (UCANR). 

University of California, Division of Agriculture and Natural Resources. (n.d.-f). How To Evaluate Soil. © 2024 Regents of the University of California. https://marinmg.ucanr.edu/BASICS/SOIL_813/evaluate/
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Presenter Notes
Presentation Notes
Soil is home to the largest biodiversity on earth. There can be a billion microorganisms in a teaspoon of compost or soil! Soil organic matter may be referred to as the soil food web and includes microscopic bacteria, algae, fungi, and protozoa; more complex life forms like nematodes and micro-arthropods, and visible creatures such as earthworms, insects, and small vertebrates (UCANR). Microorganisms (such as bacteria or fungi) break down detritus, and this microorganism-rich material is eaten by invertebrates, which are in turn eaten by vertebrates (Microorganisms - Soil Ecology Wiki, n.d.). 
Decomposition provides a slow and steady supply of plant nutrients.
Gardening strategies that return plant residues (e.g. no-tillage) tend to increase the microbial biomass. 
Soil properties such as pH, clay, and the availability of organic carbon all influence the size of the microbial biomass.
SOM improves soil structure - promotes movement of air and water, and a better home for plant roots and soil organisms (UCANR). 
Sources: 
Microorganisms - Soil Ecology Wiki. (n.d.). https://soil.evs.buffalo.edu/index.php/Microorganisms
University of California, Division of Agriculture and Natural Resources. (n.d.). How to keep your soil healthy. © 2024 Regents of the University of California. https://marinmg.ucanr.edu/BASICS/SOIL_813/Keep_Your_Soil_Healthy/
Sloan, J. (2024, January 2). Understanding Soil Health and Biota for Farm and Garden. OSU Extension Service. https://extension.oregonstate.edu/catalog/pub/em-9409-understanding-soil-health-biota-farms-gardens#healthindicators


Pore Space '

Air-filled
pore

Soil pores are ...

e spaces between soll
particles (mineral &
organic)

e regulate air and water
movement

e hold air and water for
plants & microorganisms

e site for nutrient exchange

Image credit:
Pore space: WateReuse.org “
Ladybug on soil aggregates: Arina Sukor:
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Presenter Notes
Presentation Notes
Soil pore space determines the amount of oxygen, the drainage rate, and capacity of soil to hold nutrients. 

Most of the chemical reactions that make nutrients available to plants happens at the rhizosphere  - the thin film of water surrounding soil particles and  peds

http://watereuse.org

What is Healthy Soil?

Healthy soil has ...

“The continued capacity ... to
function as a vital living ecosystem
that sustains plants, animals, and
humans.”



Presenter Notes
Presentation Notes
Soil health is defined as the continued capacity of soil to function as a vital living ecosystem that sustains plants, animals, and humans. 

Healthy soil gives us clean air and water, bountiful crops and forests, productive grazing lands, diverse wildlife, and beautiful landscapes. 

Soil Health | Natural Resources Conservation Service. (2024, January 31). Natural Resources Conservation Service. https://www.nrcs.usda.gov/conservation-basics/natural-resource-concerns/soils/soil-health




Factors impacting solil health

* Texture
» Structure
* Soil pH & Nutrient content



Presenter Notes
Presentation Notes
Healthy soil has a good combination of all these factors; unhealthy soil has a problem with at least one of them. (UCANR)



Soil Texture

Soil texture determines tilth

Texture: “the relative
proportions of sand, silt,
and clay mineral
particles”

Tilth: “fitness as a
medium for growing
plants”
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Presenter Notes
Presentation Notes
Soil texture-the relative proportions of sand, silt, and clay mineral particles-is one of the most important physical properties affecting plant growth because it determines tilth (fitness as a medium for growing plants) as well as nutrient- and water-holding capacities.  (Handbook) 

Loam, sandy loam, and silt loam, ideally containing about 5 to 10% organic matter, are said to be the best soils for home garden cultivation because they provide a mixture of sand, silt, and clay, which retains sufficient water but also permits infiltration and percolation. 

Soil texture affects many soil properties that in turn influence plant growth. For example, the coarser the soil texture, the faster the soil warms up in the spring. Thus, a sandy soil may give the gardener a few days' advantage in planting date because of better soil temperature conditions for germination and early seedling growth. 





Soil Structure

“... a clump of soil particles held
together in a unit so that it
functions like a single large
particle.”

Structure affects:
e Movement of air and water

t¥=¢ | e Moisture retention

Crumbly soils (left) have more pores and channels [ ) Fe rtl I |ty

than cloddy soils (right). Pores and channels allow
air and water to move into the soil.

e Root penetration and growth
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Presenter Notes
Presentation Notes
Structure is the arrangement of soil particles into small clumps, called "peds." Similar to how the ingredients in cake batter bind together to form a cake, soil particles (sand, silt, clay, and organic matter) bind together to form peds.  Soil structure determines how permeable a soil is, how well it retains moisture and nutrients, and how easily it allows plant roots to penetrate and grow.

“a well-structured soil will contain a continuous network of pore spaces to allow drainage of water, free movement of air and unrestricted growth of roots (Soil Structure and Its Benefits | Royal Society, n.d.)” 

Plant growth is strongly influenced by soil structure because structure affects water movement, moisture availability to plants, fertility, aeration, porosity, heat transfer, bulk density, and mechanical resistance to root growth. Plants require air, water, and nutrients from the soil, and the air-water relationship depends largely on soil structure. A soil with good structure will have good water infiltration, drainage, aeration, and overall tilth. 


SOIl pH and Nutrlent Content

ACIdIC
PH <55
Not enough:
Nitrogen
Phosphorus
Potassium
Too much:
Aluminum
Iron
Manganese

Image credit: N. Vollrath, via Canva



Presenter Notes
Presentation Notes
pH is a measure of the acidity or alkalinity of the water held in the soil’s pores.
• pH scale goes from 0 to 14, with 7 representing neutral
• pH 7 to 0 the soil is increasingly acidic while from 7 to 14 is increasingly alkaline (basic)
• pH impacts the availability of nutrients to plants; some nutrients, like iron, are much more available at a lower pH
• Affects the population and activity of microorganisms
• Optimum soil pH range varies for different kinds of plants
University of California, Division of Agriculture and Natural Resources. (n.d.-f). How To Evaluate Soil. © 2024 Regents of the University of California. https://marinmg.ucanr.edu/BASICS/SOIL_813/evaluate/

Both nutrient availability and the microorganism population are influenced by soil pH. For example, iron and magnesium are more available to plants in acidic soils. The population of actinomycetes, a specific type of bacteria, is increased in neutral and alkaline soils.
Actinomycetes have filaments that help form stable organic aggregates in the soil.
These are a form of bacteria but visually similar to fungi. Form strands of hyphae that permeate the soil and help bind it together.
Degrade the more resistant parts of the soil organic matter, such as cellulose and lignin.
 (Soil Tech Note 8A- Actinomycetes | Natural Resources Conservation Service, n.d.)


Managing Soil Health
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Do you have healthy soil?

Productive g™
plants SRS

A\ Water easily
soaks the
surface

Soil is easy
to work

Images:
vegetables: courtesy of Canva
gardening hands: courtesy of Canva
earthworms: Wikimedia Commons
water: M Spiske, Unsplash
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Presenter Notes
Presentation Notes
There are many indicators of healthy soil:�• FERTILE - Productive, good-looking plants �• BIODIVERSITY - Earthworms �• MOVEMENT OF WATER AND AIR - Water that penetrates easily �• TILTH - Soil that is easy to work  (UCANR, n.d.)
Almost every soil will benefit as we increase soil organic matter (SOM), enhance aggregation and soil aeration. As SOM increases we will likely get healthier soil microflora (good bacteria, fungi and microbes) and fauna (especially worms).



Best Soil for Raised Beds

 Loamy texture

* Loose, deep & crumbly

» (Good water retention

* Allows water to move
freely

 SoillpH5.5-7
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Presenter Notes
Presentation Notes
Soil supplies plants and soil organisms with water, air, and nutrients. Ideal garden soil is loose, deep, and crumbly. It holds water for root uptake and allows excess rainfall to percolate downward quickly. (Soil to fill raised beds. (n.d.). University of Maryland Extension. https://extension.umd.edu/resource/soil-fill-raised-beds/)
Ideal soil pH varies by crop!





Should | test my soil?

Ask yourself ...
e Do my plants look healthy?
e What am | growing?

e Why am | growing it?

e How much does testing
cost?

e \What will | do with the
results?
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Presenter Notes
Presentation Notes
Most soil tests are designed to determine agronomic fertilizer application rates. They are of questionable diagnostic help in gardens.  It is exceedingly unusual to have such an intense nutrient deficiency in the garden that your plants will die. The most common consequence of a nutrient deficiency is reduced yield or smaller plants (Blakey, 2025).
Certainly a soil test will help you fertilize better, but in most cases, the problem is probably not a nutrient that's lacking. It is more likely to be related to  pH problems or improper irrigation (Blakey, 2025). With many soils the problems are physical rather than chemical, and the best way to learn what physical problems there are is to dig some holes and see what is down there (Frey et al., 2018).



Why amend mineral soil?

 To increase or decrease soil pH

* To maintain or improve physical
structure

* To improve retention &
movement of air, water and
nutrients

* To increase the volume of
organic matter
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Presenter Notes
Presentation Notes
For permanent raised beds, native mineral soils amended with small amounts of clean sourced, well-rotted composts can often provide an ideal growing medium for plants. Blending a quality compost into the mineral soil will help increase overall depth of the beds while improving aeration and nutrient and moisture retention. These mineral soils will tend to maintain their volume after initial settling, proper porosity for drainage and aeration, and nutrient-holding capacity that are qualities critical for healthy roots. ( FS1328: Soil for raised beds (Rutgers NJAES). (n.d.). https://njaes.rutgers.edu/fs1328/)
The organic matter (OM) content in a raised bed containing garden soil, should be 25%-50% by volume or 5%-15% by weight (Soil to fill raised beds. (n.d.). University of Maryland Extension. https://extension.umd.edu/resource/soil-fill-raised-beds/)



What is an amendment?
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Presenter Notes
Presentation Notes
An Amendment is any material added to soil to improve its physical properties or adjust soil pH

Mulch - organic or inorganic materials placed on the soil surface to prevent weed growth, conserve moisture, and add organic matter. These may include:

Amendment - mixed into the soil; works indirectly to improve soil physical properties 

Fertilizer - directly affects plant growth by improving the supply of nutrients in the soil.  Amendments may act as fertilizers by providing nutrients.


Mulches

Benefits:

e Reduces weeds

e Conserves soil moisture

e Moderates soll
temperatures

e Reduces compaction and
erosion

e Can improve soil structure

‘i
straw mulch: Photo by Nathan Blackaby on_Unsplash ‘ UC Master Gardener
fallen leaves: Photo by_Susan Jones on_Unsplash
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Presenter Notes
Presentation Notes
Mulch reduces weeds, conserves soil moisture, and minimizes soil erosion. Mulching is a standard horticulture practice.
Additional benefits of proper mulching include moderating soil temperatures, reducing soil compaction, protecting plants from equipment injury (lawnmowers and weed trimmers), and better appearance.
Mulch should never touch the bark of a plant! (Mulching Trees and Shrubs, n.d.)
Examples:
rocks, pebbles or gravel (inorganic)
wood chips
straw
tree leaves, 
grass clippings, 
wood bark


straw mulch: Photo by Nathan Blackaby on Unsplash
fallen leaves: Photo by Susan Jones on Unsplash


https://unsplash.com/@nathanblackaby?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/photos/a-bird-sitting-on-top-of-a-pile-of-dry-grass-Mhv_aJnUFos?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/@designtaylorandjones?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/photos/brown-dried-leaves-on-ground-h2pjk6XTtH8?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash

Organic Amendments

e Something that was
once alive

e Increase soll organic
matter

e Can act as fertilizer

e Energy source for soill
organisms

e Improve soil structure

L
Image credit: N. Vollrath via Canva ‘
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Presenter Notes
Presentation Notes
Organic amendments - come from something that was once alive
Increase soil organic matter 
Contain plant nutrients that can act as fertilizer
Serve as an energy source for bacteria, fungi, and earthworms
Modify the soil structure as they decompose
Examples of organic amendments include:
Compost
Animal manures
Grass clippings
Leaf mold
Straw
Wood chips and wood ash 
Worm castings



Inorganic Amendments

e Are either mined or man-
made

e They may:
o Provide plant nutrients ==
o Improve soil texture
and structure
o Adjust soil pH
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Presenter Notes
Presentation Notes
Inorganic amendments are either mined or man-made. They may:
Improve soil texture and structure 
Aid in pH adjustment
Examples of inorganic amendments include: 
Greensand
Gypsum
Despite the "clay-buster" claim on product bags, gypsum does not improve the structure of clayey soils A mineral that does not affect soil pH. It is approximately 23% calcium and 18% sulfur by weight. The calcium is quickly available making it a good choice for mixing into soil to prevent blossom end rot in vegetable crops.
Lime
Perlite
Pumice
Sand



Before you amend, consider ...

* Function
 Decomposition rate

* Permeability

« Water retention

* Any associated problems
* Practical aspects
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Presenter Notes
Presentation Notes
FUNCTION - What you want the amendment to do 
DECOMPOSITION RATE - How long the material will last in the soil - 
PERMEABILITY - Whether the material improves  - movement of air and water through the soil 
WATER RETENTION - Whether the material improves the ability of the soil to hold water 
ANY ASSOCIATED PROBLEMS with the material? -  e.g., excess salts, weed seeds, plant, animal or human pathogens)
PRACTICAL ASPECTS - availability, cost, and ease of handling



How to amend your soil

* Minimize soil disturbance
« Start w/compost

* Test pH and add other amendments as
needed

» Consider cover crops during winter
« Add mulch in summer
* Add other organic matter seasonally
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Presenter Notes
Presentation Notes
Drive a garden fork or spade into the soil and rock it back and forth. Move the tool 6-8 inches and repeat. This will help loosen the subsoil which will improve drainage and aeration. (Do not lift and flip the soil over.)
Add a mixture of compost and topsoil (purchased or native) in a 1:2 or 1:1 ratio, to the top of the bed. Over time the quality of the native soil below the raised bed will be improved through the addition of organic matter and root growth of crop plants.
Start w/compost, 1 to 2”, 2x/year (spring & fall), 2 weeks before planting
Test and add amendments as needed, according to package directions, 1 to 2 weeks before planting
Consider cover crops during winter
Add mulch in summer to retain moisture, minimize weeds, and provide habitat for microbes
Add other organic matter - more compost, leaves, aged manure - seasonally
Be prepared to manage weeds right away because any soil disturbance will bring weed seeds to the surface where they can germinate.


How to keep your soil healthy

Minimize disturbance

Image credit: N. Vollrath via Canva
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Presenter Notes
Presentation Notes
Minimize disturbance: Soil disturbance can create a hostile environment for microorganisms

Maximize biodiversity: A wide mixture of plants supports the diversity of soil microorganisms

Maximize living roots: Slow & steady supply of plant nutrients; improved environment for plant roots & soil organisms

Maximize cover: 
Moderates soil temperature
Conserves moisture
Provides food and habitat for soil organisms
Prevents erosion
Suppresses weeds

Minimize chemicals:
Misapplication can disrupt the symbiotic relationships
Some pesticides break down quickly while others may persist 
Soils managed for organic matter may suppress disease organisms, which could reduce pesticide needs. (Role of Organic Matter, NRCS).
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Soil - Your Garden’s Foundation

Useful Resources

Healthy Soils
Soil for a Healthy
California

What is Preparing Other Soil
healthy soil? garden beds Amendments

Soill rganic Mulch
Am%r?dam:ants S el Mulches
table

Adjusting Soil Plant nutrient Recognize &

pH in CA NUtréeOr?ItS Ji deficiency Correct Nutrient

Gardens symptoms Deficiency




Contact us with any questions

Free Master Gardener Hotline
(858) 822-6910
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