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Healthy Soil 
The Key to Growing Great Plants



What is Healthy Soil?
and what is not

Presenter Notes
Presentation Notes





“a naturally occurring mixture of inorganic 
and organic ingredients with a definite form, 
structure, and composition that varies from 
one location to another.“

Soil is …

Presenter Notes
Presentation Notes
Dirt and soil are NOT the same thing. Dirt is a lifeless mixture of minerals, air, and water. Soil includes minerals and air, as well as animals and other living things, and eventually their waste and/or decaying bodies. 
 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




Soil is Living

Video credit:
Soil Science Society of America, 2015

Presenter Notes
Presentation Notes
The living component of soil   (Soil Science Society of America, 2015)
A single teaspoon (1 gram) of rich garden soil can hold up to one billion bacteria, several yards of fungal filaments, several thousand protozoa, and scores of nematodes, according to Kathy Merrifield, a retired nematologist at Oregon State University. (Support, 2023)


http://www.youtube.com/watch?v=Qas9tPQKd8w


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

Healthy soil has …

Presenter Notes
Presentation Notes
 Understanding the physical and chemical characteristics of your soil will help you succeed in planning, planting, and maintaining a healthy and productive garden.  
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



Healthy soil is …

(ds_03_particles-and-pores.gif (260×204), n.d.)

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 a pH between 5.5 and 7.5 (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. 



Soil Composition
Soil Organic Matter
Consists of:
● Microbes
● Fungi
● Plant roots
● Insects - ants, beetles
● Macroinvertebrates - Snails, 

slugs, worms, pillbugs, etc
● Burrowing animals - moles, 

gophers
(Captain Planet Foundation – Engaging & Empowering Young People to Be Problem Solvers for the Planet, n.d.)

Presenter Notes
Presentation Notes
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.).
The microbial component - microorganisms - decompose plant and animal residues and soil organic matter to release carbon dioxide and nutrients available to plants (Microorganisms - Soil Ecology Wiki, n.d.).
Actinomycetes have filaments (hyphae) that help form stable organic aggregates in the soil.
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.)
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). 

Did you know?
Soils in perennial systems, such as forests or orchards, tend to be dominated by fungi. Soils in annual systems, such as grains or vegetables, tend to be dominated by bacteria.(Sloan 2024)

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




What about potting soil?

● Manufactured product
● Contains variable amounts of 

different materials
● May be pH adjusted
● May contain fertilizers
● Little or no actual soil
● Great for containers

(potting_soil_ingredients.jpg (600×400), n.d.)

Presenter Notes
Presentation Notes
Potting soil refers to a manufactured product; consisting of variable amounts of materials such as peat, composted bark, sand, perlite or recycled mushroom compost - although many other ingredients can be used and the proportions vary hugely. Many mixes have their pH adjusted and some may contain small amounts of fertilizer. Despite the name, little or no actual soil is used in potting soil - in large part as it is considered too heavy (or dense) for growing many houseplants.
Source: 
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/



Factors impacting soil health:
● Structure
● Texture
● 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 physical properties play a vital role in water movement, runoff and retention. Typically, soil organic matter and soil microbes influence these physical indicators. Likewise, soil air and water content determine microbial community makeup and activity. Root secretions, called exudates, cement soil particles together. They are sticky mucilages produced by most plants. They can also be byproducts of cellular decomposition. The aggregates formed influence how soils store and drain water.(Sloan, 2024)

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



Structure

Granular

Blocky

Prismatic

Images:
Granular structure (File:Douglas County, SD, Soil Structure on April 27, 2015 (17207379368).Jpg - Wikimedia 
Commons, 2015)
Blocky structure (Kelley & Kelley, n.d.)
Prismatic structure (Kelley & Kelley, n.d.)

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.
Peds have various shapes depending on their “ingredients” and the conditions under which the peds formed: getting wet and drying out, freezing, and thawing, even walking on them can affect the shapes of peds. 
Granular structure: These rounded groups of particles don’t pack together well, allowing more space for water to move through. They are most commonly found at the surface (in A horizons) with higher levels of organic matter, healthy root growth, without significant compaction.
Blocky structure: Blocky structural units are common to find in a B horizon or cultivated A horizon. They can be grouped by either angular blocky having sharp angles likely found in higher-clay soils, or subangular blocky, the more rounded corners.
Prismatic structure: These have longer natural breaks vertically in the soil rather than horizontally. They are generally found in B horizons. Water and roots in this soil will likely move preferentially through the breaks between these units.
To test soil structure: squeeze a moist clod. If it crumbles easily into tiny clods 1/8 to 1/4 inch in diameter, the structure is probably good. If the clod is difficult to break or only breaks into two or three pieces, the structure is poor. (Frey et al., 2018)

Source: 
Frey, L. F., Davis, W. B., Wildman, W. E., & Paul, J. L. (2018). Know Your Soil. In UCCE Master Gardeners of Sacramento County (EHN 55). University of California
Cooperative Extension, Sacramento County. Retrieved February 22, 2024, from https://sacmg.ucanr.edu/files/163131.pdf




Texture

Pore space

Image credit:
Sand: (File:BeachSand.jpg - Soil Ecology Wiki, n.d.
Pore space: (ds_03_particles-and-pores.gif (260×204), n.d.))

Presenter Notes
Presentation Notes
Texture is the proportion of sand, silt, and clay particles in a particular soil 
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).
Soil pore space determines the amount of oxygen, the drainage rate, and capacity of soil to hold nutrients. 
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/





Soil pH

(RSZ_1Soil-Ph.jpg (800×566), n.d.)

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/





Essential Nutrients for Plant Growth

Primary Nutrients

Micronutrients

Macronutrients

Image credit: N Vollrath 2024

Presenter Notes
Presentation Notes
Currently, 17 nutrient elements are known to be essential for plant growth and development. Of the 17 essential nutrients, 3 are taken from the air and water, and the other 14 are absorbed from the soil by plant roots. As the source of the majority of necessary plant nutrients, soil solids are critical to plant health. All 17 elements are equally essential for plant growth and development, but the 14 derived from the soil are divided into three categories based on the relative amounts required: primary nutrients, secondary nutrients, and micronutrients.
Essential nutrients Hydrogen, oxygen and carbon are provided naturally by air and water
Primary macronutrients Nitrogen, phosphorus and potassium are generally required in larger quantities than other nutrients and may need to be supplemented
Secondary macronutrients Calcium, magnesium and sulfur are typically found in sufficient quantities in the soil and no amendments are required
Micronutrients or trace elements – Boron, chlorine, copper, iron, manganese, molybdenum, nickel, and zinc are generally present in healthy soil and can be maintained with regular applications of organic matter

Source:
(University of California Agriculture and Natural Resources. (n.d.). Vegetables. © 2024 Regents of the University of California. https://ucanr.edu/sites/gardenweb/Vegetables/?uid=26&ds=462#)



5 Essential Functions of Soil

Regulating 
water

Sustaining 
plant and 
animal life

Filtering and 
buffering potential 
pollutants

Cycling nutrients

Providing 
physical 
stability and 
support

Presenter Notes
Presentation Notes
What is Soil Health?
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 does all this by performing five essential functions:
Regulating water�Soil helps control where rain, snowmelt, and irrigation water goes. Water flows over the land or into and through the soil.
Sustaining plant and animal life�The diversity and productivity of living things depends on soil.
Filtering and buffering potential pollutants�The minerals and microbes in soil are responsible for filtering, buffering, degrading, immobilizing, and detoxifying organic and inorganic materials, including industrial and municipal by-products and atmospheric deposits.
Cycling nutrients�Carbon, nitrogen, phosphorus, and many other nutrients are stored, transformed, and cycled in the soil.
Providing physical stability and support�Soil structure provides a medium for plant roots. Soils also provide support for human structures and protection for archeological treasures.
(| Natural Resources Conservation Service, 2024)

Soil is vital to: �• Anchor plant roots�• Supply water and air to those roots �• Furnish nutrients for plant growth
Soil also: �• Absorbs rainfall and mitigates flooding�• Removes pollutants and cleanses water�• Stores water for plants, wildlife, and people�•Provides habitat for organisms such as microscopic bacteria and earthworms �• Stores atmospheric carbon
The quality of the soil directly affects its ability to carry out each of these important tasks. (UCANR, n.d.)




School Garden Enrichment ProgramSchool Garden Enrichment Program

Healthy soil:

● Absorbs rainfall, snowmelt and 
irrigation water

● Mitigates flooding
● Supplies water and air to plant roots
● Stores water for plants, wildlife and 

people

Regulating water
5 Essential Functions

Image courtesy of Canva

Presenter Notes
Presentation Notes
Maximizes water-holding capacity so water enters the soil and is available for plant growth ((University of California, Division of Agriculture and Natural Resources, n.d.)
Supply water and air to those roots 
 Absorbs rainfall and mitigates flooding
Stores water for plants, wildlife, and people
water: canva



School Garden Enrichment ProgramSchool Garden Enrichment Program
5 Essential Functions

Healthy soil:

● Provides habitat for organisms such 
as microscopic bacteria and 
earthworms 

● Creates habitat for diverse plants, 
animals, and microbes living in and 
above the soil

Sustaining plant and animal life

Image: (Schaeffer, 2021)

Presenter Notes
Presentation Notes
The diversity and productivity of living things depends on soil.
(| Natural Resources Conservation Service, 2024)
Provides habitat for organisms such as microscopic bacteria and earthworms (UCANR)
• Creates habitat for diverse plants, animals, and microbes living in and above the soil (University of California, Division of Agriculture and Natural Resources, n.d.)




School Garden Enrichment ProgramSchool Garden Enrichment Program
5 Essential Functions

Healthy soil:

● Removes pollutants and cleanses 
water

● Absorbs and filters excess nutrients, 
and pollutants so water does not carry 
contaminants to groundwater or 
surface water 

Filtering and buffering potential pollutants

Image courtesy of Canva

Presenter Notes
Presentation Notes
The minerals and microbes in soil are responsible for filtering, buffering, degrading, immobilizing, and detoxifying organic and inorganic materials, including industrial and municipal by-products and atmospheric deposits (| Natural Resources Conservation Service, 2024)
Removes pollutants and cleanses water
Absorbs and filters excess nutrients, and pollutants so water does not carry contaminants to groundwater or surface water (UCANR, n. d.)
biohazard symbol: canva





School Garden Enrichment ProgramSchool Garden Enrichment Program
5 Essential Functions

Healthy soil:

● Stores & transforms plant nutrients

● Makes nutrients available to plants

● Stores atmospheric carbon

● Minimizes leaching of nutrients to 
ground and surface water 

Cycling nutrients

Image courtesy of Canva

Presenter Notes
Presentation Notes
Carbon, nitrogen, phosphorus, and many other nutrients are stored, transformed, and cycled in the soil. (| Natural Resources Conservation Service, 2024)
Stores atmospheric carbon
Minimizes leaching of nutrients into ground and surface water (UCANR)





School Garden Enrichment ProgramSchool Garden Enrichment Program
5 Essential Functions

Healthy soils:

● Anchor plant roots 

● Provide a healthy rooting environment

● Provide a stable foundation for 
structures

● Protect cultural resources 

Providing physical stability and support

Image courtesy of Canva

Presenter Notes
Presentation Notes
Soil structure provides a medium for plant roots. Soils also provide support for human structures and protection for archeological treasures. (| Natural Resources Conservation Service, 2024)
Anchor plant roots 
Provides a healthy rooting environment
Minimizes run-off and erosion
Provides a stable foundation for structures (UCANR)




Do you have healthy soil?

Presenter Notes
Presentation Notes
Do you have healthy soil? 
Currently, there are no agreed criteria for what makes a “healthy” soil. Rather, (virtually) 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).




Indicators of soil health

Water easily soaks the 
surface

Productive plants

Plenty of earthworms

Soil is easy to work

Images:
vegetables: courtesy of Canva
gardening hands: courtesy of Canva
earthworms: (File:Earthworm on Earth - heart.jpg - Wikimedia Commons, 2006)
water: (Markus-Spiske-SFYDXGRt5OA-Unsplash-200x300.jpg (200×300), n.d.)

Presenter Notes
Presentation Notes
Currently, there are no agreed criteria for what makes a “healthy” soil. Rather, (virtually) 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).
There are many indicators of healthy soil:�• Productive, good-looking plants �• Earthworms �• Water that penetrates easily �• Soil that is easy to work  
(UCANR, n.d.)
(File:Earthworm on Earth - heart.jpg - Wikimedia Commons, 2006)




Getting to know your soil



Dig a hole

(Screenshot 2018-02-23 AT105742am.png (551×312), 2018)

● One or more holes for each 
sampling area

● Use a hand auger, shovel or 
trowel

● Dig when soil is moist
● Look for changes in:

○ texture
○ structure
○ density

○ roots
○ color
○ odor
○ moisture

Presenter Notes
Presentation Notes
The area from which to collect a soil sample may depend on the soil type, topography, crops grown, management history, or all of the above. For example, the farm in Figure 1 has three separate sampling areas: A (orchard), B (pasture), and C (vegetable row crops). In this example, a separate soil sample should be collected from each of the three areas. The same concept applies to smaller acreages; for example, a lawn and a vegetable garden should each be sampled separately. (Support, E. W. (2024, January 10). A guide to collecting soil samples for farms and gardens. OSU ExtensionService.https://extension.oregonstate.edu/catalog/pub/ec-628-guide-collecting-soil-samples-farms-gardens
Soils may also be significantly different due to historic or current management practices. For example, lawns may receive different fertilizers and soil amendments than raised beds or orchard areas.
Because these areas have been managed differently, they will likely have different soil characteristics. If one part of your yard exhibits significantly different plant growth patterns, either excessive growth or stunted growth, sample this area separately from the rest of your landscape. (How to Take a Soil Sample | Extension | University of Nevada, Reno, n.d.)
It is commonly believed having a sample of soil tested in a laboratory is the first step in solving soil problems. This is not so. Laboratory analysis can be very helpful, particularly when certain kinds of chemical problems are involved. 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).
The number of holes that must be dug depends on the size of the site and the kinds of plants that will be grown.  For a home landscape, a hole near each corner of the property and each place where a large shrub or tree will be planted may be enough. A hand auger is a good tool for the job.  It is easier to detect slight changes in texture, structure or density with a hand tool than with a power auger.  Digging when the soil is moist all the way down also helps to detect changes in the characteristics of the soil, and even slight changes can make a big difference in the way plants grow or fail to grow.  While digging, stop every few inches and examine the soil that is brought up. Examine for roots, color, odor, moisture, texture, structure, and density.  Note changes in any of these characteristics as well as the depth of soil above hardpan, bedrock, hard clay or any other impervious material that prevents excess water from draining out of the soil. (Frey et al.,2018)



Check the Texture

Video: (Stark Bro’s, 2021)

Presenter Notes
Presentation Notes
Loam, which is soil with ideal texture, is a combination of the three particle sizes. Soils that contain a higher proportion of any one of the three may present problems. However, it is rare to find a soil that will not grow a good garden or landscape if it is properly handled. (Frey et al., 2018)



http://www.youtube.com/watch?v=LhRnwn0LknQ


Check the stability

Video:TheUSDANRCS, 2012

Presenter Notes
Presentation Notes
Soil aggregate stability measures the soil’s resistance to mechanical stress. Soils with greater aggregate stability are more resistant to erosion by wind or water. Glues and mucilage — byproducts of microbial and plant metabolism — contribute to aggregate stability. Soil aggregation influences void spaces, aeration, drainage and nutrient retention and provides habitat for soil biota.(Sloan, 2024)


http://www.youtube.com/watch?v=9_ItEhCrLoQ


Check the moisture
Fine sand and loamy fine sand soils at various soil moisture 
conditions

Slightly moist Moist Wet
● Very weak ball
● Well-defined finger 

mark

● Weak ball
● Loose sand grains
● Darkened color
● Moderate staining on 

fingers
● Will not ribbon

● Weak ball
● Loose sand grains
● Darkened color
● Heavy water staining on 

fingers
● Will not ribbon

All images: (Estimating Soil Moisture by Feel and Appearance, 1998)

Presenter Notes
Presentation Notes
While digging, check for moisture every few inches. Is the soil at that depth dry, moist, wet or waterlogged? A good field test for soil moisture is to try and squeeze a handful into a ball. If a ball forms, try to crush it and see if it will crumble. Dry soil will not form a ball; moist soil will form a ball that will crumble when crushed. A ball of wet soil can be squeezed around into different shapes but will not crumble unless it is very sandy. (Frey et al., 2018)
These pictures show the appearance of fine sand and loamy fine sand soils at various soil moisture conditions. (Estimating Soil Moisture by Feel and Appearance, 1998)



Check the moisture
Sandy clay loam, loam, and silt loam soils at various soil moisture 
conditions

Slightly moist Moist Wet
● Weak ball with rough 

surfaces
● No water staining on 

fingers
● A few soil grains break 

away

● Forms a ball
● Darkened color
● Very light staining on 

fingers
● Forms a weak ribbon

● Forms a ball
● Well-defined finger marks
● Light to heavy soil/water 

coating on fingers
● Ribbons between thumb 

and forefinger
All images: (Estimating Soil Moisture by Feel and Appearance, 1998)

Presenter Notes
Presentation Notes
While digging, check for moisture every few inches. Is the soil at that depth dry, moist, wet or waterlogged? A good field test for soil moisture is to try and squeeze a handful into a ball. If a ball forms, try to crush it and see if it will crumble. Dry soil will not form a ball; moist soil will form a ball that will crumble when crushed. A ball of wet soil can be squeezed around into different shapes but will not crumble unless it is very sandy. (Frey et al., 2018)
These pictures show the appearance of fine sand and loamy fine sand soils at various soil moisture conditions. (Estimating Soil Moisture by Feel and Appearance, 1998)



Check the drainage
• Dig a hole about 1 foot deep
• Fill with water and allow it to 

drain completely
• Immediately refill the pit and 

measure the depth of the 
water with a ruler

• 15 minutes later, measure the 
drop in water in inches, and 
multiply by 4 to calculate how 
much water drains in an hour

< 1” per hour POOR

1” - 6” per hour IDEAL

> 6” per hour EXCESSIVE



Check the color and odor
Black High in organic matter (4% or more)

Brown Good organic matter content and well-drained

Red Low in organic matter, well drained; color is due to 
the presence of iron

Gray Low in organic matter, poorly-drained

Yellow Low in organic matter, well-drained

Mottled Mottling effects in subsoil indicates both well and 
poorly drained conditions during the year due to 
fluctuations in water table

(File:Park Archaeologist Beth Horton Examine Soil Color (43002388321).Jpg - Wikimedia 
Commons, 2018)

Presenter Notes
Presentation Notes
Soils come in many colors, and soil of almost any color can be good.   If the soil has not been moved around or scraped off, it is usually a darker color because it contains more organic material than further down. Soil that is mottled with black or rust colored spots probably has been waterlogged for long periods of time, and could get that way again unless precautions are taken to prevent it. This is often seen in soil that is underlaid by dense clay, hardpan or some other impervious material (Frey et al., 2018). 
Check the odor
When moist, most soils have a pleasing odor.   Poorly aerated soil, or soil that stays wet much of the time, usually has a putrid, sour, or other disagreeable odor (Frey et al, 2018).




Check the depth & uniformity

(“San Joaquin - California State Soil,” n.d.)

Look for:
● compact clay
● bedrock
● hardpan
● layer of sand or gravel

San Joaquin Soil Series
● Surface layer: brown loam
● Subsoil - upper: brown loam
● Subsoil - lower: brown clay
● Substratum: light brown and brown, indurated 

hardpan

Presenter Notes
Presentation Notes
In many places the soil is underlaid by hardpan, bedrock, compact clay, or some other material so dense that neither water nor roots can penetrate. It is important to note the depth of the soil in which plants have an opportunity to develop roots. Special care may be needed to prevent waterlogging in the root zone because roots soon die from lack of air in soil that stays too wet too long (Frey et al, 2018).
Layers of different materials in the soil mass can interfere with movement of air and water within the soil.  Even a thin layer of compact soil can delay water movement down through the soil causing the soil above it to stay too wet too long. A layer of sand or gravel can do the same thing. It seems water would readily drain out of soil underlaid by sand or gravel, but it does not.  Water will not move into the sand or gravel unless the soil above it is completely saturated, so even soil above sand or gravel can stay too wet too long (Frey et al, 2018). 






Check the pH and nutrients

(81LMIYOIRFL._AC_SX425_.jpg (425×755), n.d.)

(The Celtic Farm, n.d.)

Presenter Notes
Presentation Notes
Inexpensive pH meters, test strips and chemical test kits are available at nurseries and other suppliers that provide an easy way to test the pH of your soil 
Inexpensive test kits are available at nurseries and other suppliers that can be used to determine levels of nitrogen, phosphorus, and potassium in your soil.

Handout - 339517.pdf - Nutrients in Soil




Should I test my soil?

Ask yourself …

● Do my plants look healthy?

● What am I growing?

● Why am I growing it?

● How much does testing cost?

● What will I do with the results?

By Alandmanson - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=61423168

Presenter Notes
Presentation Notes
Ask yourself …
Do my plants look healthy?
What am I growing?  Food crop vs ornamental
Why am I growing it?   Income vs pleasure
How much does testing cost?  Lab vs diy
What will I do with the results?



Keep Your Soil Healthy

Presenter Notes
Presentation Notes
As world population and food production demands rise, keeping our soil healthy and productive is of paramount importance. By farming using soil health principles and systems that include no-till, cover cropping, and diverse rotations, more and more farmers are increasing their soil’s organic matter and improving microbial activity. As a result, farmers are sequestering more carbon, increasing water infiltration, improving wildlife and pollinator habitat—all while harvesting better profits and often better yields. (Natural Resources Conservation Service, 2024)

Managing for soil health (improved soil function) is mostly a matter of maintaining suitable habitat for the myriad of creatures that comprise the soil food web. This can be accomplished by disturbing the soil as little as possible, growing as many different species of plants as practical, keeping living plants in the soil as often as possible, and keeping the soil covered all the time (NRCS, 2024). In addition, using fewer chemicals that may be toxic to microorganisms in the soil is also essential (UCANR, 2024).




Manage Common Soil 
Problems

● Compaction
● Drainage
● Too much water, too little air
● Too little water, too much air

● pH
● Erosion

Presenter Notes
Presentation Notes
Unhealthy soil causes poor plant performance. Correct soil deficiencies in your garden before you plant. Common soil problems are:
Compaction
Drainage
Too much water, too little air
Too little water, too much air
pH�Erosion
Evaluating your soil and making adjustments prior to planting saves time and money and results in a healthier, more beautiful landscape. The health of your soil determines the health of your plants.�




Compaction

To manage compaction:
● Design your planting area so 

that you do not walk over bare 
soil in your garden

● Soil should not be dug until it is 
sufficiently dry enough to 
crumble when worked on

Image: (3-Pathway_Sam_Saunders_CCBYSA20.jpg (563×600), n.d.)

Presenter Notes
Presentation Notes
Foot traffic and heavy equipment crush the soil’s pores. When soil becomes compacted, the pore spaces collapse, adversely affecting the movement of air and water through the soil.�To manage compaction:
Design your planting area so that you do not walk over bare soil in your garden
Soil should not be dug until it is sufficiently dry enough to crumble when worked on




Drainage
To improve drainage: 

ADD ORGANIC MATTER! 
● Compost
● Organic mulches
● Living plants
● Cover crops 

(Columbus KFeehan Soil Erosion, resized.jpg (600×400), n.d.)

Presenter Notes
Presentation Notes
With good drainage, there is less chance of runoff, nutrient loss and soil erosion. Well-drained soil means plants are less stressed and therefore less susceptible to disease. 
To improve drainage: 
Add organic matter to improve pore space and build up available organic carbon.  
Compost, organic mulches, living plants, and cover crops are examples of organic matter that improves drainage, water holding capacity, nutrient retention, and plant root growth.
Plant landscape plants on mounds 




Too much water, too little air

To prevent aeration deficit:

● Avoid compaction
● Improve soil structure
● Select plant species that are 

more tolerant of wet soils, 
especially if periodic soil 
saturation is unavoidable

(File:Gley.JPG - Wikimedia Commons, n.d.)

Presenter Notes
Presentation Notes
Plant roots need oxygen to grow and to absorb nutrients and water. When soil is compacted, flooded with too much water, or has poor structure, there just isn't enough air for plant roots to thrive.
Aeration is the process of air passage through pore spaces in soil to provide an adequate supply of oxygen. Because roots require oxygen for growth and the uptake of nutrients and water, insufficient oxygen in the root zone (aeration deficit, sometimes called waterlogging) results in root asphyxiation and is a serious, often life-threatening problem for plants. Insufficient soil oxygen, excess soil moisture, and root decay pathogens often act in combination to damage or kill plants.
To diagnose aeration deficit, examine soil and roots and suspect aeration deficit if
Soil or roots smell like rotten eggs.
Soil is bluish gray or black and roots appear discolored, rotted, or water-soaked.
Water ponds (accumulates) on the soil surface or drains slowly (e.g., topsoil remains soggy).
To prevent aeration deficit:
Avoid compaction
Improve soil structure
Select plant species that are more tolerant of wet soils, especially if periodic soil saturation is unavoidable



Too little water, too much air

To prevent overwatering or underwatering:

● Use appropriate and efficient irrigation 
systems

● Consider the depth, structure and texture 
of the soil

● Consider the microclimate
● Understand your landscape’s moisture 

demands 

Images:
sprinklerhead: (FEMP_Sprinklerhead.jpg (820×410), n.d.)
Smart water controller: (Rainbird-st.jpg (580×326), n.d.)
Soaker timer: (E3b91cf0-2a5f-4afe-89bf-f82a44af5faa.jpg (800×800), n.d.)
Soaker hose: (04fb5271-5f64-471a-820c-05afc30aa9f7.jpg (800×800), n.d.)

Presenter Notes
Presentation Notes
One of the most common causes of landscape problems has to do with irrigation, most often, overwatering. Either too much or too little moisture in the soil can have adverse effects on plants.
Irrigation during at least the drought season is required to maintain most urban landscapes in California. The appropriate irrigation frequency and the volume of water to apply during each watering vary greatly. Considerations include drainage patterns, microclimate, moisture demand according to plant species and season, rooting depth, efficiency and type of the irrigation system, and the depth, structure, and texture of the soil.
A properly operated, irrigation controller can help you avoid over- or underwatering plants. With some types, you must periodically adjust the settings manually as plants’ need for irrigation changes with the weather and seasons. Some “smart” irrigation controllers use on-site, soil-moisture sensors or weather-dependent, evapotranspiration (ET) data to automatically adjust the watering schedule.
To prevent overwatering or underwatering:
Use appropriate and efficient irrigation systems
Consider the depth, structure and texture of the soil
Consider the microclimate
Understand your landscape’s moisture demands 




Soil pH

To adjust pH:
● Replenish the soil each gardening 

season by amending it with 
organic matter, e.g., compost and 
mulch

● Amend soil to adjust soil pH up or 
down

(316193.jpg (350×363), n.d.)

Presenter Notes
Presentation Notes
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. (Soil Tech Note 8A- Actinomycetes | Natural Resources Conservation Service, n.d.)
To adjust pH:
Replenish the soil each gardening season by amending it with organic matter, e.g., compost and mulch. 
Review this chart (amendments) to find amendments that will help adjust soil pH up or down. (UCANR)




Erosion

To reduce erosion:
● Replace lost nutrients by adding compost
● Add three inches of organic mulch each 

year.  
● Plant a cover crop 
● Use an inorganic mulch (stone, gravel, 

DG) where appropriate
● Keep soil covered 

(Erosion-400x320.jpg (400×320), n.d.)

Presenter Notes
Presentation Notes
Soil erosion is the removal of the upper layer of soil. Erosion most often occurs on slopes, bare soil, and near downspouts or other places in the landscape where water rushes onto or over the land. The removal of the nutrients, water, and air plants need makes it difficult for plants to survive and grow.  Erosion is a natural process caused by storms, water, wind, plants, animals, and often humans.  
To reduce erosion:
Add compost to the soil to help replace those lost nutrients.  
Add three inches of mulch each year.  
Planting a cover crop can give a boost to your soil.  
Placing crushed stone, wood chips, and other similar materials in heavily used areas can also protest against erosion. Keep soil covered with groundcovers, mulches, or cover crops.


https://marinmg.ucanr.edu/BASICS/MULCH


Optimize Soil Health
5 Principles 



5 Principles

Minimize
disturbance

Maximize 
living roots

Maximize 
biodiversity

Maximize 
soil cover

5 Principles

Minimize 
chemicals

Presenter Notes
Presentation Notes
As world population and food production demands rise, keeping our soil healthy and productive is of paramount importance. By farming using soil health principles and systems that include no-till, cover cropping, and diverse rotations, more and more farmers are increasing their soil’s organic matter and improving microbial activity. As a result, farmers are sequestering more carbon, increasing water infiltration, improving wildlife and pollinator habitat—all while harvesting better profits and often better yields. (| Natural Resources Conservation Service, 2024)
Soil works for you if you work for the soil by using management practices that improve soil health and increase productivity and profitability immediately and into the future. A fully functioning soil produces the maximum amount of products at the least cost. Maximizing soil health is essential to maximizing profitability. Soil will not work for you if you abuse it.
Managing for soil health (improved soil function) is mostly a matter of maintaining suitable habitat for the myriad of creatures that comprise the soil food web. This can be accomplished by disturbing the soil as little as possible, growing as many different species of plants as practical, keeping living plants in the soil as often as possible, and keeping the soil covered all the time. In addition , using chemicals as little as possible is also important (Role of Organic Matter, NRCS)




School Garden Enrichment ProgramSchool Garden Enrichment Program
Minimize Disturbance

5 Principles

Why?
● Soil disturbance can create a hostile environment for 

microorganisms
● Protects against water ponding or erosion.

How?
● Tread lightly
● Don’t work in wet soil!
● Lay organic matter on the surface
● Push aside the mulch layer when you plant
● Cut your plants at the soil line Image: (Boley, 2022)

Presenter Notes
Presentation Notes
Soil disturbance can be the result of physical, chemical or biological activities. Physical soil disturbance, such as tillage, results in bare and/or compacted soil that is destructive and disruptive to soil microbes, and it creates a hostile environment for them to live. Overgrazing, a form of biological disturbance, reduces root mass, increases runoff, and increases soil temperature. All forms of soil disturbance diminish habitat for soil microbes and result in a diminished soil food web.
soil compaction: Photo by Sam Saunders, Flickr  CC BY-SA 2.0; Figure 1-18 in https://content.ces.ncsu.edu/extension-gardener-handbook/1-soils-and-plant-nutrients

garden tools: unsplash

https://marinmg.ucanr.edu/BASICS/SOIL_813/Common_Soil_Problems/


School Garden Enrichment ProgramSchool Garden Enrichment Program
5 Principles

Maximize biodiversity
Why?

● A wide mixture of plants supports the 
diversity of soil microorganisms

How:
● Include different plant types (perennial, 

annual, woody, grassy, broadleaf, legume, 
etc.) 

● Use plants with different root structures 
(tap, fibrous, etc.).

● Rotate crops 

Images:
Beets:Kilmartin, E., [UCANR] (2016)
Flowers:Thomas (2018)
Mycorrhizae: Canva
Peas: Ganzhyi (2021)

Presenter Notes
Presentation Notes
Plants use sunlight to convert carbon dioxide and water into carbohydrates that serve as the building blocks for roots, stems, leaves, and seeds. They also interact with specific soil microbes by releasing carbohydrates (sugars) through their roots into the soil to feed the microbes in exchange for nutrients and water. A diversity of plant carbohydrates is required to support the diversity of soil microorganisms in the soil. In order to achieve a high level of diversity, different plants must be grown. The key to improving soil health is ensuring that food and energy chains and webs consist of several types of plants or animals, not just one or two.
Biodiversity is ultimately the key to the success of any agricultural system. Lack of biodiversity severely limits the potential of any cropping system and increases disease and pest problems. A diverse and fully functioning soil food web provides for nutrient, energy, and water cycling that allows a soil to express its full potential. Increasing the diversity of a crop rotation and cover crops increases soil health and soil function, reduces input costs, and increases profitability. (NRCS)
Why?
A wide mixture of plants supports the diversity of soil microorganisms
How:
Include different plant types (perennial, annual, woody, grassy, broadleaf, legume, etc.) 
Use plants with different root structures (tap, fibrous, etc.).
Rotate crops (UCANR) 
flowers: avery thomas, unsplash
peas: nadiia ganzhyi
mycorrhiza
beets





School Garden Enrichment ProgramSchool Garden Enrichment ProgramMaximize soil cover
5 Principles

Why?
● Moderates soil temperature
● Conserves moisture
● Provides food and habitat for soil organisms
● Prevents erosion

How:
● Keep soil covered
● Plant cover crops
● Use organic mulch
● Leave plant residue in place

Images:
Wood chips: (Hou, 2019)
Fallen leaves: Jones (2020)
Straw mulch: (343777display.png (1440×502), n.d.)

Presenter Notes
Presentation Notes
Soil cover conserves moisture, reduces temperature, intercepts raindrops (to reduce their destructive impact), suppresses weed growth, and provides habitat for members of the soil food web that spend at least some of their time above ground. This is true regardless of land use (cropland, hayland, pasture, or range). Keeping the soil covered while allowing crop residues to decompose (so their nutrients can be cycled back into the soil) can be a bit of a balancing act. Producers must give careful consideration to their crop rotation (including any cover crops) and residue management if they are to keep the soil covered and fed at the same time.  (Soil Health Management | Natural Resources Conservation Service, n.d.)
UCANR, cover crops
wood chips: canva




School Garden Enrichment ProgramSchool Garden Enrichment ProgramSchool Garden Enrichment ProgramMaximize presence of living roots
5 Principles

Why?

● Slow and steady supply of plant nutrients
● Improves soil structure
● Promotes movement of air and water
● Improved environment for plant roots and soil 

organisms
How:
● Let it be!
● Leave grass clippings on the lawn.
● Use compost as a mulch.
● Keep plants growing throughout the year

Presenter Notes
Presentation Notes
Living plants maintain a rhizosphere, an area of concentrated microbial activity close to the root. The rhizosphere is the most active part of the soil ecosystem because it is where the most readily available food is, and where peak nutrient and water cycling occurs. Microbial food is exuded by plant roots to attract and feed microbes that provide nutrients (and other compounds) to the plant at the root-soil interface where the plants can take them up. Since living roots provide the easiest source of food for soil microbes, growing long-season crops or a cover crop following a short-season crop, feeds the foundation species of the soil food web as much as possible during the growing season.
Healthy soil is dependent upon how well the soil food web is fed. Providing plenty of easily accessible food to soil microbes helps them cycle nutrients that plants need to grow. Sugars from living plant roots, recently dead plant roots, crop residues, and soil organic matter all feed the many and varied members of the soil food web. https://marinmg.ucanr.edu/EDIBLES/COVERCROPSETC/
lupine: Matson, 2014
milkweed:https://calscape.org/view.php?pl=434&img=166390&calphoto=1 (Kramer, 2015
corn: canva



School Garden Enrichment ProgramSchool Garden Enrichment ProgramSchool Garden Enrichment Program

Why?
● Possibly toxic to soil microorganisms
● Can disrupt the symbiotic relationships
● Some pesticides break down quickly while 

others may persist for long periods.
How:
● Choose organic over synthetic
● Choose the right plant in the right place
● Providing habitat for natural enemies 
● Use Integrated Pest Management

Minimize the use of chemicals

5 Principles

Presenter Notes
Presentation Notes
Misapplication of fertilizers and other chemicals can disrupt the symbiotic relationships between fungi, other microorganisms, and plant roots (NRCS, 2024). Organic matter may bind pesticides, making them less active. Soils managed for organic matter may suppress disease organisms, which could reduce pesticide needs. (Role of Organic Matter, NRCS).
Why
Fertilizers and pesticides may be toxic to microorganisms in the soil. 
Misapplication of farm inputs can disrupt the symbiotic relationships between fungi, other microorganisms, and plant roots.
Some pesticides break down quickly while others may persist for long periods.
How
Add organic compost rather than synthetic fertilizer.
Choose disease-resistant plant varieties and plants that will grow well on your site.
Manage pests by providing habitat for natural enemies. 
Use an integrated pest management approach to help reduce the use of pesticide




Potential benefits:
• Free or low cost organic matter
• Time spent outdoors
• Mental and emotional health

Should I use compost from The Greenery?

Potential costs & considerations:
• How much would I consume?
• Who would be consuming my 

produce?
• Other environmental hazards

It depends on your tolerance for risk

Presenter Notes
Presentation Notes
No info re: persistence of ag chemicals
Risk tolerance/ cost & benefit analysis
Benefits:
Time spent outdoors
Mental and emotional health
Potential costs:
How much do I consume
Toxicity
Dosage
Bioaccumulation
Who would consume what I produce?
Kids vs adults vs pregnant people vs immuno-compromised people
Other environmental risks such as micro plastics





Conclusions
• Soil is ALIVE!
• Get to know your soil
• Adopt the 5 principles

• Minimize disturbance
• Maximize biodiversity
• Maximize soil cover
• Maximize living roots
• Minimize use of chemicals

When in doubt, ADD ORGANIC MATTER!
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