
These materials were created to train MG volunteers from Dutchess, Putnam, Westchester, Rockland, 

Orange, Ulster and Sullivan Counties in spring of 2018.

Soil – A mixture of minerals, organic matter, water, and air, which forms on the land surface and can 

support the growth of plants.

Dirt - Soil that has lost the characteristics that give it the ability to support life – it is dead.

Plant nutrition refers to the needs of the plant and how a plant uses the basic chemical elements. 

Fertilization is the term used when these elements are supplied to the soil as amendments. Adding 

fertilizer during unfavorable growing conditions will not enhance plant growth and may actually harm or kill 

plants.
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This the background for the project and its goals. 

Home composting is a topic which is of great interest to home gardeners, and pretty simple to do well.  

But soil is a living, dynamic resource and the actual positive effect of organic matter in soil is complicated. 
True understanding requires a background in geology, chemistry and biology.  

The goal of this presentation is to explain the science to non-scientists and thus encourage more composting and 
more use of Organic Material in gardens and ultimately, more sustainable gardening. 

Trained Master Gardeners volunteers will be able to widely spread their knowledge and enthusiasm for the topic. 

The Toward Sustainability Foundation ‘s  scope is managed landscapes including gardens and green spaces.
The Grants Goals for this project  are to: Develop, evaluate, strengthen, and disseminate knowledge about organic 
and sustainable farming, gardening and landscapes; Improve and expand organic and sustainability systems 
knowledge and information through educator enrichment within the Cornell Cooperative Extension (CCE) and Master 
Gardener Volunteer and youth development networks.
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These are the key points which will be introduced, explained, and reinforced throughout the presentation.  

Tell them what you will be telling them: the value of organic matter, and how OM in soil makes nutrients available to 
plants. 

Note: Compost i.e. Organic Matter is NOT a fertilizer per se. 
Most commercial fertilizers add nutrients to soil. OM enables the nutrients already in soil to be taken up by plants.  
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These definitions are included here to reduce confusion later. 

The word COMPOST can be used as a verb and as a noun. 
The act of Composting (managed decomposition) produces a finished material often called Compost. There are many 
uses for compost such as a mulch or a soil amendment.   

In soil and scientific discussions, the more precise term for Compost is Organic Matter. That’s the term we’ll be using 
in this presentation.  

Organic Matter is a substance. It should not be confused with “Organic Gardening” which is a practice.  
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These are the main sections of the presentation.

The speakers notes on each page will indicate which topic on the agenda is being discussed. 
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Why Compost? 
In the US, tons of waste go to  landfills.. In the Hudson Valley there are no local landfills, so waste is trucked hundreds 
of mile which adds cost and more pollutants. 
Much of this waste is organic which will decompose into organic matter.
These are US Environmental Protection Agency Municipal Solid Waste statistics from 2014. (MSW does not include 
industrial, hazardous, or construction waste.) If your county tracks MSW, you may find comparison numbers which 
you can share with audiences. 

Why compost? Because we can improve many factors of our environment, lower costs for waste management, and 
create useful end products such as Organic Matter to amend soil. 
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Why Compost? 
When home owners practice composting they are accomplishing 2 things – reducing the environmental impact of 
waste by removing tons of materials from Municipal Solid Waste volumes and producing a valuable finished product 
called compost or organic matter (OM) to use as a soil amendment. 

Organic matter is a great addition to soil. These points will be covered in more detail, but are introduced here. 
• Healthy soil is a balanced combination of living and non-living substances, with enough structure, depth and 

nutrients to sustain healthy roots and grow healthy plants.  
• In home gardens, how the soil is managed and what is grown affects soil health. 
• Organic Matter improves soil health, which in turn grows healthier plants. 

OM improves soil’s texture, structure and tilth which in turn improves soil’s ability to both hold water and drain 
better and resist erosion.

Practices which improve soil health effectively replace expensive practices such as buying and applying fertilizers and 
help avoid the need for pesticides.  
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Sustainable: The ability to carry on an activity indefinitely with minimal impact on the environment. 
California Gardening, http://cagardenweb.ucdavis.edu

“Sustainable” means to perpetuate existence as well as to provide sustenance and nourishment.

U. Delaware: A sustainable landscape is a stable and productive ecosystem that conserves the physical and biological 
processes occurring on that landscape. Designed and managed sustainable landscapes maintain hydrological 
function, plant and animal diversity and biomass, soil integrity, and contribute to human wellness.
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Sustainable gardening  especially in the context of vegetable gardens means that you grow and harvest vegetables 
year after year with the focus listed on this slide.

Sustainable gardening does not ‘OUT-LAW” chemical fertilizers, but reliance on them make your garden less 
sustainable. Fossil fuels are required in their manufacture, they are transported long distances, they don’t improve 
soil quality and they may contribute to water pollution.  
Similarly – ordering and shipping organic materials a long distance is not sustainable.  

Examples include: avoiding long-distance shipping of garden materials, avoiding materials that aren’t reusable for 
many seasons, reusing recyclable materials for unique purposes (e.g. soup can tops and a Sharpy pen make great 
plant labels). Understanding soil pH effect on plant nutrients, helps identify small adjustments which have a large 
effect. Growing a large number of different plants and cultivars expands the garden’s genetic diversity and attracts 
and conserves beneficial insects. 

Sustainable gardening often is similar to organic gardening, but if you simple substitute organic pesticides and 
fertilizers for synthetic products, your garden might be technically organic, butt not necessarily sustainable. 

From University of Maryland Master Gardener Handbook, Vegetable Gardening Approaches, Chapter 17. 

9



Now let’s look specifically at Soil. 
Soil is a complex ecosystem composed of organisms living within a physical environment of mineral and organic 
particles, gases, water, nutrients and other chemical elements.   

Soil solids are a blend of mineral materials and organic matter. The mineral materials are typically weathered rock of 
varying sizes called sand, silt, and clay (more on that in a moment). The organic matter consists of decaying plant and 
microbial residues. Sold solids create the support system within which the soil solution and soil air exist.

The liquids and gasses, or Soil Solution is water, air, and dissolved materials and is the source of nutrients for plants. 
This changes constantly during the growing season depending for example, on plant uptake of nutrients, the amount 
of rain and how deeply it penetrates (percolation), and the movement of plant nutrient from and to soil solids.  

Healthy soil: Absorbs, holds and releases water; resists erosion; exchanges gases; assimilates carbon into humus; 
suppresses insects pests and plant pathogens; and sustains biodiversity. 
See Penn State Extension Master Gardener Manual Chapter 4 – Soil health and Fertilizer Management.
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Soil is both an agricultural  medium and an engineering material. 
Some plants don’t grow in soil (e.g. orchids in trees, aquatic plants …) but most do.
Soil which can be used to grow plants sometimes is not stable enough to support a building. 
Soil where a building once stood might be too compacted to grow plants.

Soil can improve the quality of water. But chemicals or fertilizers applied to some soils can cause water pollution. 

Soil is home to microbial biomasses (bacteria and fungi) - the living component of soil organic matter. The microbial 
biomass decompose plant and animal residues and soil organic matter to release carbon dioxide and plant available 
nutrients. http://soilquality.org.au/factsheets/microbial-biomass

Physical, chemical and biological properties of soil interact to influence  how soil  is formed, and how it functions.
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Soil
This is a geological representation of New York State from the New York State Museum in Albany. 
https://www.lakegeorgeassociation.org/wp-content/uploads/2017/03/bedrock-geology-new-york-state.jpg

As you can see, the geology of the state varies widely, as do the growing conditions and crops grown across the state.

Some of the  ways New York was formed are: 
• Igneous rock originated from the earth’s interior in molten form and then cooled; 
• Pieces of the earth’s crust moved and shoved up mountains; 
• Water and wind eroded the mountains and created sediment; 
• Sediment collected, compacted and became rock; 
• Glaciers scraped out lakes and created moraines (e.g. Long Island), and a fjord (the Hudson River).
Here is the order, from the oldest to most recent
• The Adirondacks and Hudson Highlands
• The Taconic mountains, and the River valleys of the Hudson, Mohawk and Wallkill 
• The Catskill Delta  (erosion)
• The Alleghany mountains
• The Palisades (a Laval shelf)
• The Opening of the Atlantic Ocean
• Long Island,  the Great Lakes and Finger Lakes, and the Hudson River.     

read more at http://www.geo.hunter.cuny.edu/courses/geog383.19/geology_nys.pdf
“Geology of New York: A Simplified Account” 12
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Soil
Note how many different types of soil there are in the lower Hudson River region

If the audience is interested, take time for them to find their neighborhood.
A good tool is the USDA Web Soil Survey application at https://websoilsurvey.nrcs.usda.gov/app/

This map image is from the New York State Museum http://www.nysm.nysed.gov/publications/map-chart-series
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Soil
There are even more detailed  views available county by county. Depending on where you live you might be on soil 
which is predominately silt, or clay, or bedrock. You can see along our major creeks where sand and gravel have 
accumulated. 

What you don’t see in Dutchess County is broad spans of good agricultural land for growing crops.  That (and other 
reasons) is why historically there were more dairy farms than for example, potato farms. 

Many more maps are available  from the New York State Museum at 
http://www.nysm.nysed.gov/publications/map-chart-series
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Soil
Geological events over billions of years formed bedrock and rock debris called Parent Material. The effect of climate 
(wind, rain, freezing, thawing)  and vegetation (growing and decomposing) over time created soil. 

Soil is a combination of weathered rock fragments and new formed clay material and the decaying remains of  plants 
and animals (called Organic Material). Varying proportions of air, water and organisms are also present. 
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Soil Horizons form over time
O-horizon: leaf litter, organic material.
A-horizon: plough zone, rich in organic matter. Most fertile layer with the most plant roots, nutrients & water
B-horizon: zone of accumulation. Provides storage space for nutrients and water, regulates soil temperature 
and air supply.
C-horizon: weathered parent material; little organic material. Influences the soils texture, natural fertility, rate 
of formation, acidity and depth and also the surrounding topology. 
R-horizon: unweathered parent material

Horizons usually differ in color, texture, consistency and structure.
They also vary in chemical, physical and mineralogical characteristics and/or composition.  

Horizons are affected by 
Additions: new material e.g. flooding could add material
Losses: eroding from soil or loss through bottom of soil moving down e.g. ex: flooding could remove material
Translocations: organic matter can move down into the soil,  includes dissolved liquids e.g. worms moving organic 
matter down
Transformations: material changing from one thing into another e.g. worm breaking down organic material

Penn State MG Manual, Chapter 4
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Soil Texture
The relative distribution of different sized soil material particles of less than 2 millimeters in diameter is referred to as texture.

Soil minerals exist in various sizes

Mineral Class Size of mineral particles  Feel of particles
Sands 0.05-2 millimeters (mm) Gritty
Silts 0.0002-0.05 millimeters (mm) Like flour or talcum powder
Clays Less than 0.0002 millimeters (mm) Sticky when wet

More explanation of drainage, water capacity, and nutrient exchange will follow in a few slides. 
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Soil
Twelve textural classes are recognized by the USDA.  The textural class affects many properties in the soil. Loams are best 
for home gardening. 

Sands, Loamy Loams, silt loams, silts, Clays, sandy 
loamy sands, clay loams, sandy clay loams, clays, silty clays
sandy loams silty clay loams

Water-holding capacity Low Moderate High
Susceptibility to erosion Low High   Moderate
Leaching potential High Moderate Low
Nutrient-retention & Low Moderate High
and exchange capacity

One you determine your soil texture, you can decide if  it suits the plants  you want to grow, or if it needs to be 
changed. 

https://www.nbcsd.org/cms/lib/PA01001217/Centricity/Domain/116/Soil%20Texture%20Soil%20Activity.pdf
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Soil aggregates. 
Several biological, physical, and chemical processes interact to form aggregates and then stabilize them. Microbes 
decomposing organic matter create compounds that cement soil particles together. Humus - the stable organic compounds -
also binds soil particles together. 

Fungal hyphae and fine roots surround and stabilize aggregates. This is why surface residue and other organic matter improve 
soil structure - the residue is food for fungi and bacteria that in turn help form and stabilize soil aggregates. 

Larger organisms (such as insects and earthworms), enhance soil structure when they burrow through the soil and deposit 
fecal pellets that become stable soil aggregates.

Physical and chemical processes are also important to the formation of soil aggregates - especially smaller aggregates. 
Particles are physically pushed closer together by freezing and thawing, wetting and drying, and roots pushing through the 
soil. 

Mechanical actions can affect soil. Vehicles can compact it which affects infiltration. Poor tilling practices can make it “platty” 
which negatively impacts drainage. 

https://www.extension.umn.edu/agriculture/soils/soil-properties/soil-management-series/introduction-to-soil-management/
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Organic Matter
Of all the components of soil, organic matter is probably the most important and most misunderstood. Organic 
matter serves as a reservoir of nutrients and water in the soil, aids in reducing compaction and surface crusting, and 
increases water infiltration into the soil. 

Recall that  drained topsoil is  45% minerals, 25% air, 25% water, and 5% Organic Matter.   
Of that 5% OM, 10% is the living .biomass which continues to decompose available material, 15% are organic 
material which continues to decompose and  75% is humus. Humus is organic material that has been converted by 
microorganisms to a resistant state of decomposition. 

Organic matter is stable in the soil. It has been decomposed until it is resistant to further decomposition. Usually, 
only about 5 percent of it mineralizes yearly.. It is the stable organic matter that is analyzed in soil tests.

Note: Organic material is anything that was alive and is now in or on the soil. Organic material is unstable in the soil, 
changing form and mass readily as it decomposes. As much as 90 percent of it disappears quickly because of 
decomposition. For it to become organic matter, it must be mostly decomposed. 

https://www.noble.org/news/publications/ag-news-and-views/2001/august/what-does-organic-matter-do-in-soil/
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Organic Matter Decomposers: 
Bacteria are the most abundant cells in soil, and do most of the work decomposing material, creating heat as part of 
the process. They secrete enzymes which break down molecules such as sugars and starches into basic chemical 
components like carbon and nitrogen which then are used either to feed other organisms or released into the soil for 
plant uptake. 

Fungi also decompose organic material. Most plants (except for example those in the Brassica family) form a 
symbiotic relationship with certain fungi which helps absorb water and nutrients.   

Bacteria, fungi and actinomycetes (fungi-like stringy bacteria) are the microorganisms that do most of the 
decomposition. They also change the chemistry of organic waste. 

Macroorganisms join in to physically break materials into smaller pieces. There are shredder and grazer macro 
organisms such as protozoa and nematodes as well as invertebrate predators such as sow bugs & earthworms which 
eat the decomposers & shredders. All this decomposing activity (especially of the microorganisms) is what makes the 
compost heat up. 
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Organic Matter

The top half of this slide is what has been explained so far. The bottom half is what we are about to explain. 

These notes define a few more technical terms for soil water management, 
Soil acts as a sponge to take up and retain water. Movement of water into soil is called infiltration. Pore space in soil 
is the conduit that allows water to infiltrate and percolate. It also serves as the storage compartment for water.
Infiltration rates can be near zero for very clayey and compacted soils, or more than 10 inches per hour for sandy and 
well aggregated soils. Low infiltration rates lead to ponding on nearly level ground and runoff on sloping ground. 
Organic matter, especially crop residue and decaying roots, promotes aggregation so that larger soil pores develop, 
allowing water to infiltrate more readily.

Also, soil is key
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Image from https://www.extension.umn.edu/agriculture/soils/soil-properties/soil-management-series/introduction-
to-soil-management/

The Science of Soil and Nutrients

Water storage in soil is important for plant growth. But air is needed too. And both need to be balanced over time. 

Water is stored in soil pores and in Organic Matter. If soil is saturated it has too much water, and there is no room left 
for air. Standing water will cause roots to rot. The soil conditions called “capacity” has the proper balance of water 
and air that plants need. Soil with little or no water (thus only air) is at the “wilting point”. 

Plants’ root systems are amazing and complicated. In a few slides, we’ll look at how they work. For now, suffice it to 
say that roots manage water very effectively, taking it up if needed, and pushing it away it it’s not needed. And as 
they manage water, they also manage the nutrients which are in the water (more precisely called a soil solution). 
Roots take up the nutrients they need and push out those they don’t. 
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Plant nutrition refers to the needs of the plant and how a plant uses the basic chemical elements. 

An atom is the basic unit of matter and is composed of an equal amount of three components: protons, neutrons, 
and electrons. Protons have a positive electrical charge, neutrons are neutral, and electrons have a negative charge.
Each of the elements in the periodic table is an atom. The number of each element indicates the number of electrons 
it has.  Elements comprised of atoms having positive charges are the metals: alkali earth, and transition metals.

Hydrogen, Carbon, Nitrogen and Oxygen are some of the simplest atoms. 

Hydrogen atoms, and all metals have a net positive charge and seek out electrons to balance that net positive charge.
Clay and humus have a negative charge. They attract elements with positive charges and combine with them to form 
molecules which become available in the soil solution.

Soil organic matter stores a huge amount of atmospheric carbon. Carbon, in the form of carbon dioxide (CO2), is a 
greenhouse gas associated with global warming. By increasing soil organic matter, more carbon can be stored in soils, 
reducing the global warming potential.

Plants do not get their nitrogen directly from the air. Although nitrogen is the most abundant element in the air, 
every nitrogen atom in the air is triple-bonded to another nitrogen atom to form molecular nitrogen. This triple bond 
is very strong and very hard to break. 
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https://content.ces.ncsu.edu/extension-gardener-handbook/1-soils-and-plant-nutrients#section_heading_7236

To complete their life cycle, plants need 17 essential nutrients, each in varying amounts. Of these nutrients, three are 
found in air and water: carbon (C), hydrogen (H), and oxygen (O). Combined, C, H, and O account for about 94% of a 
plant’s weight. The other 6% of a plant’s weight includes the remaining 14 nutrients, all of which must come from the 
soil. Of these, nitrogen (N), phosphorus (P), and potassium (K), the primary macronutrients, are the most needed. 
Magnesium (Mg), calcium (Ca), and sulfur (S), the secondary macronutrients, are next in the amount needed. The 
eight other elements—boron, chlorine, copper, iron, manganese, molybdenum, nickel, and zinc—are 
called micronutrients because they are needed in much smaller amounts than the macronutrients.

http://smallfarms.cornell.edu/plan-your-farm/accessing-evaluating-land/evaluating-land-tutorial/know-your-soils/soil-nutrients/

Macronutrients and their use in plants:
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Cation Exchange Capacity
Soils can be thought of as storehouses for plant nutrients. Many nutrients, such as calcium and magnesium, may be 
supplied to plants solely from reserves held in the soil. 

The relative ability of soils to store one particular group of nutrients, the cations, is referred to as cation exchange 
capacity or CEC. The total number of cations a soil can hold--or its total negative charge--is the soil's cation exchange 
capacity. The higher the CEC, the higher the negative charge and the more cations that can be held.

Both the clay and organic matter particles in soil have a net negative charge. These negatively-charged soil particles 
will attract and hold positively-charged particles, much like the opposite poles of a magnet attract each other. By the 
same token, they will repel other negatively-charged particles, as like poles of a magnet repel each other.

Nutrients are only held on the surface with a weak, static electrical charge, i.e. they are "adsorbed".  Plant roots and 
soil microorganisms give off Hydrogen (H+) ions, and when these H+ ions are in high enough concentration in the soil 
solution, they will fill the exchange site, neutralize the (- ) charge, and free the nutrient into the soil solution which 
then can be taken up by the plant or microorganism.

https://www.extension.purdue.edu/extmedia/AY/AY-238.html
http://www.soilminerals.com/Cation_Exchange_Simplified.htm
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When nutrients are available in the soil solution, they’re ready to be taken up by the plant roots. This is a complicated 
process, best described at: http://www.cropnutrition.com/how-vegetable-plant-roots-absorb-nutrients

Plant roots absorb nutrients through two distinctly different sequential processes. First, the nutrients must move 
from the soil to the surface of the plant roots. 

Plants transpire water from their leaves, creating suction on the water at the root surface that draws the nutritious 
surface soil solution toward the plant roots. This process of mass flow caused by leaf transpiration explains how most 
plant nutrients (98 percent) move from the soil to the root surface. 

Second, the nutrients must be able to cross from the outside to the inside of the plant roots. Once the nutrient gets 
inside the plant, the nutrients can move upward to the leaves and developing fruit or vegetable. This process is even 
more complicated, and depends on a part of the root called a casparian strip which both protects the plant (e.g. from 
soil pathogens  which could cause disease) and lets in nutrients.   

You can think of soil as a ventilation system: leaves absorb CO2 through photosynthesis and give off oxygen. Roots 
need oxygen and give off CO2. 
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There is one more factor which affects plant’s uptake of nutrients. It is called the pH of soil. 

Soil solution is the liquid component of soil. It is composed of water and dissolved materials e.g. plant nutrients.  

pH is the probability of Hydrogen (H+) in a soil solution

pH is a logarithmic scale of 0 to 14. Logarithmic means that changes by one unit are really changes in concentration 
of 10x. So a measurement of a pH of 6  is 10 times more alkaline than a pH of 5.  

Image  from https://sites.psu.edu/blanchardcivicissues/2017/03/23/ocean-acidification/

mature compost generally has a pH between 6 and 8.
Most crops prefer to grow in slightly acidic soil, between 6.2-6.8,
Blueberries (and their relatives) prefer a pH 4.5-5.5 
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Image http://msue.anr.msu.edu/news/more_reasons_for_soil_testing

The degree of acidity or alkalinity of a soil will determine whether nutrients may be absorbed by plants from the soil.

For instance, as soil becomes increasingly acidic (pH of 5.5 and below), the nutrients phosphorus, potassium, and 
others become tightly bound to the soil and are not absorbed by plant roots. 

Most plants grow best in soils with a pH of 6.0 or 6.5 to 7.4.

Many needled evergreens such as pine, spruce and fir will tolerate a slightly acidic soil pH of 5.5 to 6.0. Broadleaved 
evergreens and acid-loving plants such as rhododendron, azalea, mountain laurel, heath, heather and blueberry 
prefer a pH range of 4.5-6.0. 

Note: pH is soil is raised by adding lime. It is lowered by adding sulphur. It is more difficult (and takes longer time) to 
lower pH than to raise it. 
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Summary of nutrients in soils. . 
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Summary of the value of organic matter in soil.
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Sustainable gardening : These are more examples of good practices for sustainable gardening. Ask for examples from 
the audience or share examples of your own.

We’ve already talked about the value of composting – ask the audience if they compost – and if they compost well. 

Building soil health will discussed shortly, but avoiding damage to soil is just as important. 

Similarly – choosing your plants wisely will promote biodiversity. And especially with vegetable gardens, choosing 
varieties wisely will improve your crop quality, quantity and food choices. Native ornamental plants, trees and shrubs 
will attract more native pollinators and more birds to eat undesired pests.   

Consider the environment when you make decisions especially when ordering things online.  
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Sustainable: The ability to carry on an activity indefinitely with minimal impact on the environment. 
California Gardening, http://cagardenweb.ucdavis.edu

“Sustainable” means to perpetuate existence as well as to provide sustenance and nourishment

Fertilizer vs. nutrients 

Toward Sustainability Foundation - managed landscapes including gardens and green spaces.
Develop, evaluate, strengthen, and disseminate knowledge about organic and sustainable farming, gardening and 
landscapes
Improve and expand organic and sustainability systems knowledge and information through educator enrichment 
within the Cornell Cooperative Extension (CCE) and Master Gardener Volunteer and youth development networks,

U. Delware A sustainable landscape is a stable and productive ecosystem that conserves the physical and
biological processes occurring on that landscape. Designed and managed sustainable landscapes
maintain hydrological function, plant and animal diversity and biomass, soil integrity, and
contribute to human wellness.
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Campus experts and CCE educators participated in identifying key resources listed here.  

Other useful sources include: 
University of California Master Gardener Program: The California Garden Web 
University of Nebraska: Five Sustainable Gardening Tips 
National Wildlife Federation’s Garden for Wildlife, Sustainability 
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