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A Soil Food Web Glossary

Arthropods Invertebrate animals with jointed legs. They include insects,
crustaceans, sowbugs, arachnids (spiders), and others.

Bacteria Microscopic, single-celled organisms that are mostly non-
photosynthetic. They include the photosynthetic cyanobacteria
(formerly called blue-green algae) and actinomycetes (filamentous
bacteria that give healthy soil its characteristic smell).

Fungi Multi-celled, non-photosynthetic organisms that are neither plants
nor animals. Fungal cells form leng chains called hyphae and may
form fruiting bodies such as mold or mushrooms to disperse spores,
Some fungi, such as yeast, are single-celled.

Saprophytic fungi: Fungi that decompose dead organic matter.

Mycorrhizal fungi: Fungi that form associations with plant roots.
These fungi get energy from the plant and help supply nutrients to
the plant.

Grazers Organisms, such as protozoa, nematades, and microarthropods, that
feed on bacteria and fungi.

Microbes An imprecise term referring to any microscopic organism. Generally,
“microbes” includes bacteria, fungi, and sometimes protozoa.

Mutualists Two organisms living in an association that is beneficial to both, such
as the association of roots with mycorrhizal fungi or with nitrogen-
fixing bacteria.

Nematodes Tiny, usually microscopic, unsegmented worms. Most live free in the
soil. Some are parasites of animals or plants.

Protozoa Tiny, single-celled animals, including amoebas, ciliates, and flagellates.

Trophic levels Levels of the food chain. The first trophic level includes
photosynthesizers that get energy from the sun. Organisms that
eat photosynthesizers make up the second trophic level. Third
trophic level organisms eat those in the second level, and so on. It
is a simplified way of thinking about the food web. In reality, some
organisms eat members of several trophic levels.



Functions of Soil Organisms

Type of Soil Organism

Major Functions

Photosynthesizers ePlants

Capture energy

eAlgae o Use solar energy to fix CO,.
e Bacteria o Add organic matter to soil (biomass such as dead cells, plant litter, and secondary metabolites).
Decomposers o Bacteria Break down residue
eFungi e [mmobilize (retain) nutrients in their biomass.
o Create new organic compounds (cell constituents, waste products) that are sources of energy and
nutrients for other organisms.
© Produce compounds that help bind soil into aggregates.
e Bind soil aggregates with fungal hyphae.
e Nitrifying and denitrifying bacteria convert forms of nitrogen.
e Compete with or inhibit disease-causing organisms.
Mutualists e Bacteria Enhance plant growth
eFungi e Protect plant roots from disease-causing organisms.
© Some bacteria fix N,.
e Some fungi form mycorrhizal associations with roots and deliver nutrients (such as P) and water to
the plant.
Pathogens o Bacteria Promote disease
e Fungi e Consume roots and other plant parts, causing disease.
Parasites o Nematodes ° Parasitize nematodes or insects, including disease-causing organisms.
Microarthropods
Root-feeders * Nematodes Consume plant roots
*Macroarthropods = Potentially cause significant crop yield losses.

(e.g., cutworm, weevil
larvae, & symphylans)

Bacterial-feeders e Protozoa
e Nematodes

Graze

e Release plant available nitrogen (NH,*) and other nutrients when feeding on bacteria.
e Control many root-feeding or disease-causing pests.

o Stimulate and control the activity of bacterial populations.

Fungal-feeders  eNematodes
e Microarthropods

Graze

o Release plant available nitrogen (NH,+) and other nutrients when feeding on fungi.
e Control many root-feeding or disease-causing pests.

o Stimulate and control the activity of fungal populations.

Shredders e Earthworms Break down residue and enhance soil structure
eMacroarthropods o Shred plant litter as they feed on bacteria and fungi.
e Provide habitat for bacteria in their guts and fecal pellets.
e Enhance soil structure as they produce fecal pellets and burrow through soil.
Higher-level e Nematode-feeding Control populations
predators nematodes e Control the populations of lower trophic-level predators.
eLarger arthropods, e Larger organisms improve soil structure by burrowing and by passing soil through their guts.

mice, voles, shrews,
birds, other above-
ground animals

e Larger organisms carry smaller organisms long distances.
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Sustainable gardens actively maintain their soil fertility by being good land stewards.  The following slides will outline homeowner strategies.

Image credit:  Philip Hawkins


"Strategy: Support a Healthy Soil
Food Web
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What is a soil food web and how does it benefit my garden?
The soil food web is the key to fertile soil. This diverse community of organisms is grouped together based on their roles. Plants are the producers—they use the sun’s energy to convert water and carbon dioxide into plant material via photosynthesis. The primary consumers or decomposers, mainly fungi and bacteria, are capable of digesting fallen leaves and other organic matter. Secondary consumers feed on them, then release nutrients that can be absorbed directly by plants, as well as undigested remains that become part of the soil organic matter. Higher level consumers feed on the secondary consumers. Their fecal pellets become part of the soil organic matter and they also release nutrients that spur plant growth.

Note: earthworms are good for home gardens but are not native to north american ecosystems and can be detrimental to forest ecosystems

Image credit:  Landscape for Life
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Soil Biology

The creatures living in the soil are critical to soil health. They affect soil structure and therefore soil erosion and
water availability. They can protect crops from pests and diseases. They are central to decomposition and
nutrient cycling and therefore affect plant growth and amounts of pollutants in the environment. Finally, the soil
is home to a large proportion of the world's genetic diversity.

Soil Biology Primer

The online Soil Biology Primer is an introduction to the living component of soil and how o '

it contributes to agricultural productivity and air and water quality. The Primer includes [kl Ep' Pt
chapters describing the soil food web and tts relationship to soil health and chapters
about soil bacteria, fungi, pr T , arthropods, and earthworms.

The online Primer includes all of the text of the printed original, but not all of the images
of the soil organisms. The full story of the soil food web is more easily understood with
the help of the illustrations in the printed version. Printed copies of the Soil Biology

Primer may be purchased from the Soil and Water Conservation Society www.SwWcs.0rq of

=> Copyright restrictions: Many photographs in the online Soil Biology Primer cannot be used on other Web
sites or for other purposes without explicit permission from the copyright owners. Please contact the Soil and
Water Conservation Society at pubs@swcs.org for assistance with copyrighted (credited) images tagged
throughout the online Primer.

== The text, graphs, tables, non-credited photos, and graphics from USDA sources may be used freely;
however, please credit the Soil Biology Primer or this Web site.
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Ankegi 1A: Soil and Water Conservation Souﬁ'
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How to Protect and Encourage a Healthy

Soil Food Web

e Limit soil disturbance.

* Restore overly compacted soils.

* Regularly apply compost or organic mulch.

* Avoid pesticide use that may harm soil biota.

* Plant a diverse garden.

° Grasscycle: Use a lawn mower that returns mulched lawn clippings to the soil.

* Allow plant materials to decompose in the garden.
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How to encourage a diverse community of soil organisms
Air, water and organic matter within the soil support soil organisms, which in turn assist with healthy plant growth, nutrient cycling, pollutant removal and improved soil structure.  The diversity and abundance of soil organisms is directly related to the organic matter content of the soil.  Soil organisms require air and regular inputs of organic matter.  Strategies for protecting and encouraging soil organisms include:
Limit soil disturbance and tillage
Restore overly compacted soils to allow air and water movement 
Avoid bare soil.  Cover soils with plants or mulch.  Regularly apply layers of compost or organic mulch such as tree leaves or bark to the top of the soil.
Avoid pesticide use that may harm soil biota
Plant a diverse garden to provide a variety of food sources
Grasscycle, use a lawn mower that returns mulched lawn clippings to the soil.
Allow leaves and other plant materials to decompose throughout the garden.


Strategy: Convert Greenwaste into

Compost

Rex 7Tk

Brown leaves

Kitchen scraps

Straw

Grass clippings

Brown leaves
Green leaves
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Convert greenwaste into compost 
The same natural recycling that happens every day in nature is also at work in a compost pile. Called decomposition, it can take years in nature. But when you compost, you give fungi, bacteria, and nature’s other decomposers everything they need to recycle much faster. A one inch-thick topdressing of compost on planting beds is generally all that is needed to keep soils healthy and provide plants with a balanced source of nutrients.  And composting keeps valuable organic materials out of landfills. 

How to build a compost pile
Locate compost piles in a well-drained spot that is shaded from the hot afternoon sun. 
Purchase or build a compost bin to keep the organic material in and wildlife out. The bin should be about 4 feet in diameter and 3 feet high. 
Nature’s recyclers need a balanced diet of carbon (C) and nitrogen (N). Fill the bin with alternating layers of high-carbon “brown” materials, such as leaves, newspaper, and chipped woody trimmings, and nitrogen-rich “green” materials, such as grass clippings and other green garden trimmings and kitchen scraps. This will provide the C:N ration of 30:1 that will conserve the most nitrogen and carbon in the finished compost. 
Nature’s recyclers also need air and moisture. Turn the pile with a garden fork as often as necessary to keep the materials damp to the touch, like a wrung-out sponge. If they’re wet, turn the pile to increase aeration. However, too much air will dry out the pile and slow decomposition. If it feels dry, add water as you turn over the pile.
Maximize airflow by shredding materials before adding them to the bin, and by building the compost pile on a foundation of wood chips or other coarse organic material. 
  It’s a good idea to have two compost piles—a full pile that is “finishing” and another for adding new material. 
  Finished compost is dark in color and smells earthy, like soil. Usually, it’s difficult to recognize any of the original ingredients. But there’s no single point at which compost is finished—it depends on how you want to use it. For most garden applications, it’s fine to use compost that still has a few recognizable bits of leaves or twigs, which will finish rotting in the soil. If gardeners plan to use compost in seed-starting mixes, it is better to use highly finished compost.

Image credit:  Landscape for Life
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Composting is easy.  A variety of bins can be purchased or made from scrap materials such as these two examples.

Image credits:  Wikimedia commons
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e Drill holes.

e Add bedding material.

e Add earthworms.
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e Add food waste.
e Cover bin.

e Harvest.
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Vermicomposting – composting with worms
Vermicomposting, or composting with earthworms, is an excellent way to turn food scraps into a garden resource in an apartment building or other landscape setting where space is limited.  The most common types of earthworms used for vermicomposting are redworms or “red wigglers” – not to be confused with the common earthworm (Allolobophora caliginosa and other species) found in garden soil.  Worms for vermicomposting can be purchased from on-line vendors or garden stores.  Redworms break down food waste and other organic residues into nutrient-rich compost, which commonly has nutrient levels higher than traditional garden compost.  It is estimated that two pounds of earthworms can recycle one pound of food waste in a 24-hour period.  When finished, vermicompost has a rich, earthy smell and can be mixed with potting soils or directly used in the landscape to benefit the lawn or garden.  Gardeners should take care to contain worms that are not native to the area.  Like other non-native species, worms can cause damage when introduced to new environments, so do not release in to forests or natural areas. 

How to make vermicompost
1.  Make a worm bin - A variety of untreated wood or plastic containers can be used to make a worm bin.  When using recycled containers, precautions should be taken to ensure it is clean and 
has never stored pesticides or other toxic materials.  It is recommended that the bins be opaque and no more than 8 to 12 inches deep. The appropriate size of the bin depends on the amount of food waste generated.  On average, two people produce approximately 4 lbs of food waste each week.  As a general rule of thumb, approximately one square foot of surface area is required per pound of waste.
 
2.  Drill holes - Drill air and drainage holes approximately ¼ to ½ inch in the sides and bottom of the bin.  Slightly raise the bin with bricks or blocks and provide a tray to catch excess water, which can be used as a liquid fertilizer.  
 
3. Add bedding material – Bedding serves as both habitat and food for the worms.  A variety of materials such as shredded non-glossy newspapers or cardboard, leaves, aged straw, or hay can be used. Approximately two pounds (dry weight) of bedding material is needed for each square foot of bin.  Two handfuls of soil or sand will supply the worms with roughage.  Bedding materials should be moistened to the point where it is wet but not dripping and spread evenly across the bin.  Because the worms eat the bedding, additional materials will need to be added periodically with food waste.
  
4. Add worms on top of the bedding.  Exposing the worms to light will encourage them to bury themselves in the bedding.  
 
5. Add food waste – Earthworms eat all kinds of food and yard waste including coffee grounds, tea bags, vegetables and fruit scraps and pulverized egg shells.  Similar to compost, citrus should be added sparingly and bones, dairy products and meats should be avoided. Bury food scraps every couple days in different areas of the bin.  Worms can be fed as seldom as once a week.
 
6. Cover bin - Cover the bin to conserve moisture and exclude sunlight. Outdoor bins should be protected from freezing weather, extreme heat and rain.
 
7. Harvest –  After about 6 weeks you will begin to see worm castings.  The average bin will need emptying every 3 to 4 months.  Worm castings can be gathered by placing small piles of the compost in the sun. After several minutes, the worms will wiggle to the bottom of the pile to avoid the sunlight and you can then harvest the compost from the top of the pile sifting out large particles.  Complete this process until all of the compost is gathered.  Other options including sifting the materials through a small screen to separate the compost and worms.


Image credit:  Wikimedia commons
Image description:  worms being placed in vermicomposting bin
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Sustainable gardens actively maintain their soil fertility by being good land stewards.  The following slides will outline homeowner strategies.

Image credit:  Philip Hawkins


Strategy: Use Local-made, Natural Mulches

Use local-made mulich.

Conserves water.

Suppresses weeds.

Insulates roots.
Prevents compaction.
Prevents erosion.

Adds organic matter.
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When mulch is applied to a landscape, one of nature’s fundamental processes is being mimicked. Many plant communities naturally generate healthy layers of organic litter. Consider what happens in a deciduous forest, one of nature’s champion mulchers. The leaves shed in autumn are transformed by the soil’s natural food web into plant food and the rich organic matter called humus that is the key to maintaining healthy soil. The blanket of organic matter protects plants from extremes of temperature, limits soil erosion, and conserves soil moisture that otherwise would evaporate. Mulching provides a garden with these same benefits and more. 
Conserves water by shading the soil and reducing evaporation
Insulates roots by moderating soil temperatures
Cushions the impact of downpours and helps prevent soil compaction, allowing water to penetrate and plant roots to breathe. 
Over time, organic mulches decompose and add nutrients and organic matter to the soil, improving water retention and nurturing the soil fauna that promote fertility. 
By creating the conditions that help them thrive, mulch makes plants less vulnerable to pests and diseases. 
Suppresses weeds and keeps the soil loose, reducing the need for regular cultivation. 

Inorganic mulches, such as crushed stone and recycled rubber chips, are appropriate for rock gardens, driveways, and paths. In most climates and situations, however, organic mulches are preferable for planting beds because they eventually break down and enrich the soil. 

Bagged mulches are commercially available, but you can save money and reduce the carbon footprint of the landscape by mulching fallen leaves and other organic materials from the property. Recycling them in the yard also keeps them out of the local landfill. 

Image credit:  Wikimedia commons
Image description: leaves and branches chopped into mulch
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Organic mulch types

Leaves   -Leaves make a great mulch, and they’re also free. Apply a layer 2 to 3 inches thick. Partially shredded leaves are less likely to mat and shed water than whole leaves, homeowners can run leaves through a shredder or pass the lawn mower over them a few times before mulching to produce a better mulch. Composting leaves with a lot of cellulose that are very slow to break down, such as oak leaves, with some grass clippings for a week or two will improve the mulch. 
Bark   - Bark mulches should be applied 3 to 4 inches deep. Because they’re a recycled byproduct of the lumber industry, they’re preferable to wood chips, which may be made from trees felled solely for the manufacture of mulch. Look for products expressly labeled “bark mulch,” not just wood or hardwood mulch. 
Wood chips   - When obtained from local arborists who create them from their daily prunings, wood chips are a good choice and may even be available for free. Three to 4 inches is the proper application depth. There is some evidence that freshly chipped wood can rob nitrogen from soil.  Homeowners should compost them first, or let them “season” in a pile for a few weeks, especially if the wood chips will be used in a vegetable garden. 
Pine needles   - Pine needles are light and fluffy and don’t get compacted, so water penetrates easily. Apply a layer 4 to 6 inches thick. Because they tend to lower soil pH, they’re best used around acid-loving plants. 
Nutshells   - If nutshells are an agricultural byproduct in the area, they are a good choice. Apply them about 2 inches deep. Shells tend to look a bit more formal than other mulches. Beware of cocoa hulls, a by-product of chocolate processing, which contain compounds toxic to dogs. 
Straw   - Applied 6 to 8 inches deep, straw is an effective mulch, but be sure you get straw and not hay, which can be full of weed seeds. Straw isn’t very attractive in perennial planting beds but looks appropriate in the vegetable garden. 
Compost   - Topdressing planting beds annually with an inch of compost will provide most plants with a balanced source of nutrients. 

Image sources:  Wikimedia commons  
Image description:  1) leaves  2) wood chips  3) pine needles


How to Apply Mulch

* Remove all weeds.

e Spread about 3 inches deep.

e Pull back from plant base.
e Avoid mulching seedlings.

* Reapply as needed.
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How To Apply Mulch

Most mulches should be about 3 inches deep for best results.  The optimum mulch depth also depends on the soil type. Sandy soil, which loses moisture rapidly, benefits from a thicker mulch than clay soil, which tends to retain water. 
Before applying mulch, pull any existing weeds or smother them with a layer of newspaper, then water well. 
To avoid diseases, pull the mulch back an inch or two from the base of plants. 
The best time to spread mulch around heat-loving vegetables like peppers and tomatoes is after the soil has warmed, usually mid- or late spring. Cabbages, greens, and other cool-weather crops can be mulched earlier. Mulches around shrubs and perennials will offer the best protection against winter cold if laid down in early winter, when the soil has cooled but not frozen hard.  Recycled holiday trees and trimmings are great for this purpose. Mulch can be applied anytime in herbaceous perennial beds and around trees and shrubs.
Don’t mulch seedlings planted in very moist soils because excessive wetness is an invitation for damping-off, an often fatal fungal disease. Once seedlings are established, it’s safe to mulch.
Because organic mulches eventually break down and become part of the soil, they need to be renewed every two or three years, depending on the climate and the type of mulch used.

Image credit:  Heather Venhaus
Image description:  pecan hull mulch in a native garden at the Lady Bird Johnson Wildflower Center
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Use Green Manure Cover Crops

Strategy



Presenter
Presentation Notes
Overview:

Maintain Healthy soil:  Strategy Use green manure cover crops
Plant “green manure” cover crops
Growing “green manures”—grains and legumes used as cover crops—is a good way to increase the amount of organic matter and nutrients in soil. Cover crops reduce the need for fertilizer. They also help aerate the soil, increase its capacity to conserve moisture, and protect it from being pounded down and compacted by raindrops and eroded away by water or wind. They also help suppress weeds. Grains such as wheat and oats are especially good at increasing soil organic matter. In addition to adding organic matter, leguminous cover crops, like alfalfa, clovers, or cow peas, which contain nitrogen-fixing bacteria in their root nodules, remove nitrogen from the atmosphere and make it available in soil. 
 
Growing Tips 
•  Most gardeners use green manures to cover bare vegetable beds in winter. 
•  For multiple benefits, grow grains and legumes together. 
•  To get them off to a good start, plant winter cover crops at least 4 weeks before the expected first hard frost date in your area. 
•  Plant cover crops with large seeds, like peas, in shallow, closely spaced furrows. Broadcast those with small seeds, then rake lightly to cover. 
•  If the weather is dry, water to keep the soil lightly moist until the young cover crop is established. 
•  Till cover crops into the soil in spring, just before flowering, or about 3 weeks before planting to give the organic matter time to start breaking down. 
•  Avoid cover crops that are invasive in your region

Image credit:  Wikimedia commons
Image description:  green manure cover crops being used in a vineyard to control weeds and improve soil fertility



Appropriate Fertilizer Use

Conduct a soil test first.
Use only when needed.

Choose renewable, natural
fertilizers.

Select single nutrient fertilizers.



Presenter
Presentation Notes
Overview:

Appropriate fertilizer use
The goal of applying fertilizer is to supply just enough to supply the needs of the plant. Too much fertilizer can run off into nearby waters, leach into groundwater, or lead to weed problems. A plants’ health should be the guide. If plants suffer from a lack of vigor, retarded growth, sparse foliage, or leaf discoloration, they may be nutrient deficient, although improper drainage or inadequate aeration are more likely the cause.   Compost and organic matter are great sources of nutrients.
 
What To Do 
•  Test soil to determine whether there really is a nutrient deficiency. Contact land grant universities, extension agents, or master gardener programs.
•  If supplemental nutrients are necessary, choose a renewable natural fertilizer, preferably produced locally, over synthetic (petrochemical-based) fertilizer or mined products like rock phosphate. Synthetic fertilizers require much more energy to produce than natural options such as blood meal, bonemeal, fish meal or emulsion, and kelp meal. 
•  Whenever appropriate, use single-nutrient fertilizers instead of so-called complete fertilizers that contain nitrogen, phosphorus, and potassium. For example, if soil is low in nitrogen but not in phosphorus and potassium, use blood meal, fish emulsion, or other high-nitrogen natural fertilizer. Better yet, grow green manure. 

Image credit:  Microsoft images
  



Appropriate Fertilizer Use

Add only the amount
recommended.

Apply only to the soil.

Avoid areas near streams or

drainage ways.
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What To Do 
•  Add only the amount of fertilizer recommended in the soil test, no more. Follow the guidelines on the fertilizer label. 
•  Avoid contributing to water pollution by applying fertilizer only to the soil, not paved areas, and sweep stray particles into the planting bed.  Do not use fertilizer near streams or drainage ways.

Image credit:  Microsoft images
  



STAY CONNECTED!

Email:
Ipoland@exchangenet.net

kpainter@uidaho.edu

Universityofldaho BLOGS WITH CLASS
Extension MATERIALS:

BoundaryGardenBlog.Wordpress.com

BoundaryAgBlog.Wordpress.com



https://boundarygardenblog.wordpress.com/
https://boundarygardenblog.wordpress.com/
mailto:kpainter@uidaho.edu
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