Course:
01.464 Nursery/Turf Production and Management

Unit 6:
Managing Nursery Soils and Fertility
Lesson 2:
Prepare Compost

GPS:
AG-NL-5-B, CTAE-FS-1, CTAE-FS-2, CTAE-FS-4, CTAE-FS-8
Objectives: 

1.
Explain basic principles of composting.

2.
Identify essential ingredients of compost.

3.
Design a compost tumbler.

4.
Practice compost methods.

Teaching Time:
Classroom: 100 minutes      

Laboratory: 100 minutes
References:
Internet Address - http://nsccux.sccd.ctc.edu/-spencer
Composting and Mulching: A Guide to Managing Organic Landscape Refuse.  Cooperative Extension Service.  University of Georgia.  Athens, GA.  

Materials and Equipment:

Wheelbarrow

Shovel

Manure fork

55-gallon drum

Overhead projector

Transparencies/handouts 6.2.1 - 6.2.4
Brown, coarse material (hay, leaves, straw)

Green Material (grass)
Teaching Procedure
Introduction and Mental Set

Statement of problem:

By composting, dead leaves, weeds, and other organic materials, they can be converted into a valuable soil additive.  We have a large number of leaves and grass clippings which need to be disposed of or recycled.  At the end of this unit we will be able to properly construct and monitor a compost pile.

Discussion

Note: Teacher review transparency 6.2.2 prior to teaching this lesson.
1.
What is compost?

A pile of organic materials deliberately assembled for fast decomposition.

2.
What creatures aid in decomposition?

A.
Bacteria

B.
Fungi

C.
Worms

3.
What four elements are needed for efficient decomposition?

A.
Greens

B.
Browns

C.
Moisture

D.
Air

4.
What are the benefits of compost to soil?  Display and discuss transparency 6.2.1.

5.
What variables are involved in managing a compost pile?
A.
Particle size of material

· Smaller particles more surface area

· Chopping large enough rough materials such as woody stalks speeds process

B.
Size of pile

· Volume 3-4 cubic feet minimum

· Five feet high by five feet wide by any length maximum

C.
Self-insulating can reach temperature 140-160F, sustained for 10-14 days

D.
Turning the compost pile speeds up the process and produces better end products

· Oxygen is reintroduced into the pile

· Brown and green materials are remixed

· Outside materials are put into the pile

· Opportunity to troubleshoot problems

· Turn 3-4 weeks after initial construction

-
Strategically locate compost pile to facilitate maintenance within reach of water hose

-
Space for stocking ingredients

-
To moderate internal temperatures, locate under deciduous trees, shade in summer, sun in winter

-
Locate on ground level

6.
How can air be added into a compost pile?
A.
Best decomposers are aerobic (oxygen requiring)

B.
Management methods

C.
Add bulky materials on bottom of pile

D.
When using wet, fine-textured materials, layers with bulky materials to avoid compaction

E.
Turn pile

7.
What is the ideal percentage of moisture for a compost pile?
A compost pile should ideally be 40-6-% moisture or as Amoist as a wrung out sponge.@
8.
Identify the essential ingredients of compost.  Teacher review transparency 6.2.3 prior to teaching this lesson.

9.
Efficient decomposition is secured by a balance of what four basic elements?  Display and discuss transparency 6.2.1.  A compost pile needs a good balance of the basic four:

A.
Greens

· Nitrogen materials

-
Grass clippings

-
Vegetables

-
Trimmings

-
Green weeds

B.
Browns

· Carbon materials

-
Fallen leaves

-
Straw

-
Sawdust

C.
Moisture

· Proper content

D.
Air

· Ample oxygen for the decomposer organisms

10.
Design a compost tumbler.  Teacher distribute handout 6.2.3.

A.
55-gallon barrel with a secure lid

B.
Drill 6-9 rows with one-half inch holes over the length of the barrel to allow air circulation and drainage of excess moisture

C.
Place the barrel upright on blocks

D.
Fill two-thirds full of organic waste material and one-fourth cup of nitrogen fertilizer

E.
Apply water until mixture is moist

F.
Roll around yard to aerate compost

G.
Completer in 2-4 months

11.
Practice compost methods.  Teacher distribute handout 6.2.3   Students should construct a composting structure and develop compost.

Summary

Composting allows us to recycle organic materials into a valuable soil additive.

Evaluation
Written test

A laboratory grade based upon developing a quality compost pile.

Improvement project for the students= SAE program if applicable

6.2.1

Benefits of Compost to Soil
· Replenish organic matter
· Improve soil structure
· Improve ability to hold water and nutrients
· Improve aeration and drainage
Essential Elements of Compost
greens + browns + moisture + air
A.
Greens

· Nitrogen materials

-

Grass clippings

-

Vegetables

-

Trimmings

-

Green weeds

B.
Browns

· Carbon materials

-


Fallen leaves

-


Straw

-


Sawdust

C.
Moisture

· Proper content

D.
Air

· Ample oxygen for the decomposer organisms

6.2.2
COMPOSTING INFORMATION

http://nsccux.sccd.ctc.edu/~spencer
WHAT IS COMPOST?
All organic material ‑ whether leaves, bones, coffee grounds, or heaps of dead weeds ‑ will eventually rot. However, a random stacking of organic materials won't necessarily result in great compost. Therefore, compost is perhaps best defined as a pile of organic materials deliberately assembled for fast decomposition. As you make a pile, think of yourselves as catering to the creatures of decomposition ‑ the countless bacteria, the fungi, and later, the worms, sowbugs, and other creatures. By deliberately mixing organic materials with an eye to moisture and aeration, you can create the conditions that decomposing creatures love, so they will rapidly render your pile of debris into rich, brown, soil‑building compost. Making Compost is as Simple as: 

GREENS + BROWNS + MOISTURE + AIR
For efficient decomposition, a compost pile needs a good balance of the Basic Four: 

Greens + Browns + Moisture + Air. "Greens" + "Browns" is a simplified reference to balancing the nitrogen materials (grass clippings, vegetable trimmings, green weeds) with the carbon materials (such as fallen leaves, straw, sawdust). "Moisture + Air" reminds us that fast decomposition requires both a good moisture content and ample oxygen for the decomposing organisms in the pile. Other variables that affect the composting process include the size of the compost materials, the volume of the pile, the number of times a pile is turned, and the amount of soil added to the pile. These considerations will be discussed in greater detail on the following pages.

For beginning and experienced composters, this guide contains the following information:

Why compost?  What is compost?  What materials to use for composting and how to judge them?  How to make and maintain a compost pile?  How to use finished compost?  How to troubleshoot your present and future piles?  Various special tips for special situations.

FEEDING THE SOIL TO FEED THE PLANT
While compost is a panacea for all garden soils, poor soils especially will benefit from consistent applications. 

6.2.2
For example, the gardens at my home and others home gardens in Seattle, Washington have very sandy soil that originally leached water and nutrients like a sieve. Years of adding compost to this sandy soil have vastly improved its ability to hold both water and nutrients. Whether your soil is mostly sand, mostly clay, or somewhere in between, composting will help build workable, healthy, garden soil.

Building soil is an essential concept for good organic gardening.  Best summed up by the adage "feed the soil to feed the plant." In adding compost to the soil you are replenishing the reserve of organic matter and nutrients that are taken out with the garden crops. Essential to all soil ecosystems, organic matter is the food for soil organisms. By composting, you are feeding the soil creatures, from the tiniest bacteria to the longest worm, that in turn make nutrients available to your garden plants.

THE BENEFITS OF COMPOST IN THE SOIL
Improves soil structure.  Aids in water retention (important in sandy soils).  Improves aeration and drainage (important in clay soils).  Aids in nutrient retention.  Contains a low level of nutrients slowly released to plants.  Increases the number of microorganisms in the soil.  Increases heat absorption of soil.  Helps neutralize soil pH, acting as a pH "buffer."  Contains micronutrients.  Increases the biological life in the soil.

PARTICLE SIZE OF MATERIAL
The size of organic materials affects how fast they compost.  Materials with smaller particle sizes have more overall surface area exposed for bacteria and other decomposers to munch on.  For this reason, chopping large rough materials (especially woody stalks) will speed the composting process.  A sharp spade can be used to coarsely chop garden weeds and crop residues; a shredder can be used for woody prunings that are thicker than a pencil; and a lawn mower can be used for leaves.  Warning:  If the particle size of all the materials is very small, the layers can compact and become matted

6.2.2
 SIZE OF THE COMPOST PILE
When the conditions are right in a compost pile, it becomes a small ecosystem teeming with decomposer organisms of different sizes and shapes.  To achieve the benefits of hot composting, a pile must have a volume of three feet cubed or greater.  Some sources say that piles should be closer to four feet cubed, but not much larger than five feet tall and five feet wide (and any length).  A large, properly built pile is self‑insulating and can reach temperatures from140 to 160 sustained for ten days to two weeks.  These high temperatures will kill most weed seed and plant pathogens.  Hot composting also yields a high‑quality end product by rapidly reducing organic matter while conserving nutrients in a stable form.  A smaller pile may also heat up, but it won't sustain high temperatures long enough to kill a significant number of weed seeds and pathogens. 

TURNING AND MAINTENANCE
Turning a compost pile speeds the composting process and produces a better end product for several reasons:  (1) Oxygen is reintroduced into the pile;  (2) the brown and green materials are remixed; (3) outside materials are put in the middle of the reconstructed pile, resulting in more thorough decomposition;  (4) as you turn you can troubleshoot any problems and remedy them in the rebuilding process.  With hot composting, it's best to turn the pile about three weeks to one month after initial construction.  At this point, oxygen becomes the limiting factor and the pile cools down.  When turned, the pile can reheat with a new surge of microbial activity. Be sure to try to turn the pile at least once if not more often.

Strategically locating your compost pile will facilitate its construction and maintenance.  Piles should be close to the garden, within reach of a garden hose, and preferably on level ground with space for stockpiling ingredients.  Locate piles under deciduous trees to shade them in the summer when the foliage is thick and to expose them to the warming sun when the tree is bare in the winter.  In warm, dry climates, maintenance should include sprinkling the outside of the piles that sit out in the sun.  General maintenance for piles includes covering them with sheet plastic or a tarp to retain moisture in the summer and to avoid leaching in the winter.

6.2.2

WINTER COMPOSTING
The heat generated by a compost pile is an internal process.  Even in cold winters, the hot composting process can continue at very low levels if a pile is large enough to be self‑insulating.  While bins, tarps, and layers of extra straw can help insulate a pile, the composting process will still slow down in cold winter weather.  The process does not stop completely, however.  Cold‑tolerant bacteria and fungi continue to work away inside the pile, slowly but surely.  For best results, build a large (four feet cubed) pile in the fall, heap on extra straw or leaves, tarp it and, come spring weather, turn it to aerate and reactivate it. 

MAKING A COMPOST PILE
LAYERING GREEN AND BROWN
Beginners can use this general guideline: layer 50% green to 50% brown by volume.  Layers can be 2‑8 inches thick depending on the particle size and moisture of the materials.  (An exception is grass clippings, whose high moisture content and small particle size make them mat and compact; use no more than a 2‑inch layer at a time).  For example, layer 4 inches of brown leaves on top of 4 inches of green weeds, sprinkle generously with water and a little soil, and repeat.  Layering is a good way 

of estimating equal proportions.  Please don't waste any time trying to mathematically calculate the elusive 30:1 carbon‑to‑nitrogen ideal.  Experiment with different combinations of materials and then note what happens.

A large pile with a good balance of brown and green materials should decompose quickly, generate heat, and can give off a very slight odor of ammonia (one form of nitrogen gas).  If a pile doesn't have enough nitrogen, it won't get very hot and won't decompose quickly.  To speed it up, turn the pile and layer in high nitrogen materials.  A pile with too much nitrogen will get very hot and will have a very strong odor of ammonia.  A pile with excess nitrogen can sometimes become anaerobic, generating a "rotten egg" odor, especially if the materials are very wet.  To remedy this problem, turn the pile to aerate it, and layer in some carbon materials as the pile is rebuilt.

6.2.2

HOW WET SHOULD IT BE?
Moisture:  The Wrung‑out Sponge Test 

A compost pile should ideally be 40‑60% moisture or as "most as a wrung‑out sponge."  For best results, water should be layered in as needed with other ingredients as the pile is built.  In warm, dry summers, water is most often the missing ingredient in unsuccessful piles.  Meanwhile, in cool, wet climates, excess moisture can lead to soggy, compacted piles.  Decomposer organisms, from the smallest bacteria to the longest worm, need a consistent supply of moisture for peak efficiency.

Before beginning a pile, consider the moisture level of the different compost materials, as well as the climate and the time of year.  Fresh, young weeds from your irrigated garden can contain 60‑70% moisture ‑ no need to add water to them.  Meanwhile, straw, sawdust, and dry leaves can all be dry enough to merit a good soaking.  Climatic considerations ‑ rainfall, humidity, heat ‑ should also be factored into the watering plan.  In the Pacific Northwest and on the east coast, rainfall may provide adequate moisture to a pile built slowly over time.  A pile built in the summer time will need more water than a pile built in the fall that will sit over the winter for many cold, damp months.

Generally, the easiest way to ensure consistent moisture throughout the pile is to water each brown layer as you go.  Use a hose sprayer or mister for good coverage, taking special care to wet the corners and the edges of the pile.  The hardest way to water a pile is to wait until the pile is finished, and try to soak it from the top, hoping the water will trickle down.  This does not work very well. Build the water in with the other layers.  If you are slowly building a pile over time, remember that much of the moisture can evaporate from the top foot of the pile, so rewet the top of the pile as you build it. 

Too much moisture can result in compaction and a loss of oxygen in the pile.  When oxygen is squished out, anaerobic bacteria come into the scene, generating an unsavory "rotten egg" smell. Very moist materials, such as kitchen scraps, can cause pockets of compaction and anaerobic decomposition if they are layered too thickly.  If a pile seems too wet, turn it to aerate it and add some bulky, dry materials.  In rainy climates, cover piles with tarps to guard against water logging piles and leaching their reserve of nutrients.  Too little moisture can result in piles that will not heat up and will decompose slowly.  Sometimes a pile will have dry pockets where a layer was not 

watered enough.  Always expect that the outside 12 inches of material will be drier and less decomposed than the inside.  If a pile seems dry, turn it, examining it for moisture, and add water as needed to render it moist as a wrung‑out sponge.

6.2.2

AIR: BUILDING IT INTO THE PILE
The best decomposers for composting are aerobic (oxygen‑requiring) plants.  If a pile lacks adequate oxygen ‑ because it is too wet, too dense, or too big ‑ anaerobic bacteria will take over, producing their characteristic "rotten egg" smell.

Air can be "built into" a large pile in the following combination of ways: (1) Be sure to first loosen the soil that will lie under the pile; (2) add bulky materials to the bottom of the pile; (3) if using layers of wet, finely‑textured materials such as grass clippings, layer them with bulky materials to avoid compaction; (4) turn the pile at least once.

Oxygen if often the limiting factor in the later stages of decomposition.  Watch how much a large pile condenses in the first few weeks.  Much of the oxygen in the pile can get used up or compressed out in this initial stage.  As oxygen becomes less available, the microbial activity slows down.  Turning the pile will reintroduce oxygen which can help the pile heat up again.  If a pile becomes compacted due to excess moisture, aerate it by turning it and adding some bulky materials.

BUILDING A LAYER CAKE
(1) Loosen soil under area where pile will be built.  (2) Layer brown materials (2‑8 inches thick) covering at least a 3' x 3' area.  (3) Water as needed to make material "moist as a wrung‑out sponge." (4) Layer green materials (2‑8 inches thick), pulling material out to corners and edges.  (5) Add sprinkling of soil or finished compost. (6) Repeat layers, watering brown layers as needed, and keeping shape cubical until pile is 3‑4 feet tall. (7)  When you are finished put a two-inch layer of brown soil on top.

MATERIALS FOR COMPOSTING
If you have a garden, yard, and a kitchen, you undoubtedly are generating great materials for your compost pile.  Use materials that are readily available; special ingredients, such as manure, are not necessary to make good compost.  The leaves you rake from under your trees, the grass clippings from your lawn, the weeds from your garden, yesterday's oatmeal, and even yesterday's newspaper all can be composted easily.  The list of organic materials that make good compost materials is much longer than the list of things not to compost (see the page entitled "What Not to Compost and Why").

6.2.3
EVALUATING COMPOST MATERIALS
http://nsccux.sccd.ctc.edu/~spencer
BROWNS AND GREENS
Every piece of organic material contains carbon and nitrogen in differing ratios.  Some materials are very high in carbon, such as sawdust and straw.  Others contain a relatively generous amount of nitrogen compared to carbon, such as grass clippings, garden weeds, and chicken manure. Understanding which materials are high in carbon, and which are high in nitrogen will help you build a pile with a good balance of ingredients for decomposition. 

NITROGEN MATERIALS
For gardeners, green weeds, green crop residues, and vegetable trimmings are readily available sources of nitrogen materials.  Young, green plants are very high in nitrogen.  To capture the most nitrogen for your compost pile, pull out finished crop plants and weeds while they are still green. Cover green materials with a tarp to retain their moisture and nitrogen until you are ready to build a pile.

CARBON MATERIALS
Brown materials, those with high carbon‑to‑nitrogen ratios, are carbon sources for the compost pile. Straw, leaves, and dry grass are typical examples of brown materials.  In the chart above, note that some materials are more "brown" (carbonaceous) than others.  Dry, brown materials usually need moistening before use.  Straw and sawdust can be soaked in a wheelbarrow and then drained for best results.  Brown materials can be stored easily in a bin for later use.  For example, fallen dead leaves or dry weeds, stockpiled in autumn, can be used for layering with fresh green materials the following spring.

The following chart will give you an idea of the carbon‑to‑nitrogen ratio of some common compostable materials.

6.2.3
COMMON COMPOSTABLE MATERIALS
Average Carbon‑to‑Nitrogen Ratios

BROWN

Sawdust 500:1  Chipped Woody Brush 300:1  Newspaper 200:1  Straw 60:1  Dry Leaves 60:1  Dry Hay or Leaves 40:1

GREENISH‑BROWNISH

Mixed green/brown plant materials 30:1   * Horse manure with straw bedding 25:1

GREEN

Green weeds 20:1  Finished crop plants and leafy prunings 20:1  Kitchen scraps 15:1  Grass clippings 10:1  Chicken Manure 5:1

*The ideal carbon‑to‑nitrogen ratio for composting is around 30:1.
This merely means that most decomposer creatures prefer a diet that has 30 times as much carbon as it has nitrogen.  These creatures use carbon for energy (much as we use carbohydrates) and use nitrogen to build their bodies (much as we use protein).  Some compost materials, such as mixed weeds or horse manure in straw may have a carbon‑to‑nitrogen ratio close to 30:1.  These "greenish‑brownish" materials can be composted successfully without adding any other materials. However, most compost materials are best balanced by other materials.

WHAT NOT TO USE
Meat and meat bones, dairy products, and greasy foods are likely to attract pests.  Cat, dog, and human feces can contain harmful pathogens.  Pernicious weeds, especially those with rhizomonous root systems, may not be killed in the composting process.  Diseased plants and bug‑infested plants should be kept out of slow, cool piles and should be added with discretion to the center of hot piles (when it doubt, keep it out).  Weeds with mature seeds should be kept out of slow, cool piles to avoid spreading.  Needles from conifers are very slow to break down and can often be quite acidic.  Leaves from eucalyptus, walnuts, and laurel trees contain tannins.  (A few are okay).  An experienced composter can often fudge these rules but safety and health concerns must be an ever present concern.

6.2.4
Composting Structures
To save space, hasten decomposition, and keep the yard looking neat, contain the compost pile in some sort of structure.  Structures can consist of a variety of materials and can be made as simple or complex as desired.

Types of Structures
Use of plastic garbage bags is perhaps the simplest way to make compost.  Th bags are easy to handle and require minimal maintenance.  To make compost using this method, fill plastic bags (30 to 40 gallon size and at least 3 ml thick) alternately with plant wastes, fertilizer, and lime.  To each bag of composing material add about one tablespoon of a garden fertilizer with a high nitrogen content.  Hydrated lime (one cup per bag) helps counteract the extra acidity caused by anaerobic composting.  After filling the bag, add about a quart of water. Close the bag tightly.  Set aside for six months to a year.  Set the bags in a basement or heated garage for better decomposition during the winter months.   The main advantage of composting in garbage bags is that it requires little maintenance; however, because oxygen is limited, the process is slow.
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A barrel or drum composter generates compost in a relatively short period of time and provides easy turning (Figure 1).  It requires at least a 55 gallon barrel with a secure lid.  Be sure that the barrel was not used to store toxic chemicals.  Drill six to nine rows of one-half inch holes over the length of the barrel to allow circulation and drainage of excess moisture.  Place the barrel upright on blocks to allow bottom air circulation and drainage of excess moisture; fill it two-thirds full with organic waste material and about one-fourth cup of a high nitrogen fertilizer.  If needed, apply water until the mixture is moist.  Every few days, turn the drum on its side and roll around the yard to mix and aerate the compost.  The lid can be removed after turning to allow for air penetration.  Ideally, the compost should be ready in two to four months.  The barrel composter is an excellent choice for the city dweller with a relatively small yard.

6.2.4
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Larger quantities of organic waste, bin-type structures are the most practical.  A circular bin be made by using a length of small spaced woven wire fencing held together with chain snaps (Figure 2).  The bin should be about three to five feet in diameter and at least four feet high.  To maintain the shape of the pile and facilitate adding water a stake high may be driven in the middle of the bin before adding material.  With this design, it is easy to turn the composting material by simply  unsnapping the wire, moving the wire cylinder a few feet and turning the compost back into it.

A very efficient and durable structure for fast composting is a three-chambered bin (Figure 3).  It holds a considerable amount of compost and allows good air circulation.  The three-chambered bin works on an assembly line idea, having three batches of compost in varying stages of decomposition.  A balanced mixture of compost material (see Preparing the Compost Pile section) is started in the first bin and allowed to heat up for three to five days.  Next, it is turned into the middle bin for another four to seven days, while a new batch is started in the first bin.  Finally, the material in the middle bin is turned into the last bin as finished or nearly finished compost.

To make this structure, it is best to use rot-resistant wood such as redwood, treated with a preservative such as Acopper green,@ or a combination of wood and metal pots.  Unless the wood is treated or is rot resistant, it will decompose within a few years.  Each bin should be about five by three to four feet high.  Removable slats in the front offer complete access for turning.  

There are many other structures for composting and no one structure is the best.  Invent your own, or consult one of the several new books on composting.  If you don=t want to build a structure, there are several commercial composting units available through local garden stores or mail-order catalogs.  Most of these are similar to the barrel composter described previously and are for the city dweller wanting an easy way to make small amounts quickly.
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