
Vermiculture: Promote Global Worming!
Introducing: The Earthworm





“The plough is one of the most ancient and most valuable of 




Man’s inventions; but long before he existed, the land was … 




regularly ploughed and still continues to be ploughed by 




earthworms. It may be (doubtful) whether there are many 




other animals which have played so important a part in the 




history of the world as these lowly organized creatures.”

​
- Charles Darwin, 1881

The earthworm is not the most popular member of the animal kingdom. Most people don’t think twice as they wrap the earthworm around a fishhook, or see them lying on the wet sidewalk after a rainstorm. However, it is the constant churning of the soil by the earthworm that has enabled plants to grow, terrestrial animals to survive, and Man to populate the Earth. Man’s great agricultural success is and has always been inherently dependent on the lowly earthworm. The earthworm plays a dominant role in the creation of compost, improving soil and enhancing crop production. It serves as a protein-rich food source for humans and livestock, as a tool in erosion and flood control, and as a multi-indicator of environmental quality (Minnich, introduction). This “lowly organized creator”, as Darwin called it, deserves our utmost respect and care, for our well-being depends on the earthworm.

Taxonomic information
The earthworm is a member of the phylum Annelida that is Latin for “rings”. Annelids are soft-bodied animals with continuous segments of similar size and appearance. There are more than 6,000 species – mostly aquatic creatures such as leeches.  

Earthworms belong to the class Chaetopoda, and to the order Oligochaeta. There are five families. The most common species of the earthworm found in North America, Europe and Asia belong to the family Lumbricidae of which there are 220 species. Approximately 3000 species of earthworms exist worldwide. There are no known species native to North America. All are exotic species that originated in Europe, Asia and Africa.

Common species of worms and their characteristics
Lumbricus terrestris – “night crawler”, “angleworm”; 4-12”; found in lawns, garden, orchards; surfaces at night to feed, leave castings, and mate; penetrates deeply in soil.

Allolobophora caliginosa – “field worm”, “garden worm”, “gray worm”; 2-8”; found in gardens for fishing bait; slow production, require cool temperatures, and easy to find.

Diplocardia verrucosa – slim worm found in agricultural soils; small and relative inactive, so marginal help in crop growing.

Allolobophora chlorotica – “green worm”; 1-3”; found in gardens and crop fields; most inactive; semi-dormant condition.

Pheretima – “swamp worm”; 2-7” depending on species; only non-European species to have flourished in North America; competes with native species.

Eisenia fetida – “brandling worm”, “red worms”, “red wiggler”, “manure worm”; 2-5”; found in large amounts of decaying organic matter (compost piles, fallen logs, manure) which it requires to live; not found in typical garden and farm soils; prolific breeder; identified by alternating rings of yellow and maroon along its body length; has bad odor according to some experts. And older species spelling is foetida (Appelhof, 2000).

Lumbricus rubellus – “red worm”, “red wiggler”, “English red”, “California red”; 2-5”; found in decaying organic matter (compost piles, manure piles); prolific breeder, does not have an odor, and responds well to commercial handling; popular fish bait because of active wiggling (Minnich, pp. 19-23).

The importance of the earthworm to agriculture
Earthworm casts are the highest grade of organic fertilizer available. Nutrients from the earthworm’s body are transferred to the soil as it is processed. According to a study by the USDA in 1949, the great fertility of the Nile River Valley was due in large part to the activity of earthworms. After analyzing the soil, researchers found the casting of earthworms from a six month period to weigh almost 120 tons per acre – about ten times the amount of castings on American and European soils. So revered was the earthworm by the Egyptians that Cleopatra declared the earthworm to be a sacred animal and protected (Minnich, pp. 65-66). 

Geologists have found that the last Ice Age stripped North America of any native earthworms. The lumbricid earthworms were brought to America by the Europeans. One theory is that the worms came in the root balls of plants and wedged into the shoes of the colonists’ horses as egg capsules. 

English naturalist, Charles Darwin, studied the earthworm for forty years. In 1881, he published On the Formation of Mould through the Action of Worms with Observations on their Habits, a book that presented evidence that buried organic matter was consumed by earthworms that produced castings. In 1837, Darwin wrote, “I was thus led to conclude that all the vegetable mould over the whole country has passed many times through, and will again pass many times through, the intestinal canals of worms.” (Minnich, p. 67)

A physician and surgeon at the time, George Sheffield Oliver happened to read Darwin’s book in 1906 and began raising worms and implanting them and their egg capsules into gardens, fields and orchards. His efforts were highly successful and he grew into a reputable and sought-after landscape and agricultural consultant. His book, Our Friend the Earthworm, published in 1937, was one of the first serious treatments of the earthworm since Darwin’s work and came at an opportune time: the dust bowl of the 1930’s provided stark facts that America needed to pay closer attention to the principles of nature (Minnich, pp. 71-74).

Like Oliver, Dr. Thomas J. Barrett read Darwin’s work and saw great potential in earthworms for agricultural purposes. A friend of Oliver, Barrett was determined to develop and build the perfect system for raising earthworms on a large scale – the Earthmaster. He published Harnessing the Earthworm in 1959, and it is essential reading for anyone interested in earthworms and organic gardening (Minnich, pp.74-76).

Sir Albert Howard is known as the father of organic gardening and farming. His studies in the West Indies, India and England produced his book, An Agricultural Testament, in 1940, and set in motion the basis for all organic techniques and methods throughout the world. Howard used the presence of an earthworm in soil as a barometer on the soil quality. He deplored the use of chemicals, largely in part because they destroyed the earthworms, which benefited the soil structure and provided nutrients (Minnich, 76-77).

The father of organic farming and gardening in America, J.I. Rodale was inspired by the work of Howard. For over 30 years, Rodale experimented, studied, farmed, wrote and published his findings. The earthworm was revered by Rodale as critical to the success of organic farming. However, he did not believe in breeding and implanting the worms and egg capsules, but encouraged the incorporation of compost and humus to soil. His son, Robert Rodale, was also an advocate of organic farming and gardening. But his main efforts were in the area of promoting serious earthworm research by governments and universities. Rodale felt government and university researchers disregarded the earthworm as an important research subject. His book, The Challenge of Earthworm Research, was published by the Soil and Health Foundation and Rodale Press in 1961 (Minnich, pp. 77-79).

Dr. Henry Hopp was the world’s leading authority on earthworms at the USDA in the 1940’s, and he sponsored and conducted research, publishing numerous articles and papers on subjects such as how earthworms fight erosion, earthworm ecology in croplands, earthworms as a factor in forming soil aggregates, etc. Hopp was responsible for calling attention to earthworm research and much of what we know today is due to his research (Minnich, pp. 79-80).

The Biology of the Earthworm

The life span of the earthworm is not known exactly as most earthworms die due to some sort of natural hazard – predators, freezing weather, changes in soil chemistry, toxins, agricultural practices, etc. Thomas J. Barrett estimated in favorable conditions, a mature earthworm would live fifteen years or more with little signs of aging. Other researchers estimate a more conservative four to eight years (Minnich, pp. 4-5). 

The physiology of the earthworm has remained virtually the same through millions of years. Its structure is primitive and does not differ significantly from species to species. It has a well-developed array of systems – nervous, circulatory, digestive, muscular, and reproductive (Martin et al. 1976). 
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Water comprises 70-95% of the earthworm’s body weight. The remaining percentage is mostly protein, fat, and whatever mineral matter makes up the worm’s diet. The large amount of protein is significant to the earthworm’s role in nature as food for other animals (Minnich, p. 5). 

The earthworm possesses five “hearts”. While they are not hearts in the sense of the mammalian heart, the earthworm’s hearts are vessels that direct the blood flow of the worm’s body via dorsal and ventral arteries as well as minor small vessels and capillaries. 

The earthworm is a cold-blooded animal like its sea-dwelling relatives, and requires constant moisture and subsequent evaporation to keep its body cool. A mucus film covers the body and helps hold in moisture and aid in respiration. Earthworms do not have lungs. Gasses such as carbon dioxide and oxygen are exchanged through the earthworm’s body walls (Minnich, p. 6). The mucus also protects the earthworm’s body while it burrows and is a carrier of spermatozoa during reproduction.  

The first noticeable structural feature of an earthworm’s body is its segmentation, which is internal [image: image2.png]Introducing the Earthworm
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as well as external. Earthworms have between 95-150 segments – called somites - in their bodies, depending on the species. These somites are muscular and very strong, and are equipped with setae – small hair-like structure that can be extended or retracted for movement and burrowing (Martin et al., 1976). 

The various somites perform different functions similar to the way the animal body is divided into different organs. The first section is the head and consists of a mouth (called the peristonium) and the prostomium, a lobe that covers the mouth and serves as a wedge to force open cracks in the soil for burrowing. The earthworm literally eats soil as it burrows or it may push it aside using the prostomium. Other segments serve for reproduction, digestion, etc. (Martin et al., 1976).

Reproductive system and regeneration
Earthworms are hermaphrodites - they each possess both male and female sex organs – but they are not self-fertilizing. Each worm must mate with another, with both worms producing sperm and a cocoon of eggs. The wide band on the worm called the clitellum is a significant structure in the reproductive process as it produces the cocoons into which the worms deposit mature sperm, egg cells and nutritive fluid. The ova are fertilized within the cocoons. After fertilization, the cocoon slips off of the worm into the soil. The eggs will hatch in approximately three weeks and produce 2-20 baby worms with four being average (Martin et al. 1976)

An earthworm’s body will regenerate (grow back) if is severed anywhere along the rear end. It will grow as many new segments as old, a process which takes a few months depending on the species. However, if the body is severed toward the anterior end – prior to the thirteenth segment - chances are that the worm will die (Minnich, pp.15-16).
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Figure 2. The structure of the Earthworm  (Minnich, p. 13)
Nervous system

The earthworm does not have a “brain” but a knot of nerves located above the mouth. A nerve cord runs the length of the worm, forming a ganglion at each segment. These ganglia serve as impulse centers for the organs of the body. Earthworms are extremely sensitive to touch, a defense that helps them to select food, avoid predators, objects, and to help in reproduction. An earthworm can avoid predators such as birds by detecting the animal’s movement on the soil above and burrowing deeper into the ground. Earthworms “eyes”, which are single cells scattered on its anterior epidermis, detect blue light and trigger the worm’s reaction to avoid it by retreating into the soil. They are also sensitive to ultraviolet rays, surviving only minutes when exposed (Minnich, p. 15).

Digestive system
When an earthworm swallows soil or organic matter, strong muscles mix the material and force it into the digestive tract. There, secreted digestive fluids that contain enzymes mix with the materials, releasing amino acids, sugars, and other organic molecules from the organic matter. These may include living microorganisms such as bacteria, fungi, nematodes, and protozoa. The simple molecules are absorbed through the earthworm’s intestinal membranes and used for cell synthesis and energy (Martin et al.).

An earthworm will eat its weight in soil and organic matter each day. The “food” is processed through the body via the worm’s alimentary canal (gut), a long tube that extends the entire length of the worm. Different parts of the canal serve different functions.  The end result is earthworm castings, excrement rich in organic matter and plant nutrients - the main reason people practice Vermiculture.

Vermiculture and Vermicomposting

According to Mary Appelhof in Worms Eat My Garbage, vermiculture is defined as a “culture of earthworms” and a composting system that uses worms such as Eisenia fetida is called a vermicomposting system. Appelhof notes that vermicomposting is “using earthworms and microorganisms to convert organic waste into black, earthy-smelling, nutrient-rich humus.”  

People have mixed reactions to the idea of vermicomposting. Appelhof has experienced initial distaste followed by a flood of questions. This author met with same response from friends and family. But after that, they became quite fond of the project and interested in the worms and their work. Once they are used to the idea and have seen how it is done, housing worms in a basement doesn’t seem so distasteful after all.

People choose to practice vermicomposting for several reasons. Worm composting provides for year-round compost for indoor plants. Castings can be mixed into the soil of a potted plant, providing rich, organic fertilizer and soil improvement. Like traditional composting, worm composting is ecologically beneficial to the environment. It provides a homeowner with a way to reduce landfill waste by letting the worms do the recycling of kitchen scraps, plant material, cellulose products, etc. When added to plant soil, castings provide the same nutrients as fertilizers without the expense, the bulk and the problems of run-off and groundwater pollution. 

This paper is directed at the homeowner who is worm composting for use of the castings as a soil amendment and will not be discussing commercial worm farming. Some people decide to raise worms as a profitable business, selling the worms and the castings to home vermicomposters and organic gardeners. These commercial growers operate on a fairly large scale compared to the homeowner. Vermicomposting is also an interesting project for kids and adults alike. Worms are easy to care for, reduce garbage and waste, and produce fertilizer. They are also quiet and the owner always has bait for fishing.

Comparison of traditional composting and worm composting
Traditional composting – composting outside in an enclosure – requires organic matter, air, moisture, microorganisms, and time (Coleman, p. 16). In a traditional compost bin, the temperature can reach 130(-160( F, depending on the carbon/nitrogen ratio (A higher C/N ratio means more carbon present with the optimum C/N ratio for composting to be 30) (Rodale, pp. 214-215). 

The beauty of vermicomposting (especially for a northerner) is that it can be practiced year-round. It requires the same ingredients and employs the same principles as traditional composting, but the specific components are slightly different. Vermicomposting still requires organic matter such as fruit and vegetable scraps, but the carbon that normally is leaf litter for the outdoor composting bin, becomes coffee filters, newspaper, and dryer lint for the vermicomposter. Air circulation is important in both types of composting. However, a traditional compost bin must be ventilated and turned with a pitchfork or rotated (as is the case with the tumbler models). In a vermicompost system, ventilation is also required for air circulation, but no turning is needed. The worms churn the soil as they burrow and consume the bedding (Ingham, 1996).

The rain or the garden hose can provide moisture in the outdoor compost bin. Too much water results in anaerobic conditions and a disagreeable odor, but can be quickly rectified by adding carbon and turning the pile. Not enough water means slow composting, and can be cured with a garden hose. Neither condition is a life or death matter. In vermicomposting, however, moisture balance is critical to health of the worms. The moisture level in a bin can be maintained via the food scraps fed to the worms. However, like the traditional compost bin, if a worm bin is too wet, it will smell, but worse than that, your worms may drown. Worms trying to escape is a sure sign of wet conditions in a worm bin. On the opposite end of the spectrum, if a worm bin is too dry, the worms will die from desiccation.

Microorganisms are important in both traditional and worm composting systems. In both case, microorganisms are bacteria, nematodes, and fungi. Most are important to the decompostion of organic materials in the bin and work with the worms to break down the matter. A few can be detrimental to the worms, but most are not found in the home vermicomposting system. 

There are also organisms in the worm bin, the major organism being the worms themselves. The traditional earthworm, Lumbricus terrestris, found in a typical compost bin, garden or agricultural field is not suitable for vermicomposting as it is an “earthworker”. It does not process soil and organic materials like a composting worm. L. terrestis and other earthworkers require large amounts of soil, very cool soil temperatures (maximum 50( F), and do not like their burrows disrupted. The worms suitable for vermicomposting are the redworm and the red wiggler. Some redworms are Eisenia fetida, E. andrei, and Lumbricus rubellus.  Most commercial cultures contain a mixture of all these. These “composters” live and work on the surface of organic soil layers whereas the “earthworkers” move from layer to layer, mixing and churning the soil as they move (Appelhof, pp. 39-44).  

Other organisms include mites, isopods (e.g. sowbugs), centipedes and millipedes, enchytraeids (white worms), springtails, fruit flies. Most are harmless to the earthworm and an annoyance to the humans. Fruit flies and fungus gnats are common, but can be controlled by burying the foodstock and maintaining the moisture level. This eliminates the food as an egg-laying ground for the fruit flies and the damp conditions that attract fungus gnats. 

According to Appelhof, many mites are present in a worm bin. They eat plant matter, excrement, mold and decaying wood. There is an earthworm mite which is rare, but can be a problem. It is reddish in color and will infest food scraps, literally covering them. The worms will refuse to feed. The best defense is aeration as the mites prefer dampness. If a bin is infested, infested scraps should be removed and destroyed (Appelhof, p. 101).

Another rare, but potential, predator is the flatworm. These attack the earthworms directly by mounting and inserting its feeding (pharynx) into the earthworm. It injects digestive fluids and secretions into the earthworm, liquefying its tissue and consuming the earthworm.  

Setting up a home vermicompost system
There are three E’s that are important to the beginning vermicomposter: education, equipment, and environment. 

The first E is education. It is important to understand the basics of composting, the lifecycle and needs of the worms, and to research the various bins and equipment available. Resources are abundant on the Internet. Some useful web sites for information about vermicomposting, worm species, bins and personal experiences and tips are:

The Compost Resource Site

http://www.oldgrowth.org/compost

Worm Digest



http://www.wormdigest.org

Cityfarmer



http://www.cityfarmer.org

Worm Woman (Mary Appelhof’s site)
http://www.wormwoman.com

While many resources are found on the web, there are some good books available to help the home vermicomposter. Mary Appelhof’s Worms Eat My Garbage is the most popular book found on the Internet. In it, she explains the basics of worm biology. Worms are living creatures that require care like any pet. Knowing their needs will keep worms productive and the home vermicomposting system free of problems.

Another possible source may be a county extension office or master gardener. In Hennepin County, there are not many people who can advise on the basics of vermicomposting though the office does carry Appelhof’s book and a few other publications.

Bin size and construction

The second E is equipment. There are suppliers that sell a variety of bins and structures for vermicomposting as well as worms, bedding materials and even worm fattener, 

Happy D Worm Ranch


http://www.happydranch.com
Biological Home Grown Farm

http://www.worm-publications.com/biologicalhome
The Worm Farm


http://empnet.com/worms/welcome
The size of a vermicomposting bin should depend on the amount of food waste produced by the household. Appelhof recommends tracking the pounds of organic kitchen waste produced in a week by the household. This will be affected such factors as the number of people in the household, vegetarian habits, the amount of prepared foods eaten, how much food is thrown away due to spoilage, etc. According to Appelhof, two things happen when people compost: (1) as people become more conscious of waste, they tend to waste less; and (2) people know what they do waste will go to good use. After learning the weight of weekly waste, Appelhof recommends planning on one square foot of surface for each pound of garbage per week (Appelhof, pg. 14). For example, a household that produces five pounds of food waste per week would require a bin that provides approximately five square feet of surface area (ie: a bin that measures 1’ x 2’ x 3’).

A bin can be constructed out of plastic or wood. Both materials [image: image3.png]


have pros and cons. Wood is organic and will breathe better than plastic, but it is heavy and will deteriorate faster because it is constantly damp. However, wooden bins can be built for outdoor use in temperate climates and incorporated into the landscape. For example, plans can be found on the Internet and in Appelhof’s book for building bins concealed as patio benches (see figure 3). While treated lumber and aromatic wood such as cedar are not recommended as they may harm the worms, other hardwoods are fine for worm bins. Appelhof also does not recommend redwood. 


Fig. 3 Worm Bin Bench

However, she notes in her book that worm workers 

from northern California say it works well (Appelhof, p. 25).

Plastic is lightweight and will not rot, but it will hold moisture and therefore require more holes for aeration. There are many commercial plastic bins that can be converted into excellent worm bins with the addition of bedding and some air holes. Key to any compost system is aeration. Anaerobic conditions will reduce the bin’s efficiency, produces bad odors, and will ultimately kill the worms. Eight to twelve holes, ¼ - ½ inch in diameter should be drilled in the bottom and sides of the bin above the bedding level. The bottom holes will also help excess moisture to drain. The bin will need a cover to keep the bin dark – a sheet of plastic or burlap will suffice. The burlap has the advantage of provided further air circulation through its fibers (www.cityfarmer.org/wormcomp61/).

Commercially produced bins are available under the names of Can-O-Worms( and [image: image4.png]


Worm-A-Way( as well as others. Manufactured in Australia and distributed by numerous marketing companies, the Can-O-Worms is one of the most popular models of home vermicompost bins with over 130,000 units sold worldwide. Based on this figure, it is estimated that over 11,000 tons of food waste is being diverted from landfills. The Can-O-Worms is an enclosed tier system with a bottom catch tray and a spigot for removing excess moisture. Three working trays with mesh bottoms stack on a base that keeps the bin system off the floor. The home vermicomposter places moist 


Fig. 4 Can-O-Worms(
bedding and worms on the first tray, adding food waste as 

available. When the first tray is full, the second tray is placed on top and food waste is added to it. The worms will migrate through the mesh up to the second tray, dropping their castings through the mesh onto the tray below. As the worms vacate each level, moving toward the fresh food, the home vermicomposter removes the lower tray that, in theory, is full of castings ready to use. 
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The Worm-A-Way is manufactured by Flowerfield Enterprises and consists of a plastic ventilated bin with louvers supporting perforated pipes that traverse the lower part of the bin. These are designed for better aeration. The lid has large vents for air exchange.This bin is available in several sizes and all are lightweight. Harvesting this bin relies on lateral or vertical movement of the worms that will be discussed later in this paper.

Fig. 5 The Worm-A-Way(

A third bin that is popular is the Worm-A-Roo( from Ecconet in Yakima, Washington. Kelly Slocum, a writer for Worm Digest, reviewed the Worm-A-Roo and found it to be a good choice for the home vermicomposter. The Worm-A-Roo features a double bin system with the bins separated by a moveable wall called a migration device. Bedding and worms are placed in the first bin where they are fed for about five weeks, according to Slocum. After this time period, the worms are left to process the first bin and the second bin is layered with bedding and food wastes. After two weeks, the migration device between the two bins is removed to allow the worms to move from the finished material to the fresh food and bedding. This process took about two weeks after which time Slocum replaced the migration device and proceeded to clean out the finished material in the first bin (Slocum, 2000).

Site specifications

The third E is environment. Location of a vermicompost system in the home is important to encouraging its use. It should be convenient and easily accessible. Some people locate a small bin right in their kitchen and even on their kitchen counter, but a cool dark basement or storage room is fine as well. Both should be well ventilated. If outside temperatures are warm enough (over 50(F), a bin can be located outdoors in a shaded area protected from the weather such as a patio, balcony, or garage (Appelhof, pp. 9-10). The bin should be out of direct sunlight to keep temperatures cool and protect the worms from heat that could kill them. A piece of burlap or dark plastic over the bin will keep the bin dark. 

Bedding

Various materials can be used for bedding. Worms can tolerate a wide range of pH levels from pH 5-9, but neutral (pH 7) is the best. Shredded newspaper, manure, sphagnum peat moss, wood chips and coir all make a good base for bedding. The homeowner can add to the bedding to enhance its texture and add air space, tilth, and grit for digestion. Some of these amendments include soil, rock dust, and leaf litter. Zeolite is a volcanic product that also adds grit as well as balancing the pH and absorbing odors. Calcium carbonate can be added to increase the pH level if the bedding is too acidic; however, do not use slaked or hydrated lime as it will harm the worms.

Bin temperature

An important consideration when locating your worm bin is the temperature of the bin. Redworms can tolerate a wide range of temperatures. In her book, Worms Eat My Garbage, Mary Appelhof recommends worms feed and convert waste best at temperatures from 59-77( F. She notes the worms can live at temperatures as low as 50( F and still be productive, but below freezing temperatures will kill them (Appelhof, p. 3) as will temperatures over 86( F. According to Appelhof, temperatures in a moist, well-ventilated bin are lower because of the evaporation has a cooling effect. A poorly ventilated, warm bin will be too warm and will encourage an anaerobic environment, reducing productivity and overall health of the worms as well as create an odiferous system.

Maintaining and Harvesting a Vermicompost System

Worms have relatively simple needs – food, space, air, and water – and they need very little supervision. They will be more productive if they are given the proper environment and nutrition and then are left alone. 

Foodstock

Food for worms can range from apple peels to egg shells to pancakes. Tea bags and coffee filters and grounds also are suitable, and spoiled food such as baked beans, hotdish and spaghetti can also be fed to the worms. The coffee grounds enhance the texture of the vermicompost and the eggshells provide calcium carbonate for microorganisms and other decomposers in the bedding. Plant cuttings are also good foodstock; however, do not use any that have been treated with insecticides or herbicides.

Avoid anything non-biodegradable and non-organic such as glass and plastic as the worms cannot digest these materials, pet feces, and any materials that may contain toxins. One example is orange peels. Too many in a vermicompost system can produce limonene that is toxic to the worms in very small concentrations. Pet feces – especially cat - will make the odor of the vermicompost system intolerable and urine can kill the worms. The greater concern is a pathogen, Toxoplasma gondii, which can be transmitted as tiny cysts in the cat feces. Inhaled by humans and stored in human tissues, T. gondii can cause brain damage in unborn babies via their mother (Appelhof, pp. 67-68).  

Worms will consume meat and dairy products. However, they will produce foul odors, attract rodents, and any leftover bones will look unattractive in a garden. Meat, bones and dairy products also are very high in nitrogen and, if they are used in the worm bin, it will be necessary to supplement the bedding with carbon to maintain the carbon/nitrogen ratio. 

Worms should be fed based on the number of individuals and their level of activity, the size of the bin, and the amount of foodstock produced by the household. People who are vegetarians will produce more foodstock than people who eat prepared foods or eat out often. Foodstock can be collected via a bucket or an under-the-sink compost bin. Worms can be fed as often as the worms and the needs of the household dictate. The only rule of thumb is not to overload the bin as the foodstock produces moisture and the bin may become too wet and could induce anaerobic conditions. Foodstock should be buried by gently lifting the bedding, spooning in food, and covering it with bedding. Mary Appelhof buries the food in a rotation after weighing it. She keeps a record of the location and has determined she can bury food twice a week for a month before repeating a food location (Appelhof, p. 69). It is important to bury the foodstock to discourage fruit flies from using the food to lay eggs. It also reduces odors as the carbon from the bedding mixes with the nitrogen-rich fresh food. 

Harvesting and using vermicompost
It is important to note the difference between castings and vermicompost. Castings are deposits that have moved through the digestive system of a worm. Vermicompost is a combination of worms castings, organic matter and bedding in various stages of decomposition, and organisms such as worms, cocoons, and other microorganisms Appelhof, p. 110). Once harvested, the vermicompost can be used as a nutrient-rich, all organic fertilizer for houseplants, container plants, or gardens. A significant component of vermicompost is humus. Humus contains humic acid, which is a binding site for many plant nutrients such as potassium, phosphorous, sulfur, etc. Humus also increases soil aggregation and texture, and will improve permeability. It stimulates plant growth and can provide beneficial control of harmful microorganisms (Appelhof, p. 111). Vermicompost alone is not sufficient for plant growth, but added to plant soil, it acts as an organic fertilizer. It will not burn plants, is high in organic matter and organisms, and it helps hold moisture. It can be used for seedbeds, transplants, and a top dressing for established plants.

It will take about 3-6 months until the vermicompost is ready to harvest. The bedding will begin to darken as the worms have convert the organic matter and bedding into castings. Although foodstock continues to be added regularly, the level of bedding will decrease. At some point, there will not be enough nutrition for the worms and it will be time to harvest the castings, and added fresh bedding. There are several methods:

Dump and hand sort method:
This is the most time-consuming method, but will definitely give the home vermicomposter an appreciation for their worms. This method consists of simply dumping the worm bin onto a large sheet of plastic, sorting it into about several pyramidal piles, and shining a light on the piles. Left alone for a few minutes, the worms migrate to the bottom of the pyramids to avoid the light. The home vermicomposter can start scraping off the outer surface of the piles, rotating through the piles. The worms will keep moving away from the light, ultimately aggregating into a mass. They can then be returned to the bin filled with fresh bedding (Appelhof, pp. 77-82). 

Lateral harvest method:
If hand sorting is not possible, the worms can be harvested by using the lateral method. Finished bedding – complete with the worms – is pushed to one side of the bin. Fresh bedding and food are placed in the empty side of the bin. The worms will migrate toward the fresh food and eventually most will leave the finished side. The finished vermicompost can then be removed and the fresh bedding spread out or more bedding added. This method is the basis for the Worm-A-Roo( commercial vermicompost bin (Appelhof, pp. 83-85).

Vertical harvest method:
A third harvest method is a vertical method using a piece of window screen. A piece of screen is fit snuggly over the finished vermicompost. Fresh bedding and foodstock are mixed and placed on top of the screening. According to Worm Digest, the worms will migrate through the window screen to the new bedding. When the material on top the of the screen is ready to be harvested, the screen and its finished material is lifted off, the old vermicompost removed, and the worm-rich material returned to the bin and fresh bedding added (Slocum and Frankel, 21:1999). This method is the basis of the Can-O-Worms( commercial vermicompost bin.

Summary

We need to ask ourselves, “How can we move from waste-ful to waste-free?” 

In nature, there is no such thing as waste, for one organism’s waste is another’s resource, and resources have value. Here in the north, we see waste as something to dispose and composting is something we believe we can only do six months out of the year. Vermicomposting is a way we can continue the cycle of life by making our waste a resource for the earthworm. It is an easy step toward becoming waste-free.
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Fig. 1 Ventral view of anterior  (Minnich p. 7)








Fig. 6 The Worm-A-Roo(
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