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Introduction

Most people are familiar with the principles of tm@philic composting, which is a
microbial process that utilizes certain aerobic roocganisms to break down organic
materials such as wastes. This process involveseawbic, microbial heating process,
which raises the temperature of the organic mdsetaa55° — 70° C for at least 72 hours,
followed by a maturation phase of several daysis Pinocess depends on keeping the
organic materials aerated, either by turning orggailes mechanically, or by injecting air
into enclosed systems. The product has a numbesex as field soil amendments, but
has a relatively poor structure and comparativetyittd amounts of plant-available
nutrients. (Edwards and Bohlen, 1996; EdwardsAmadcon, 2004).

More recently, there has been considerable worttbwinterest and significant

technological progress, particularly at The Ohiat&tUniversity, on the production and
optimal uses of vermicomposts. Vermicomposts carpimcessed from most organic
wastes such as animal manures, and particularlgperpand food wastes, through
interactions between earthworms and microorganismes mesophilic process (up to 35°
C), to produce fully-stabilized materials with lam&rbon to nitrogen ratios. They have
high and diverse enzymatic and microbial activiteesd contents, a fine particulate
structure, good moisture-holding capacity and dantautrients such as nitrogen,
potassium, and calcium in forms readily taken upplants. Vermicomposts can have
dramatic effects upon the germination, growth, #owg, fruiting and yields of most

crops, particularly fruit and vegetables, which laigh value crops.

Because vermicomposts are so rich in plant-avalabtrients, they tend to perform best
in promoting plant growth and yields, at relativey application rates into plant growth
media or soils. It has been shown conclusivelyha Ohio State University, that these
plant responses may be due to the production ot gl@wth regulators such as as indole
acetic acid (IAA), kinetin, or gibberellins assdeid with humic and fulvic acids also
acting as plant growth regulators. These mateaads produced through interactions
between earthworms and microorganisms. We areimoe that the plant hormones
produced become adsorbed on to the humates aratda)\and are released slowly into



soils to promote plant growth over the whole grayvseason or even several growing
seasons. (Arancon et al, 2005a).

Production of vermicomposts

Since vermicomposting is a mesophilic process, aithupper temperature limit of 35° C,
it is important to use techniques in vermicompastsystems which minimize the
development of thermophilic composting in the wasterhis can be achieved most
readily, by adding the organic wastes, at intergéls-2, days in thin layers of 1-3 cm, so
that no heating occurs. The vermicomposting agersisally earthworms of the species
Eisenia fetidapr species with a similar habitat and food neeesiain in the top 10-15
cm of fresh organic wastes, reaching populationgpato 9 kg wet weight of earthworms
per square meter, to attain the most rapid pracgsgiorganic wastes.

The continuous flow, automated vermicomposting eayst that were developed by
Professor Edwards and his colleagues in the U.K.@du%., use this principle of adding
layers of organic wastes at the top of the systedhcallecting the vermicomposts at the
bottom, with a retention time in the system of 3-®ays. Such fully automated
continuous flow systems were adopted and modifie@tnburst Waste Management in
Australia and have been used there for a long @eri®Guch units have also been
constructed by this company in Hong Kong and arnseabto make a major impact in
waste management in this region of China.

Uses of vermicomposts

Vermicomposts can be produced from a wide rangergdnic wastes, such as animal
manures, biosolids, paper, and food wastes, argkttitat are produced from the same
materials are easy to standardize which is es$dati@onsistent results. They can be
used to promote the growth of house and gardertgpland in horticulture, particularly
for of fruits and vegetables as amendments to @edgs usually in the crop rows.
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Figure 1.Number of flowers on petunias grown in food wast&ermicompost
and MetroMixM360 (with all needed nutrients supplied).



Solid vermicomposts have been shown to increaseg#renination rates of
growth, flowering, and yields of a wide range obms such as petunias (Figure 1.
Arancon et al, in press), marigolds, chrysanthemutosiatoes, peppers (Figure 2.
Arancon et al 2004), grapes, and strawberriedydtin greenhouse and field crops. In the
greenhouse, rates of substitution of from 20-40%m@mposts, into commercial plant
growing media, have been shown to be the mostteféee increasing crop yields. In

the field, application rates of 1.25-5.0 tons ofreieompost per ha have had excellent
effects on arowth and vields of manv crons.
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\Figure 2. Mean yields and mean fruit weights of pepers produced in standard
commercial medium (Metro-Mix 360) substituted with different concentrations of
food waste vermicompost. Columns followed by the s#e letters do not differ
significantly (P<0.05, with all needed nutrients spplied).

Vermicomposts have also been shown to suppresskaitby soil and foliar transmitted
plant diseases, such as PythjurRhizoctonia Plectosporium and _Verticillium,
significantly in both the field and greenhouse. MEBoOmposts can also suppress
arthropod pests such as caterpillars: includingbagb white caterpillars, tomato
hornworms, and cucumber beetles, as well as sucthgopods: such as scale insects,
mealy bugs, aphids (Figure 3) and spider mites (éoa et al, 2005b, 2006). The
suppression of aphids is particularly importamcsithey are major transmitters of plant
viruses. The vermicompost applications to soilseap to make the plants that are grown
in them less attractive to the pests but also ppsassing their reproduction.
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Figure 3-  Development of aphid populations (Means + SE) on béages, grown

in a soilless medium, Metro-Mix 360 (MM360), substuted with food
waste vermicomposts. Measurements made over on sevdates over
17 days after infestations. Means designated by *nd ** are
significantly different at P <0.05 and P < 0.01, respectively.

Finally, it has been shown at The Ohio State Usiethat vermicomposts can suppress
attacks by plant parasitic nematodes such as torogdd eelworm and root knot
nematodes such as Meloidogyra tomatoes and other vegetable crops dramaticall
(Arancon et al, 2003).

Production of agueous extracts of vermicompost otéas’

In recent years, crop growers have been produadjgaus extracts of composts, and
vermicomposts, commonly termed ‘teas’, and foundig@aarly that vermicompost ‘teas’
can increase crop germination and growth in waysilai to the solid vermicompost
materials and are much easier to apply to cropssaild. Work at The Ohio State
University has shown that the best method of producteas’ is with commercial
extraction equipment, using organic wastes thatammated and soaked for about 24
hours. Vermicompost ratios of waste to water,:6f 1:10, and 1:20 were most effective
and economic in terms of treatment costs. ‘Teasdpced at these dilutions can affect
plant growth significantly when applied as soil mkes. It is recommended that the
‘teas’ are used soon after they are produced.

Uses of vermicompost ‘teas’

These aqueous vermicompost extracts or ‘teas’ arehmeasier to transport and apply,
than solid vermicomposts, and can duplicate mote@benefits of vermicomposts when
applied to the same crops. Additionally, they barapplied to crops as foliar sprays.



0.9 -
0.8 A
0.7 A
0.6
0.5 A
0.4

0.3 | T

0.2

Shoot Dry Weight (Grams)

0.1 A

—

i

Control (Water) 1%
-------------------- Vermicompost Tea Dilutions---------------

2%

5%

Figure 4. Increases in tomato mean shoot dry weightin response to aerated food
waste vermicompost ‘tea’ applications compared to awater control to plants
growing in MM360 (with all needed nutrients supplied)

Work at The Ohio State University has shown thatmieompost ‘teas’ increased the
germination, growth, flowering, and yields of tomas$ (Figure 4), cucumbers, and other

crops in similar ways to solid vermicomposts.

Therated, vermicompost ‘teas’

suppressed the plant diseases Fusar{iigure 5) Verticillium Plectosporium and
Rhizoctoniato the same extent as the solid vermicompostdwds et al, 2006)
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Figure 5. Suppression of the plant diseaseBusarium by drenches of food waste
vermicompost and vermicompost ‘teas’ compared to awater control (with all needed

nutrients supplied).
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Figure 6a. A comparison of tomato plants infested ith Meloidogyne hapla and
treated with vermicompost or thermophilic compost teas’. Plants were grown in
MM360 (with all needed nutrients supplied).
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Figure 6b. The roots of tomato plants infested witiMeloidogyne hapla and treated
with 5%, 10%, 20% aerated vermicompost ‘teas’ or 206 thermophilic compost
‘tea’ compared with those treated with only water ontrol (with all needed nutrients
supplied).




Vermicompost ‘teas’ also suppressed populationspader mites (Tetranychus urtigae
and aphids_(Myzus persicesgnificantly.

Additionally, they had dramatic effects on thepession of attacks by plant
parasitic nematodes such as Meloidogymetomatoes both in terms of reducing the
numbers of root cysts significantly and increasiogt and shoot growth (Figure 6a and
6b).

Conclusions

Clearly, vermicomposts and vermicompost ‘teas’ tbat be produced from organic

wastes, such as food and wastes, have enormousreopotential for increasing crop

yields and suppressing attacks by important pesisdiseases. The vermicomposting
process takes materials with considerable negainge economic problems, associated
with their disposals in land fills and other ways)d create from them value-added
products which can increase food production drarahyi.
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