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Summary

Vermicomposts, which are produced by the fragmentation of organic wastes by ear-
thworms, have a fine particulate structure and contain nutrients in forms that are rea-
dily available for plant uptake. In greenhouse trials, the growth of marigold and to-
mato seedlings, in a commercial horticultural potting medium (Metro-Mix 360), was
enhanced significantly upon substitution of Metro-Mix 360 with 10% or 20 % vermi-
composted pig solids or vermicomposted food wastes, when all required nutrients
were supplied. Same enhancement in marigold and tomato seedlings’ growth occur-
red also upon substitution of Metro-Mix 360 with composted biosolids, but not with
leaf compost. The shoot dry weights of raspberry plants, grown in a mineral soil mi-
xed with vermicomposted pig wastes weighed more than those grown in unfertilized
control soil, and were as great as those in soil receiving a complete fertilizer treatment.
By comparison, raspberry shoot growth in soils amended with yard, leaf or bark com-
posts, was poorer than that in the unfertilized control soil. Amending the soil with 4%
chicken manure compost killed most of the raspberry plants. However, plant mortality
was reduced and growth restored when the chicken manure compost was mixed with
vermicomposted pig solids, but not with bark or yard composts. Plant growth in soils
containing a mixture of chicken manure compost with 20% vermicomposted pig
wastes was similar to that of plants grown in the unfertilized control. Our results sho-
wed that vermicomposts have the potential for improving plant growth when added to
greenhouse container media or soil. However, there seem to be distinct differences
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between specific vermicomposts and composts in terms of their nutrient contents, the
nature of their microbial communities, and their effects on plant growth.
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Introduction

With the progressive increase in the size of the world’s population and the adoption of
intensive animal husbandry production, large volumes of organic wastes produced all
over the world are creating a serious disposal problem and a major source of environ-
mental pollution. These wastes require large quantities of land for disposal, release
odor and ammonia into the air, could contaminate groundwater with pollutants, and
might present a health risk (Inbar et al. 1993). They can rarely be applied directly to
the soil since they might damage soil fertility severely (Senesi 1989), and result in
structural incompatibility, nitrogen immobilization, and phytotoxicity (Inbar et al.
1985). Some form of treatment of these wastes can make them suitable for land appli-
cation and for safe disposal into the environment.

Composting, generally defined as the biological aerobic transformation of an or-
ganic byproduct into a different organic product that can be added to the soil without
detrimental effects on crop growth (Baca et al. 1992), has been indicated as the most
adequate method for pre-treating and managing organic wastes (Godden et al. 1986;
Senesi 1989; Inbar et al. 1993; Eghball et al. 1997). In the process of composting, or-
ganic wastes are recycled into stabilized products that can be applied to the soil as an
odorless and relatively dry source of organic matter, which would respond more effi-
ciently and safely than the fresh material to soil organic fertility requirements. The
conventional and most traditional method of composting consists of an accelerated
biooxydation of the organic matter as it passes through a thermophilic stage (45° to
65° C) where microorganisms liberate heat, carbon dioxide and water (Dominguez et
al. 1997). However, in recent years, researchers have become progressively interested
in using another related biological process for stabilizing organic wastes, which does
not include a thermophilic stage, but involves the use of earthworms for breaking
down and stabilizing the organic wastes.

The ability of some earthworms to consume a wide range of organic residues such
as sewage sludge, animal wastes, crop residues, and industrial refuse has been fully
established (Mitchell et al. 1980; Edwards et al. 1985; Chan & Griffiths 1988; Har-
tenstein & Bisesi 1989). In the process of feeding, earthworms fragment the waste
substrate, enhance microbial activity and the rates of decomposition of the material,
leading to a composting or humification effect by which the unstable organic matter is
oxidized and stabilized. The end product, commonly termed vermicompost and obtai-
ned as the organic wastes pass through the earthworm gut, is quite different from the
parent waste material. Vermicomposts are finely divided peat-like materials with high
porosity, aeration, drainage, and water-holding capacity (Edwards & Burrows 1988).
They have a vast surface area, providing strong absrobability and retention of nutri-
ents (Shi-wei & Fu-zhen 1991). Vermicomposts contain nutrients in forms that are
readily taken up by the plants such as nitrates, exchangeable phosphorus, and soluble
potassium, calcium, and magnesium (Edwards & Burrows 1988; Orozco et al. 1996).
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Accordingly, vermicomposts should have a great potential in the horticultural and
agricultural industries as media for plant growth.

There are only few research studies that have examined the responses of plants to
the use or substitution of vermicomposts to soil or greenhouse container media (Chan
& Griffiths 1988; Edwards & Burrows 1988; Wilson & Carlile 1989; Mba 1996;
Buckerfield & Webster 1998). Most of these studies confirmed that vermicomposts
have beneficial effects on plant growth. Vermicomposts, whether used as soil additi-
ves or as components of horticultural media, improved seed germination and enhan-
ced rates of seedling growth and development.

Over the past three years, a comprehensive research program on vermicomposting
has been developed at the Ohio State University. This has included experiments inve-
stigating the effects of vermicomposts on the germination, growth, flowering, and
fruiting of vegetable plants such as bell peppers and tomatoes, as well as on a wide
range of flowering plants including petunias, marigolds, bachelor’s button, chrysan-
themums, impatiens, sunflowers, and poinsettias. A consistent trend in all these gro-
wth trials has been that the best plant growth responses, with all needed nutrients sup-
plied, occurred when vermicomposts constituted a relatively small proportion (10 %
to 20 %) of the total volume of the container medium mixture, with greater proporti-
ons of vermicomposts in the plant growth medium not always improving plant growth
(Subler et al. 1998). Some of the plant growth responses in horticultural container me-
dia, substituted with a range of dilutions of vermicomposts, were similar to those re-
ported when composts were used instead (Shiralipour et al. 1992; Sikora & Azad
1993).

However, composting and vermicomposting are quite distinct processes, particu-
larly concerning the optimum temperatures for each process and the types of micro-
bial communities that predominate during active processing (i.e. thermophilic bacte-
ria in composting, mesophilic bacteria and fungi in vermicomposting). The wastes
processed by the two systems are also quite different. Edwards and Burrows (1988)
reported that vermicomposts have a much finer structure than composts and contain
nutrients in forms that are readily available for plant uptake. There have also been re-
ports by Krishnamoorthy and Vajrabhiah (1986) and Tomato and Galli (1995) of pro-
duction of plant growth regulators in the vermicomposts. Therefore, we hypothesized
that there should be considerable differences in the performances and effects of com-
posts and vermicomposts on plant growth when used as soil amendments or as com-
ponents of horticultural plant growth media.

Materials and Methods

We conducted two separate greenhouse studies to compare how vermicomposts and composts
affect plant growth when used as substitutions in greenhouse container media or to soil. The ba-
sic chemical properties of all media used, the vermicomposts, and composts are summarized in
Table 1.

The first plant growth trial was conducted in the Horticulture Department Greenhouse at
the Ohio State University. In this trial, we compared the germination and growth of tomato
(‘Rutgers’) and marigold (‘Queen Sophia’) seedlings in a commercial horticultural plant gro-
wth medium (Metro-Mix 360, Scotts, Marysville, OH) substituted with two types of vermi-
composts (pig manure vermicompost and food wastes vermicompost) and two types of com-
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Table 1. Chemical properties of container media, vermicomposts and composts

Medium pH  Conduc- Total Organic Total Total MM NOs-N
tivity N C P K

(mmhos/cm} % Ho/g

Metro-Mix

360 5.9 1.35 0.43 31.78 0.15 1.59 93 77
Vermicomposts
Pig solids

(VC) 5.3 4.80 2.36 43.8 4.5 0.4 123 4525
Food wastes

(0S) 7.3 3.30 1.80 34.0 0.4 1.1 <14 665
Composts
Biosolids

(e3)) 7.6 4.50 3.70 62.0 1.7 0.6 5000 165
Leaf wastes

(LEAF) 8.0 1.75 1.16 35.3 0.2 0.6 32 188
Yard wastes

(YARD) 8.1 1.29 0.95 335 0.1 0.5 24 15
Bark wastes

(BARK) 7.1 0.34 0.81 70.3 0.2 0.3 18 187
Chicken

Manure

(co) 6.8 2.84 4.63 51.7 3.2 3.3 4637 321

posts (composted biosolids and leaf compost). Metro-Mix 360 is prepared from vermiculite,
Canadian sphagnum peat moss, bark ash and sand, and contains a starter nutrient fertilizer in
its formulation. The pig manure-based vermicompost was provided by Vermicycle Organics,
Inc. (Charlotte, North Carolina) and consisted of separated pig solids processed by earthworms
(Eiseniaspp.) in indoor beds. The food waste-based vermicompost was provided by Oregon
Soil Corporation (Portland, Oregon) and consisted of food wastes processed by earthworms in
a continuous-flow reactor. The biosolids compost, ‘Com-Til’, was provided by the city of Co-
lumbus (Ohio), and the leaf compost from Kurtz Bros., Inc. (Groveport, Ohio).

We germinated and grew tomato and marigold seedlings in 200 cell plug trays filled with
various mixtures of vermicomposts and composts, with Metro-Mix 360. The media mixtures
included Metro-Mix 360 as a control, Metro-Mix 360 substituted with 10% or 20% (by vo-
lume) respectively of either vermicomposts (vermicomposted pig wastes or vermicomposted
food wastes) or composts (biosolids or leaf composts). There were nine different container mi-
xes (Table 2), with four plug trays per mix. All trays were watered daily with 20-10-20
(150 ppm N) Peters Professional nutrient solution. Peters Professional is a water-soluble ferti-
lizer that is recommended for continuous liquid feed programs of plants, and contains all macro
and micronutirents that are essential for plant growth. The plants were sown and grown on for
four weeks. Five plants from each mixture were then harvested randomly 3, 7, 14, and 21 days
after germination. The average amounts of total leaf chlorophyll contents of plants in each mix-
ture was measured following Moran’s (1982) method, using N,N-dimethylformamide (DMF)
as the solvent to extract chlorophyll. The average dry shoot weight in each potting mixture was
also determined. Also as part of this study, we assessed the physiological profile of the micro-
bial community in each of the potting mixture, using direct incubation of dilutions of the pot-
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ting mixtures in BIOLOG GN plates containing 92 different carbon sources (Garland & Mills
1991). Some of these carbon sources, such as simple sugars, are readily utilized by many dif-
ferent microbial species, but other more complex substrates may only be broken down and uti-
lized by particular species. Therefore, the entire microbial community in a sample will be able
to utilize each individual substrate to a greater or lesser degree, depending on the overall spe-
cies composition and activity of the microbial community. It is then possible to take the sum of
all of the activities for the substrates and use it as an overall index of microbial activity in each
of the potting mixtures.

In the second plant growth trial conducted at The Ohio State University Research Center in
Piketon, we evaluated two vermicomposts and four composts as soil amendments in a pot ex-
periment growing raspberry plants. We grew ‘Heritage’ raspberry plants for three months in the
greenhouse in 4 L pots containing mineral soil substituted with 20% (by volume) of vermi-
compost (vermicomposted pig wastes or vermicomposted food wastes) or compost (leaf, yard
waste, hardwood bark, or chicken manure compost), or a combination of vermicomposts and
composts. The pig waste vermicompost, the food waste vermicompost and the leaf compost
were the same as the ones described in the growth study described earlier. The yard waste and
hardwood bark composts, similar to the leaf compost, were composted in windrows and obtai-
ned from Kurtz Bros., Inc. (Groveport, Ohio), while the chicken manure compost was obtained
from Nature Pure, Inc. (Mansfield, Ohio). Plants in both fertilized and unfertilized pots that re-
ceived no organic amendments served as controls. There were 12 different soil amendment
mixtures (Table 2) with three replicate pots per mixture. Raspberry plants were grown for three
months, then harvested and their total dry shoot weights measured.

Data were analyzed statistically by one-way ANOVA in a general linear model using SAS
(SAS Institute Inc. 1990). The means of all plant growth parameters for each potting mixture
at each growth stage were separated statistically using Tukey’s multiple range. Significance
was defined as€0.05.

Table 2. Potting mixtures used in the study

Treatment (Growth Trial 1) Symbol Treatment (Growth Trial 2) Symbol
Commercial potting medium Control unfertilized soil UNFERT

(Metro-Mix 360) MM Control fertilized soil FERT
Commercial potting medium plus: Soil plus:

10% vermicomposted pig soliddC10 20% vermicomposted pig solids VC
20% vermicomposted pig solidgC20 20% vermicomposted food wastes OS
10% vermicomposted food wast€sS10 20% composted yard wastes  YARD
20% vermicomposted food wast€s20 20% composted leaf wastes LEAF
10% composted biosolids CT10 20% composted hardwood barkBARK
20% composted biosolids CT20 1.0% composted chicken manureCC1
10% composted leaf wastes LC10 4.0% composted chicken manureCC5
20% composted leaf wastes LC20 20% vermicomposted pig solids + CC5
VCCC5
20% yard waste compost + CC5
YARDCC5
20% composted bark + CC%
BARKCC555
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Results

When the chemical properties of vermicomposts and composts were compared (Ta-
ble 1), we found that there was a tendency for the vermicomposts to have a slightly lo-
wer pH, lower concentrations of ammonium-nitrogen, and higher concentrations of
nitrate-nitrogen than many of the composts. However, overall, there was a considera-
ble overlap between both the nutrient content and the form of nutrients in vermicom-
posts and composts, making it hard to predict the potential plant growth responses to
these materials based solely on the results of such chemical analyses. To obviate the
nutrient effect, in the greenhouse study with tomato and marigold, all essential mine-
ral nutrients were supplied daily.

In the first growth study, the marigold seedlings grown in the potting mixtures with
20 % biosolids compost were damaged and were therefore excluded from the study. Dif-
ferences in the total leaf chlorophyll concentrations were observed only in the marigold
seedlings, and this difference occurred for only one week after germination (Fig.1). Ma-
rigold seedlings grown in container media with 10% or 20 % vermicomposted pig so-
lids or with 10 % vermicomposted food wastes, contained more chlorophyll than plants
grown in Metro-Mix control or any of the Metro-Mix/compost mixtures. However,
these differences tended to decrease as the plants grew. Three weeks after germination,
the shoot dry weights of marigold plants grown in potting media, substituted with either
vermicomposts or with biosolids composts, weighed more than the marigolds grown in
the Metro-Mix control (Fig. 2). On the other hand, the Metro-Mix/leaf compost mixtu-
res produced poorer marigold growth than the controls or any other potting mixture.

Tomato seedlings grown in the Metro-Mix/pig waste vermicomposts at the 10%
rate weighed significantly more, three weeks after germination, than the seedlings
grown in Metro-Mix alone and supplied with all needed mineral nutrients (Fig. 3).
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Fig. 1. Chlorophyll content of marigold leaves (mean + standard error) seven days af-
ter germination in a standard commercial potting medium (MM) substituted with

10% or 20% (by volume) of pig waste (VC) or food waste (OS) vermicomposts, or
biosolids (CT) or leaf (LC) composts, and supplied with all needed nutrients. Co-
lumns followed by the same letter are not significantly differencat@®
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Fig. 2. Shoot dry weights (mean + standard error) of marigold plants three weeks af-
ter germination in a standard commercial potting medium (MM) substituted with

10% or 20% (by volume) of pig waste (VC) or food waste (OS) vermicomposts, or
biosolids (CT) or leaf (LC) composts, and supplied with all needed nutrients. Co-
lumns followed by the same letter are not significantly differencat@®

Potting mixtures containing 10 % food waste vermicompost or 20 % pig waste vermi-
compost increased the dry shoot weights of tomato seedlings only slightly, compared
to the Metro-Mix control, whereas both concentrations of the leaf compost reduced
the shoot dry weights of the seedlings. The greatest shoot dry weight increase, among
all the Metro-Mix/amendment mixtures, occurred with the substitution of 10% and
20 % biosolids compost.

All potting mixtures containing vermicomposts had a significantly greater cumu-
lative microbial activity than the Metro-Mix control, or any of the compost-containing
mixtures (Fig. 4).

The growth of raspberry plants differed significantly among the different soil mix-
tures used (Fig. 5). The shoots of plants grown in soil substituted with pig waste ver-
micompost were as big as those grown in soil that had received a complete fertilizer
treatment, and weighed significantly more (1.8 times) than those in the unfertilized
control soil. Mixtures of soil with food waste vermicompost or with 1% chicken
manure compost had much smaller effects on plant growth, to a level similar to those
grown in the unfertilized control soil. Amendments of soil with 20% yard, leaf, or
bark composts resulted in poorer plant growth compared to the unamended, unfertili-
zed control soil. Although the addition of small quantities of chicken manure compost
(1% by volume) to the soil had little effect on raspberry plant growth, incorporation
of larger quantities (4 % by volume) of chicken manure compost into the soil had a de-
trimental effect on the plants. This deleterious effect of large concentrations of
chicken manure compost was diminished considerably when the chicken manure
compost was mixed with 20 % vermicomposted pig manure, but not when mixed with
yard wastes compost or bark wastes compost. Plants in pots containing vermicompo-
sted pig solids with 4% composted chicken manure grew as well as the plants in the
unfertilized control soil (Fig. 5).
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Fig. 3. Shoot dry weights (mean + standard error) of tomato plants three weeks after
germination in a standard commercial potting medium (MM) substituted with 10 % or

20 % (by volume) of pig waste (VC) or food waste (OS) vermicomposts, or biosolids

(CT) or leaf (LC) composts, and supplied with all needed nutrients. Columns followed

by the same letter are not significantly different=®.B5
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Fig. 4. Microbial activity index (mean + standard error) in a standard commercial
potting medium (MM) substituted with 10% or 20% (by volume) of pig waste (VC)
or food waste (OS) vermicomposts, or biosolids (CT) or leaf (LC) composts. Columns
followed by the same letter are not significantly different<.85
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Fig. 5. Shoot dry weights (mean * standard error) of raspberry plants grown for three
months in soil mixed with vermicomposts (VC = vermicomposted pig solids; OS =
vermicomposted food wastes; VCCC5 = vermicomposted pig solids plus 4 % compo-
sted chicken manure) or composts (YARD = composted yard wastes; LEAF = com-
posted leaf wastes; BARK = composted hardwood bark; CC1 = 1% composted
chicken manure; CC5 = 4% composted chicken manure; YARDCCS5 = yard compost
plus 4% composted chicken manure; BARKCCS5 = bark compost plus 4 % composted
chicken manure). Unfertilized (UNFERT) and fertilized (FERT) soils served as con-
trol. Columns followed by the same letter are not significantly differertc@iOB

Discussion

These experiments, together with others reported in the literature, demonstrate that
vermicomposts have considerable potential for improving plant growth significantly,
when used as components of horticultural soil or container media. Nevertheless, there
appear to be major differences between the effects of the vermicomposts and com-
posts that were used in our study, in terms of their influence on plant growth, depen-
ding upon the source of the parent waste material used in their production. These dif-
ferences in growth responses could be due in part to fundamental differences between
the composting and vermicomposting processes which use quite different microbial
communities, with composting tending to result in the release of mineral nitrogen in
the ammonium form, whereas vermicomposting releases most of the nitrogen in the
nitrate form (Edwards & Burrows 1988), the form readily available for plant uptake.

From the experiments that we have described here, the addition of pig waste ver-
micompost consistently outperformed the addition of most of the composts, with the
exception of biosolids compost, and other vermicomposts that we have investigated in
terms of its ability to enhance plant growth. Incorporation of 10% or 20% vermi-
composted pig solids into a standard commercial horticultural potting medium (Me-
tro-Mix 360) enhanced the growth of marigold and tomato seedlings significantly as
compared to the Metro-Mix 36 alone, even when all required mineral nutrients were
supplied.

Many factors, which impact plant growth, could be responsible for the enhanced
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plant growth after substituting the container medium with the pig solids vermicom-
post or with the composted biosolids. Goh and Haynes (1977) reported that plant gro-
wth is generally optimized when the pH is between 5.0 and 6.5. The vermicomposted
pig solids had a pH of 5.3, whereas the food waste vermicompost and all the composts
used had an alkaline pH (between 6.8 and 8.1). It is possible that the high pH of these
materials have raised the pH of the container medium to a degree proportional to the
amount of vermicompost or compost incorporated (Gallardo-Lara & Nogales 1987),
resulting in a reduced plant growth as compared to that in media with vermicompo-
sted pig wastes. The improvements in plant growth could also be due to differences in
the mineral element contents of the substrates, vermicomposts, and composts. Vermi-
composted pig solids contained large concentrations of nitrates, thus increasing plant
growth significantly to a level comparable to that of fertilized soil in the raspberry
study. Composted biosolids also contained high levels of ammonium, resulting in a
large increase in the growth of tomato plants in the greenhouse container medium
study. The decline in plant growth upon substitution of the soil or container medium
with yard, leaf, and bark composts, could possibly be related to the stability or matu-
rity of these composts, rather than their mineral nutrient content. Saviozzi et al. (1988)
reported that organic wastes, in order to be compatible with agricultural uses and to
avoid adverse effects on plant growth, have to be transformed into a humus-like ma-
terial and be sufficiently stabilized. The detrimental effect of large concentrations of
chicken manure compost on the growth of raspberry plants was probably due to the
high ammonium content in the chicken manure, which severely burned the plant
roots. What is of interest was the ability of vermicompost, but not any of the com-
posts, to diminish this detrimental effect. This indicates that the vermicompost did not
have a diluting effect. Rather, it has some beneficial buffering capability such as en-
hancing nitrification, associated with increased microbial activity, which could have
ameliorated the plant damage caused by excess chicken manure compost.

Although this study focuses more on the effects of vermicomposts and composts
on plant growth rather than on the causes leading to these effects, our results showed
distinct differences in the activity of the microbial communities in container media to
which either vermicomposts or composts have been added. This may be a conse-
guence of the very different biochemical processes that lead to the production of ver-
micompost and compost. The active phase of composting being characterized by ther-
mophilic bacteria, whereas the active phase of vermicomposting is characterized by
mesophilic bacteria and fungi which are stimulated by the activity of earthworms. It is
therefore possible that the differences in plant growth between vermicomposts and
composts may not simply be a function of the differences in their nutritional content,
especially in the first greenhouse study with all treatments supplied daily with all nee-
ded mineral nutrients. It seems probable that there are other inputs, such as increased
enzymatic activity and the presence of beneficial microorganisms or biologically ac-
tive plant growth influencing substances, that might be involved (Grappelli et al.
1987; de Brito Alvarez et al. 1995; Tomati & Galli 1995).

In conclusion, vermicomposts have the potential for improving plant growth when
added to greenhouse container media or soil. The optimal plant growth in our study,
which was conducted only over a short period of time, was in pots containing pig
manure vermicompost or composted biosolids. Our results also showed distinct diffe-
rences between specific vermicomposts and composts in terms of their nutrient con-
tents, the nature of their microbial communities, and their effects on plant growth. We
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have current research studies investigating more in depth the differences between ver-
micomposts and composts, and looking into the mechanisms by which both vermi-
composts and composts can influence plant growth responses.
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