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Abstract

Organic fertilizer has long been recognized in agriculture for maintaining soil fertility and used for maximizing
plant growth and yield of plants. Vermicompost: organic fertilizer is now becoming an interesting approach and
proven to be effective means of improving soil structure, enhancing soil fertility and increase crop yield. Plants
growth is highly stimulated by vermicompost; because it contains the nutrients and other essential nutrients like
phosphorus and potassium.Vermicompost can increase growth, flowering and yields of vegetable and ornamental
crops, even in a small rate. The effects of vermicompost on plants are not solely attributed to the quality of mineral
nutrition is provided but also to its other growth regulating components such as plant growth hormones and humic
acids.
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1. Introduction

The negative effects of chemical fertilizers and pesticides have shifted the interests of researchers towards use of
organic fertilizer like vermicompost which can increase the production of crops and prevent them from harmful
pests without polluting the environment (Joshi et al, 2014). Vermicompost are products derived from the
accelerated biological degradation of organic wastes by earthworms and microorganisms. Earthworms consume
and fragment the organic wastes into finer particles by passing them through a grinding gizzard and derive their
nourishment from microorganisms that grow upon them. The process accelerates the rates of decomposition of the
organic matter, alter the physical and chemical properties of the material, leading to a humification effect in which
the unstable organic matter is fully oxidized and stabilized (Orozco et al., 1996). The end product commonly
referred to as vermicompost is greatly humified through the fragmentation of the parent organic materials by
earthworm sand colonization by microorganisms (Edwards and Neuhauser; Edwards, 1998).

Vermicompost are rich in bacteria, actinomycetes, fungi and cellulose-degrading bacteria (Werner and
Cuevas, 1996). Tomati ef al. (1983) reported that earthworm castings, obtained after sludge digestion, were rich
in microorganisms, especially bacteria. Nair et al. (1997) compared the microorganisms associated with
vermicompost with those in traditional composts. The vermicompost had much larger populations of bacteria (5.7
x 107), fungi (22.7 x 104) and actinomycetes (17.7 x 106) compared with those in conventional composts.
Vermicompost are finely-divided mature peat-like materials with a high porosity, aeration, drainage and water-
holding capacity and microbial activity which are stabilized by interactions between earthworms and
microorganisms in a non-thermophilic process (Edwards and Burrows, 1988).

Vermicompost contains most nutrients in plant in available forms such as nitrate, phosphates and
exchangeable calcium and soluble potassium (Orozco, 1996). Vermicompost prepared from animal waste sources,
usually contained more mineral elements than commercial plant growth media, and many of these elements were
changed to forms more that could be readily taken up by the plants, such as nitrates, exchangeable phosphorus,
and soluble potassium, calcium, and magnesium (Edwards and Burrows, 1988). Similarly, Orozco ef al. (1996)
reported that coffee pulp, increased the availability of nutrients such as phosphorus, calcium and magnesium, after
processing by Eisenia fetida.

Joshi et al. (2014) described vermicompost as an excellent soil amendment and a biocontrol agent through a
number of studies along with the reasons which make it the best organic fertilizer and more eco-friendly as
compared to chemical fertilizers. Therefore, the objective of this paper is to review the response of plants to the
application of vermicompost.

2. Literature Review

2.1. Characteristics of vermicompost

Adhikary (2012) defined vermicompost as the excreta of earthworm which are capable of improving soil health
and nutrient status. Vermicompost is a process by which all types of biodegradable wastes such as farm wastes,
kitchen wastes, market wastes, bio-wastes of agro based industries, livestock wastes etc. are converted while
passing through the worm-gut to nutrient rich vermicompost. Vermicompost is an excellent soil additive made up
of digested compost. It has higher nutritional value than traditional composts. This is due to increased rate of
mineralization and degree of humification by the action of earthworms (Albanell e al. 1988). Furthermore, it has
high advantage in increasing soil fertility by improving soil physical characteristics. This is because vermicompost
has high porosity, aeration, drainage, and water-holding capacity (Edwards and Burrows 1988). Nutrients such as
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nitrates, phosphates, and exchangeable calcium and soluble potassium in plant-available forms are also present in
vermicompost (Orozco et al. 1996). In addition to this the author indicated that vermicompost increased N
availability, C, P, K, Ca and Mg availability in the casts are found (Orozco et al. 1996).

2.2. Vermicomposting process

Vermicomposting is a decomposition process involving the joint action of earthworms and microorganisms (Aira
et al. 2000). Microorganisms, particularly earthworms are used to enhance the process of waste conversion and
produce a better product (Adhikary, 2012).

2.3. Nutrients in vermicompost

Vermicompost is an excellent soil additive made up of digested compost. Worm castings are much higher in
nutrients and microbial life and therefore, are considered as a higher value product (Adhikary, 2012). Worm
castings contain up to 5 times the plant available nutrients found in average potting soil mixes. Chemical analysis
of the castings was conducted (Ruz, J. et al, 1992) and found that it contains 5 times the available nitrogen, 7 times
the available potash and 1.5 times more calcium than that found in 15 cm of good top soil. In addition, the nutrient
life is up to 6 times more in comparison to the other types of potting mixes. It is reported that phosphorous while
passage through gut of worms is converted to the plant available form (Reinecke, A., et al. 1992.). Phosphorous is
usually considered as a limiting element for plant growth. Therefore, any process that significantly increases
phosphorous availability through plants and organic matter will be very important for agriculture. The average
potting soil mixes that is found in the market are usually sterile and do not have a microbial population. The
combination of nutrients and microbial

2.4. Effect of vermicompost on plants

Plants growth is highly stimulated by vermicompost; because it contains the nutrients and other essential nutrients
like phosphorus and potassium (Fernandez, L. et al., 2010). A number of field experiments have reported positive
effects of even low application rates of vermicompost to crops (Norman and Clive, 2005). In tomato and okra
vermicompost has increased the yield effectively (Suthar, S., 2010). Similarly, Sallaku et al., 2009 showed relative
growth rate of cucumber (Cucumis sativus) seedlings was found to be significantly higher due to the application
of vermicompost. Many studies also showed that combined application of vermicompost with the recommended
inorganic fertilizer can increased yield in most crops. Tomato showed increment in yield with combined
applications of vermicompost and 50% of the recommended inorganic fertilizers (Kolte et al., 1999). Arancon
et .al. (2002) reported significantly increased growth and yields of field tomatoes and peppers when vermicompost
applied to field plots at rates of 20 t/ha and 10 t/ha and at rates of 10 t/ha and 5 t/ha compared with those receiving
equivalent amounts of inorganic fertilizer. Ushakumari et al. (1999) reported that the yields of okra increased with
the application vermicompost at the rate of 12 t/ha together with 100% or 75% of the recommended fertilizer.
Similarly, Athani ef al. (1999) demonstrate that vermicompost applied at rates of 2 kg/plant together with 75% of
the recommended rate of inorganic fertilizers, promoted shoot production of bananas. A lower application rate of
2t/ha vermicompost plus recommended amounts of inorganic fertilizers, increased tomato yields to a level similar
to those of tomatoes in soils treated with 4 t/ha vermicompost and 50% of the recommended rates of inorganic
fertilizers (Patil ez al., 1998). Potatoes produced the greatest marketable yields after amending the soils with 75%
of the recommended inorganic fertilizers and 2.5 t/ha vermicompost (Mrinal et al., 1998). Sunflowers gave most
after soil treatments with 50% of the recommended application rates of inorganic fertilizer and 5t/ha or 10t/ha of
vermicompost (Devi ef al., 1998). Peas increased yields and production after amending soils with 100% of the
recommended application rate of inorganic fertilizers, in combination with vermicompost produced from farm
manures applied at rates of 10t/ha to soils (Ramachandra ef al., 1998). Zende et al. (1998) reported increased yields
of sugarcane after amending soils with vermicompost at rates of St/ha together with 100% of the recommended
application rate of inorganic fertilizers.

Studies reported better yield and growth in wheat crops applied with vermicompost. Yield of wheat was
improved by more than 40% by the application of vermicompost fertilizer (Palanisamy, S., 1996). Studies made
on the agronomic impacts of vermicompost on rice crops (Oryza sativa) reported greater population of nitrogen
fixers, actinomycetes and mycorrhizal fungi inducing better nutrient uptake by crops and better growth (Kale, R.D.,
etal. 1992).

2.5. Physico-chemical changes in soils in response to vermicompost applications

The improvements in growth and yields of crops grown in potting media in greenhouses or in field soils that had
been substituted or amended with vermicompost could be attributed to several factors. Vermicompost contribute
to improvements in physico-chemical and biological characteristics of the planting media or field soils that favored
better plant growth. However, the changes in pH reported contrasted with those from the work of Tyler et al.
(1993) who reported increases in substrate pH in response to increasing concentrations of composted turkey litter
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added to a plant container medium. Electrical conductivity in pig manure vermicompost increased linearly as a
result of increasing salt concentration (Atiyeh et al., 2001a, b).

Amounts of soil N, P and K increased significantly after incorporating vermicompost into soils (Venkatesh
etal., 1998, Sreenivas et al., 2000). In soils planted with strawberries, the amounts of total extractable N, microbial
biomass N and dissolved organic N were statistically similar, between all treatments at the end of the growth cycle
of strawberries but there were more orthophosphates in those soils that received vermicompost treatments than in
soils treated with inorganic fertilizers. Maheswarappa et al. (1999) reported increased amounts organic carbon,
improvements in pH, decreased bulk density, improved soil porosities and water-holding capacities, increased
microbial populations and dehydrogenase activity of soils in response to vermicompost treatments.

2.6. Plant growth regulator production in vermicompost

There is a very substantial body of evidence demonstrating that microorganisms, including bacteria, fungi, yeasts,
actinomycetes and algae, are capable of producing plant growth hormones and plant growth regulators (PGRs)
such as auxins, gibberellins, cytokinins, ethylene and abscisic acid in appreciable quantities (Arshad and
Frankenberger, 1993). There have been many studies of the production of plant growth-regulating substances by
mixed microbial populations in soil, but there are relatively few investigations into their availability to plants, and
persistence and fate in soils or documenting reliably their effects on plant growth (Arshad and Frankenberger,
1993).

Norman and Clive (2005) reviewed that PGRs can be taken up by plants from soil in sufficient quantities to
influence plant growth. It was shown that auxins produced by Azospirillum brasilense could affect the growth of
graminaceous plants (Kucey, 1988). Gibberellins can also influence plant growth and development (Arshad and
Frankenberger, 1993). Increased vigor of seedlings has been attributed to microbial production of cytokinins by
Arthrobacter and Bacillus spp in soils (Jagnow, 1987). Since the process of vermicomposting increases microbial
diversity and activity, it is possible that vermicompost could be a definitive source of plant growth regulators
produced by interactions between microorganisms and earthworms, which could contribute significantly to
enhancement of plant growth, flowering and yields. The presence of plant growth regulating substances in the
tissues of Aporrectodea caliginosa, Lumbricus rubellus and Eisenia fetida was confirmed by Nielson (1965) who
isolated indole substances from earthworms and reported increases in growth of peas due to the earthworm extracts.

Vermicompost originating from animal manure, sewage sludges or paper-mill sludges have all been reported
to contain large amounts of humic substances (Senesi et al., 1992; Garcia et al., 1995; Masciandaro et al., 1997,
Elvira et al., 1998). Studies of the effects of humic substances on plant growth, under conditions of adequate
mineral nutrition, have consistently produced in positive growth effects (Chen and Aviad, 1990).

2.7. Suppression effect of vermicompost

Shakir and Mikhal (2004) reported that vermicompost can suppress the incidence of plant pathogens such as
Pythium, Rhizoctonia and Verticillium significantly, by general or specific suppression mechanisms. They also
demonstrated that vermicompost applied to soils have considerable influence on the trophic structure of nematode
populations, significantly suppressing plant parasitic species populations. Greenhouse experiments have shown
that low substitutions of vermicompost into soil-less plant growth media can decrease the amounts of feeding and
damage by sucking pests such as aphids and mealy bugs and chewing pests such as caterpillars.

Studies showed organic amendments can suppress plant diseases (Lazarovitis et al., 2000 and Fikre et al.,
2001). Nkamura (1996) reported suppression of Plasrnodiophara brassicae, Phytophthora nicotianae (tomato late
blight), and Fusarium lycopersici (tomato fusarium wilt) by vermicompost. Szczech (2002) reported suppression
of Fusarium lycopersici, as well as Phytophthora nicotianae on tomatoes, by vermicompost. Rodriguez et al. (2000)
demonstrated general suppression of fungal diseases of gerbera plants such as Rhizoctonia solani, Phytophthora
drechsleri and Flisarium oxysponlm by the incorporation of vermicompost into the growth media. Studies by
Nakasone et al. (1999) showed that aqueous extracts of vermicomposts inhibited the mycelial growth of Botrytis
cinerea, Sclerotinia sclerotiorum, Corticium rolfsii, Rhizoctonia solani and Fusarium oxysporum.

2.8. Effect of vermicompost on plant diseases

Many studies have demonstrated the effectiveness of vermicompost in providing protection against various plant
diseases (Chaoui, 2002; Arancon, 2002). Various studies have demonstrated the effectiveness of vermicompost in
providing protection against various plant diseases (Moradi ef al., 2014). In vermicomposting the active
component involved in the biodegradation and conversion process during composting is the resident microbial
community, among which fungi play a very important role (Wiegant, 1992).

3. Summary and Conclusions

The use of organic matter such as animal manures, human waste, food wastes, yard wastes, sewage sludge and
composts has long been recognized in agriculture as beneficial for plant growth and yield and the maintenance of
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soil fertility. Vermicomposting, the new approaches to the use of organic amendments in farming have proven to
be effective means of improving soil structure, enhancing soil fertility and increasing crop yields.

Vermicompost can increase growth, flowering and yields of vegetable and ornamental crops, even in a small
rate. The effects of vermicompost on plants are not solely attributed to the quality of mineral nutrition is provided
but also to its other growth regulating components such as plant growth hormones and humic acids. Furthermore,
the application of vermicompost in the field enhances the quality of soils by increasing microbial activity and
microbial biomass which are key components in nutrient cycling, production of plant growth regulators and
protecting plants soil-borne disease and arthropod pest attacks.
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