
Vermiculture

Booklet No. 429

 Sustainable Agriculture: SAS - 2

Contents

Preface 

I. 
Introduction 

II. 
Earthworms Taxonomy 

Ill. 
Earthworms -Soil Improvement 

IV. 
Earthworms -Water Management 

V. 
Earthworms -Pest Management 

VI. 
Earthworms -Wasteland Management  

VII. 
Effect of Land use Practices on Earthworms 

VIII. 
Vermi composting 

IX. 
Successful Application of Vermiculture 

X. 
Conclusion 

Preface

The present level of use of chemical fertilizers and pesticides is harmful to ecological balance and sustainable use of natural resources. So, on realizing the utility of earthworms in agriculture, a beginning has been made in our country in vermiculture which aims at natural farming. Vermiculture is the culturing of earthworms. They are beneficial to agriculture as they continuously plough the soil, makes the soil porous and adds nutrient rich vermicastings to soil. Hence, they are rightly called as "friends of the farmers". This booklet deals with entire vermiculture biotechnology.

Dr. K. T. Chandy, Agricultural & Environmental Education 

I. Introduction

The growth in agricultural production has to be consistent. This becomes possible when soil is maintained in good health. The prime factor that influences the soil health is its organic matter content. The organic fraction of cultivated soil is under constant threat of depletion due to inadequate replenishment. Organic matter is the soul of the soil which on decom- position releases nutrients. The nutrients can also be added by fertilizer application. But due to their residual effects continuous application of fertilizers alone is not recommended. The alternative method is to go for organic farming. As organic manures contain low nutrient contents and slow in releasing the same, an integrated nutrient system is recommended. At the same time, other factors of ecological farming such as green manuring, bioinoculants or bio-fertilizers, vermiculture are also recommended.

For all the inhabitants of soil like micro-organisms, fungi, bacteria, algae, earthworms, lichens, nitrogen fixers etc. organic feed or organic component is essential for their growth and multiplication. Among the living organisms in soil, earthworm is such an organisms which not only improves the soil condition but also reduces the fertilizer requirement. Vermiculture is a science dealing with earthworms. This booklet mainly focuses and describes the functions of earthworms, vermin-composting and advantages of vermiculture from small and marginal points of view.

II. Earthworms-Taxonomy 

Earthworms belong to the Phylun Annelida. They have segmented bodies with chitinous bristles. The body is usually coloured red or pink due to the hemoglobin in the worm's blood and long and cylindrical. They have no special breathing organs. Oxygen is absorbed and waste gases are eliminated by diffusion through the skin from a network of fine blood vessels just below the skin surface. The surface moisture is an important aspect as it helps not only in exchange of respiratory gases but also for the smooth movement in the soil. A wave of contraction and expansion of longitudinal muscles helps the earthworm in its locomotion.

The digestive system in the earthworm runs from the mouth to anus at the hind end and the enzymes in the stomach of its digests the food. The other characteristic feature of the digestive system is that it promotes the growth of micro-organisms in the gut. After the digestion it excrets castings which are rich in vitamins, enzymes, antibiotics and growth hormones.

The role of earthworm in maintaining the soil health is described in the following headings.

III. Earthworms and Soil Improvement

Earthworms have a special importance in soil improvement processes. They participate and involve in the soil-forming processes by influencing the pH, physical decomposition, humus formation, thus in the improvement of soil structure. Their activity is mostly in the upper layers of the soil, i.e. 15-35 cms of surface soil. The activities of earthworms which helps in soil improvement are their locomotion and digestion processes.

While in locomotion, earthworm makes burrows by pushg the soil particles. If no suitable space is available to push the head into, it swallows the soil and makes the space. The soil that is taken in by the worm passes through the digestive system and is excreted as vermi castings. These castings contains excreta. Earthworm cocoons and undigested soil. As they involve in the digestion process, they come out with enriched nutrient content that improve the soil fertility and the soil productivity. Thus, the earthworms not only helps in improving the soil fertility but also mixes the soil thoroughly while in movement which adds porespace also. The vermicastings contains 2.5% N, 2.9% P and 1.4% Potash. There are several evidences of extensive earthworm activities.

When it excretes, the intestinal contents of these worms also comes out which are neutral to slightly alkaline in pH or soil reaction. At this pH, bacterial activity is enhanced. If the bacterial activity is more, the more complex organic compounds can be converted to humus. Thus, the presence of earthworms creates neutral to slightly alkaline pH in the soil and this favours the bacteria, than soil fungi which survives in an acidic pH.

The physical decomposition of soils will be resulted in the gut of earthworms result in the pulverization of soil. This pulverization of the soil particles in the gut of the digestive system creates more surface area on the soil particles. Increased surface area is beneficial to micro-organisms for further decomposition and soil forming process.

Another characteristic feature is the presence of enzyme 'cellulose' in the intestine of earthworms. The very process of humus formation involves breakdown of celluloses into simple sugars like glucose, galactose, mannose etc. and various organic acids, amino acids etc. So, the enzyme cellulose can play a very active role in humus formation and hence the earth- worms have a significant role in the humus formation.

The physical pulverization of organic particles, the amelioration of soil pH and enhancement of microbial decomposition activity are the resultant of earthworm activity in the soil. All these processes are carried out by earthworms contributing to soil fertility. The process of burrowing helps in the ingestion of organic and mineral particles and formation of organic- mineral complexes. Thus, they create electrostatic bonds between negatively charged organic particles and positively charged cations such as calcium. Organo-mineral crumbs thus formed are stable and are resistant to leaching. This improves the soil structure.

Structural improvement is further enhanced by the creation of burrow systems. While burrowing they mixes the soil and the casts on the surface will be taken to the deeper parts of the profile and vice-versa. Deep burrowing species of earth-worms makes this process easy. Even the organic crumbs will be drawn into their burrows of mineral soil from the soil surface. This process also prevents the surface accumulation of acid humus. It will promotes the dispersion of finely decomposed humus down the profile enriching the deeper layers of soil. Thus, thorough mixing of soil is done by these species. The amount of soil brought by an earthworm biomass of one tonne per hectare to the surface by casting is about 100 tonnes per ha per year. The soil that passes through the earthworm gut is six to ten times richer in nitrogen, phosphorus and other micro-nutrients.

A comparison of various characteristics of the soils rich in vermicastings and the normal soil are given in table 1.

Table 1:  Comparative characteristics of earthworm casts and normal soils

	Sl.No
	Characteristics
	Earthworm cast
	Normal soil

	1
	Soil & clay (%)
	38.80
	22.20

	2
	Bulk density (Mg/m3)
	1.11
	1.28

	3
	Structural stability (a)
	849.00
	65.00

	4
	Cation Exchange capacity (cmols/kg)
	13.80
	3.50

	5
	Exchangeable calcium (cmols/kg)
	8.90
	2.00

	6
	Exchangeable Potassium (cmols/kg)
	0.60
	0.20

	7
	Soluble phosphorus (ppm)
	17.80
	6.10

	8
	Total nitrogen (%)
	0.33
	0.12


Symbols used in the table

% 

-Percentage

Mg/m3 
-Mega grams per meter cube

a 

-Number of raindrops required to destroy structural aggregates

cmoles/kg 
-Centimoles per kilogram

ppm 

-parts per million

In acid forests, an average of one to few earthworms are found per square metre while in rich grassland soils, more than 500 per square meter are recorded. In arable soils, they range from 30-300 per sq. mt. which is equal to a live-weight or biomass of 1.0-1100 kg per hectare.

Soil enrichment

Soil enrichment is achieved by speeding up of several soil formation processes.

The mechanisms or processes that leads to soil enrichment are mostly lead by earthworms which are as follows:

1. The physical mixing of the soil and mineralisation of organic matter will be spread by earthworms. The decomposition of organic matter will speed up at least 2-5 times by these animals.

2. When organic wastes pulverizes in the gut of these worms the surface area is increased.

3. Ingestion removes inactive (senescent) bacterial colonies and stimulates new bacterial growth.

4. The excreta of the worms contains nitrogenous matter

which enriches the soil.

5. The locomotion or burrowing activity of earthworms enhances the oxygen penetration. 

6. Enhanced microbial mineralisation releases plant mineral nutrients.

7. By the earthworm -micro floral interaction, it was found out that several important compounds like vitamin B12 and plant growth hormones (gibberllins) could be produced.

IV. Earthworms. Water Management

In a field of one hectare, if 0.2-0.5 million of earthworms are there, they make permanent, structurally stable burrows in the soil which can go even up to 3 metres deep in the soil. These stable burrows act as micro-dams and they can prevent run-off and erosion during a heavy spell of rainfall. This network of burrows may range from 0.5-1 million per hectare in number and allow water infiltration up to a depth of 120 mm per hectare.

The vermin-castings that are excreted by worms are granular and also structurally stable on the soil surface. Either in dry condition or in wet condition. These castings don't disintegrate into micro-particles, resulting in little loss of soil due to wind and water. If at all, run-off is there the water will be clear and do not carry any soil particles. Besides this, being granular in nature, castings promotes porosity, water absorption capacity and thus water holding capacity.

Earthworms acts as bio-pumps. In earthworms the moisture stored at a considerable depth of soil and is brought to the upper layers by the worms themselves. And also during the organic matter decomposition, they release slowly available biological water which is efficiently utilized by the roots.

V. Earthworms- Pest Management

A healthy soil is characterized by having a balanced population of both beneficial micro floral and burrowing earth-worms. Almost all the insects and pathogens attacks the nutritionally weaker plants. The casts of earthworms provide balanced nutrition to plants and thus giving them resistance to pests and diseases.

VI. Earthworms -Wasteland Management

Presence of earthwoms in the field can be well utilized in handling various non-toxic organic wastes. These worms maintain aerobic conditions in the soil and influence complete waste stabilization with soil micro flora, which release the plant nutrients and other valuable compounds like vitamins, antibiotics, growth homlones etc.

In the absence of earth worms the same organic matter may result in the formulation of foul-smelling compounds such as hydrogen sulphide agmatine, phytotoxins and soil pathogens as the decomposition takes place in anaerobic conditions.

VII. Effect of Land-use practices on earthworms

Land-use practices like tillage, mulching, irrigations, application of fertilizers have a direct effect on the survival of earthworms. The way they affect their population is given in detail here.

A. Tillage

Normal tillage practices like ploughing, hoeing, harrowing etc. reduces tile earth worms population. This is due to the mechanical damage by tillage implements and also loss of surface organic matter which leads to a reduced supply of food to earthworm. Minimum tillage in which crop residues are left on the surface and the soil below is sub-tilled encourages the earthworm population. Zero cultivation in perennial crops also promotes earthworms.

B. Mulching 

Mulching which mainly serve the purpose of maintaining soil temperature and reducing the evaporation from the soil also provide food for earthworms. So, if straw or compost are spread on soil surface, they provide nutrients to soil as well as earthworms. As population increases, this activity also increases which leads to more porosity, more surface casts and release of greater quantities of plant nutrients to soil. Adaptation of mulching and control of soil moisture thus increases the activity of earthworms to such an extent they can replace the conventional cultivation practices to some extend. Soil cover or mulching is important in maintaining a high earthworm population. If soils are not insulated sudden frost may will kill many earthworms before they can move to the lower profile.

C. Irrigations

As moisture is the main criteria for the survival of earth-worms irrigation aspect is very important. It has already been mentioned that soil surface moisture is necessary for respiratory gaseous exchange of earthworms and also for this smooth movement. If soil moisture is lost, they cannot live in dry conditions. Hence, along with irrigation mulching practice also leads to high population of these worms.

D. Chemical fertilizers

Soil application of. chemical fertilizers is harmful to earth- worm population. The fertilizer particles may burn their skin and even cause dehydration. They move restlessly in order to get rid of these particles.

If the applied fertilizer has a residual acidic action, it reduces the worm population as they mostly prefer neutral to alkaline conditions. Fertilizers like ammonium sulphate, nitrate, phosphate, and urea are acidic in nature. So, long-term application of these fertilizers should be avoided.

Biocides also, when applied to soil are harmful to these worms. They should be substituted with safer alternatives such as ecological control of insects, diseases and weeds. Safer herbal sprays can be used when the earthworm population is being built up.

VIII. Vermi composting

The use of earthworms for compo sting organic residues is "vermicomposting". They are considered as super composters. For composting the earthworms which are to be introduced into the compost pits, should be reared first and the actual process of composting starts when they are released into the organic residues or wastes to be composted

A. Rearing of earthwonns

Selection of proper species is very important Only few species are able to adjust to a particular type of environment and survive. Species like Lumbricus rubellus or Perionyx excavator are suitable and they can be reared and multiplied in shallow and they can be reared and multiplied in shallow wooden boxes. The size of the box may be 45 x 60 x 20 crns and should have drainage hole to avoid excess moisture. In the field also, on raised beds of 200 cm wide x 600 cms long, these worms can be reared. To drain out excess water it is necessary to raise the centre of the beds.

The earthworms can be fed with chaffed wheat straw, soyabean straw mixed with cow dung : sawdust, cereal straw, rice husk moistened with water. These bedding material should be well fermented before placing in the boxes or beds. It should be sufficiently loose so that earthworms can burrow and be able to retain moisture. As far as possible a pH of neutral value and a temperature of 20-27°C are to be maintained. Below and  above this temperature, they may hibernate or aestivate. The boxes or beds are to be covered with some wooden top with small openings as already mentioned, create sufficient darkness under which they work better. Under congenial conditions they breed very fast An attempt should be made to get a population of 10,000 earthworms in a pit of 3 metre square.

B. Composting

The breeder worms, now, should be transferred to compost pit where actually decomposition has to take place. The rural organic wastes like crop residues, animal manure, green weeds, leaves etc. can be kept in pits measuring about 3 x 4 x 1 mts deep. The pit should be lined with a suitable material like old animal feed scales in order to avoid the escaping of worms into the surrounding soil.

These residues should be covered by soil and kept moist. As worms cannot withstand water logging, drainage of excess water should be properly arranged. The breeder worms should be emptied into these pits. They can be picked up by hand. In order to facilitate easy burrowing of the introduced earth- worms, one or two spots on the heap are well watered and worms are to be placed on these dampened spots. The compost pit can be left for two months. Sprinkling of water is necessary in order to keep the heap moist. Frequent turnings of the heap is not necessary as the earthworms themselves by their movement mixes the compost well.

Within two months, about 10 kg of castings are produced per kg of worms. The earthworms can be hand picked or can be sieved for their further use for compo sting in other pits. Otherwise, the compost pit may be excavated up to two thirds depth and again fresh organic wastes can be added to the same for decomposition. The earthworms that are present carryout the process. The compost can be dried in the sun and sieved to give a good quality compost. The average nutrient content of the vermicomposted soil contains 1.6% nitrogen, 2.2% phosphorus, 0.67% potassium, 0.44% calcium and 0.15% magnesium which varies depending on the substrate. As the earthworms eat the weed seeds and sprouted seedlings along with other materials, there will be less weed growth. It is estimated that 1000 tons of moist organic matter can be converted into 300 tons of compost by earthworms.

The vermicastings are not only rich in nutrients but also in beneficial bacteria and actinomycete population. Vemicastings can be used for inoculation purposes. Live and mature earth-worms may not withstand the transport shock and invariably die when introduced into an altered environment Hence, vermicastings containing beneficial microflora activates and enhances the biological activity in the introduced field when used as a mulch. But this mulch should be kept moist. The cocoons also can be introduced into another field and the hatched earthworms adapt themselves effectively and quickly establishes an equilibrium with the environment

Mulching with Vermicastings is particularly suitable for fruits, vegetables, flowers, cotton, sugarcane etc. The vermicastings can be applied at the rate of 5 tonnes per hectare. Waterings is necessary once in two weeks. In the vermicastings, cocoons are present. Worm's hatch out from the cocoons. They produce vermicastings and they process the dung and organic mulch leading to of sustainable agriculture.

C. Advantages of Vermicastings

The nature of mixing or turning up of the soil by earth- worms makes the composting process easy. Besides this, several advantages are mentioned as follows:

1. productive utilization of waste material available around the farm,

2. assured supply of vermicompost which is excellent in manurial quantities and as a soil conditioner,

3. waste-biomass remaining after harvesting the crop can be recycled into the same field thus assuring maintenance of soil fertility,

4. transportation cost manure can be avoided,

5. viability of earthworm cocoons and their number is guaranteed when made at right, and 

6. fresh vermicompost will have maximum microbial load beneficial to increase soil microflora.

IX. Successful Application of Vermiculture

In India, Vermiculture biotechnology has been developed after a thorough and long field scale research. It was found that this technolgoy is very much in line with the concepts of sustainable agriculture. Vermiculture biotechnology was popularised by Bhawalkar Earthwoffil Research Institute, Pune and recommended cost-effective large scale application of the same.

This vermiculture biotechnology is being harnessed to establish several units for this treatment of non-toxic organic solid and liquid wastes that comes from the cities, dairies and from various industries like sugar and distillery units. Pulp and paper mills, tanneries, fermentation and food-processing industries etc. These units also involve in culturing of earthworms for the production of vermicastings. In our country, mulching with vermicastings is also in practice in some areas.

A farmer named Bhasker adopted earthworm culturing in his field in South Gujarat, and gained spectacular yields of coconuts. Instead of making investments in farm implements he has nurtured over 20 million earthworms. He used croton plants as a biological indicator of water and he used only 15% of water when compared to the amount of water used as a chemical farmer. Following his footsteps, Ashok Sanghavi of Maharashtra has grown bananas and says organically grown bananas last longer. This shows in our country also, people are inclined towards earthwoffil inoculation in this field.

In other countries, vermiculture biotechnology is as follows:

1. In New Zealand (1982) in order to improve the grasslands large-scale inoculation of earthworms were introduced. This has given good results.

Lowlands of Dutch witnessed an increased grass yield of 10% when they were introduced by earthworms.

2. In U.S.A, introduction of earthworms to a colonized calcareous strip-mine, has shown increased organic matter and nutrient availability (1873). It was found that well managed and reclaimed peat could well support large populations of earthworms (1983).

3. Scientists in the Russia have programmed the inoculation process in order to promote the slow and natural spread of  earthworms in 1989. They have inoculated the earth-worms in the soils of a river-banks and transported the same to the desert soils of Republics of Turkmenia and Uzbekistan.

4. Poruce Marshall, a farmer in the uplands of Scotlands improved the yields from his field only by earthworm culturing. It was found that large population of earth-worms attracted the moles, whose criss-cross eliminated the need to install artificial drainage.

5. Researches of University College of Wales studied the rehabilitation of reclaimed sods which were prone to water logging and other problems due to the poor soil structure.. Inoculation of earthworms has played a very successful role in the regeneration of these areas once again proving its vitality.

Several research works are still on the way to develop proper culture techniques to produce large quantities of earth-worms under artificial conditions and to produce the most appropriate species for intensive culturing of earthworms.

X. Conclusion

The chemical that we apply to soil are found: to be harmful to human health because of their residual nature. Hence, trials to reduce the utilization of chemicals for promoting sustainable agriculture, a way to adopt vermiculture biotechnology. This vermiculture enhances the soil productivity which results in Iincreased yields. The produce from the fields rich in vermicastings is better in taste and lustre without any toxic residues and also with longer keeping quality. The wastes are converted to valuable raw materials thus pollution is reduced. As they add nutrient rich vermicastings, no polluting chemicals need to be applied. In addition, less soil erosion and reduction in soil Stalinization is also observed. Thus it helps the farmers.
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