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                                INTRODUCTION
1.0 INTRODUCTION

Changes in soil pH, soil acidification and lower humic acid contents are some key problems of overuse of synthetic fertilizers. The poor soil respiration rate and complete vanishing of natural decomposer communities from agro eco systems has questioned the land sustainability and future food security. In most parts of North India, farmyard manure is widely recommended for sustainable nutrient supply in crop fields (Suthar, 2009). 


The 13 essential plant nutrients like nitrogen, phosphorus, potassium, sodium, calcium, magnesium, sulphate, iron, manganese, zinc, copper, boron, and molybdenum are absorbed by trees from the soil for their growth and formation of leaves. When the leaves are burnt, except metals, other plant nutrients are lost to the air making the soil deficient in some nutrients (Sannigrahi, 2009).


In recent years, much attention has been paid to manage different organic waste resources at low inputs as well as eco friendly basis. Vermicomposting is an easy way to make a positive environmental impact by reducing the amount of organic waste that finds its way into landfills, incinerators and water sources (Manaf et al., 2009).


The practice of vermiculture is atleast a century old but it is now being accepted worldwide with diverse ecological objectives such as waste management soil detoxification, regeneration and soil agriculture. Vermicompost-a very potential organic input for sustainable agriculture, contains beneficial microorganisms, both macro and micronutrients, enzymes and hormones. Adding of vermicompost to soil improvers the chemical and biological properties of soil and hence improves its fertility (Chauhan and Joshi, 2010).  Several wastes can be vermicomposted for production of nutrient-rich compost.


In vermicompost. the plant nurients such as nitrates, exchangeable phosphorus, soluble potassium, calcium, magnesium and so on are present in forms that are easily taken up by plants. It is essential to characterize the growing media, 
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which greatly affect plant growth before its applications (Sangwan et al., 2010).
Waste is the spoilage, loss or destruction of either matter or energy, which is unusable to man. Gradually increasing civilization through industrialization and urbanization has led to increase in the generation of wastes polluting the environment from various sources (Prabha et al., 2007). 


Population expansion has also resulted in a rapid increase in waste generation (Fauziah and Agamuthu, 2009). According to the Central Pollution Control Board (CPCB), of the 50-90% of total solid waste generated, 94% is disposed unscientifically and only a small fraction is intermittently processed in mechanical compost plants (Kumar et al., 2009).  Such practices can cause serious environmental problems including an excessive input of potentially harmful trace metals, inorganic salts  and pathogens, increased nutrient loss from soils through leaching, erosion and run-off caused by lack of consideration of the nutrient requirements of crops and the emission of hydrogen sulphide, ammonia and other toxic gases (Lazcano et al., 2008).  In addition, the huge tonnage of waste disposed into landfills results in various environmental impacts including leachate contamination, pest problems and others.  Proper waste management is very crucial and has become the main challenge in many countries particularly the developing nations (Fauziah and Agamuthu, 2009).


One of the best ways to manage wastes is vermicomposting using earthworms. Earthworms are one of the major soil macro invertebrate and are known for their contributions to soil formation and turnover with their widespread global distribution (Mannaf et al., 2009).
 


The concept of precomposting before vermicomposting started from the fact that the initial pH of the substrate makes the earthworms intolerable, due to the initial acidification of the wastes and by excessive leachate release, but by feeding the stabilized form of substrate, they are able to consume a wide range of organic residues rapidly converting them to humus-like soil building substance in a shorter time period (Monson and Murugappan, 2010). 

                                                                    2

Cow dung has been employed as a medium substrate to initiate and acclimatize earthworms first to local conditions and then initiate vermicomposting of the chosen industrial substrates (Munnoli and Bhosle, 2009). 

 In vermicomposting, it becomes essential to go for two stages of composting by partial composting to bring down the C/N ratio in the organic wastes to less than 25 and vermicomposting them by introducing the right kind of earthworm species, into the substrate when its temperature is less than 35oC and pH is tolerant enough for their growth (Monson and Murugappan, 2010).

With this background information the present study entitled ‘Biochemical studies in vermicompost from cow dung’ was aimed at:

· Preparing nutrient rich vermicompost from cow dung waste.

· Analyzing selected physico-chemical and biochemical constituents in the vermicompost obtained. 

· Studying the influence of the vermicompost on the growth of Maize (Zeamays).

The review of literature concerning to the above study is given in the following chapter.

3
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REVIEW OF LITERATURE 

2.0  REVIEW OF LITERATURE

 
The review of literature pertaining to the study of 'Biochemical studies in vermicompost from cow dung' is discussed under following headings:
2.1 Organic farming - a journey to a mission

2.2  Organic manure for sustained agriculture

2.3  Organic manure for improving soil fertility

2.4  Vermicomposting - an eco biotechnological process

2.5  Earthworm - A cindrella for vermicomposting

2.6  Role of earthworms in soil formation

2.7  Ecological types of earthworms

2.8  Biochemical changes in organic waste during 

       vermicomposting 

2.9  Effect of vermicompost on the growth of plants    

2.10  Municipal Solid Waste - a severe cause for environmental 

         pollution

2.11  Solid waste management 

2.12  Bioconversion of organic waste into valuable sources

2.13  Potential applications of vermicomposting. 

2.1  ORGANIC FARMING - A JOURNEY TO A MISSION

Organic farming is a method of farming which avoids or largely excludes the use of harmful chemicals such as chemical fertilizers, pesticides and herbicides and the use of natural resources such as organic matter, minerals and microbes to maintain the environment clean, ecologically balanced and provide stability to the production level without polluting soil, water and air. Addition of organic sources such as vermicompost, coirpith compost and farmyard manure improves chemical fertility of soil (Kannan et al., 2005).
4

Soil organic matter (SOM) content may decrease sharply after undisturbed soil is cultivated and longer cultivation generally lowers the content of SOM. Soil cultivation reduces soil organic matter and alters the distribution and stability of aggregates. It stimulates soil carbon loss because it accelerates oxidation of soil carbon by microbial activity (Iqbal, M et al., 2007). 
2.2  ORGANIC MANURE FOR SUSTAINED AGRICULTURE

A better strategy for improving nutrient efficiency could be through substitution of inorganic fertilizers requirement with organic manures. The organic acids produced during decomposition of organic manures increase the availability of nutrients (Siddhu et al., 2007).

Organic manure generally improves the soil's physical, chemical and biological properties alongwith conserving the moisture holding capacity of soil and thus resulting in enhanced crop productivity with maintaining the quality of crop produce (Premsekhar and Rajashree, 2009). 

Continuous use of organic manure could undoubtedly meet the nutrient demand in a less intensive production system with low yield level but would prove inadequate in present day exhaustive agriculture (Gupta and Aggarwal, 2008).
 2.3  ORGANIC MANURE FOR IMPROVING SOIL FERTILITY

Cattle manure is a valuable resource as a soil fertilizer as it provides high contents of macro and micro nutrients for crop growth and is a low-cost alternate to mineral fertilizers (Lazcano et al., 2008). Animal fleshing (ANFL) is a rich source for the production of organic manure that has a very high utility in the agricultural sector (Ravindran et al., 2008).
Generally, organic manure application conspicuously increases microbial population. Manure application is known to stimulate and improve stable soil structure, fungal and bacterial population and biological activity (Parthasarathi et al., 2008). The manure consists of earthworm castings enriched with macro 
5

elements like nitrogen, phosphorus and potassium which are essential for the growth of plants and crops (Karthikeyan et al., 2007).

The addition of FYM favourably affects uptake of nutrients by the plants, which in turn improves the number of secondary roots. The root exudates excreted by roots contain malate and other organic acids, which promote the population of Azospirillum (Gupta and Aggarwal, 2008). FYM application increases the organic matter content of soil in all crops as more organic matter content was observed in all rotations of yield (Iqbal et al., 2007).

              The organic carbon, total nitrogen and available phosphorus, potassium and sulphate contents of soils increases slightly due to incorporation of organic manure. Most soils in India are low in organic matter containing less than 1.5% while 2.5 - 3.0% organic manure is necessary for suitable crop production. Furthermore, successive applications of green manure helps to increase the total carbon, total nitrogen and exchangeable potassium contents and decrease bulk density (Bokhtiar and Sakurai, 2005). 
2.4  VERMICOMPOSTING - AN ECO-BIOTECHNOLOGICAL         PROCESS

Vermicomposting transforms complex organic substances into stabilized humus-like product, rich in chelating and phytohormonal elements (Navarro et al., 2009).

Composting using worms known as vermicomposting gives a better end product than composting due to the enzymatic and microbial activity that occurs during the process (Nair et al., 2006). Vermicomposts are finely divided peat-like materials with excellent structure, porosity, drainage and moisture holding capacity (Ansari, 2008). 

This process reduces the cost related to the exclusive use of different types of agricultural wastes as feed for earthworms (Tajbakhsh et al., 2008). The enhanced microbial activity accelerates the decomposition process leading to 
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humification thus oxidizing unstable organic matter to stable form. During the 
passage through the gut of earthworms, the surviving micro organisms are voided 
alongwith the casts (Devi et al., 2009). 

2.5 EARTHWORM - A CINDRELLA FOR VERMICOMPOSTING

The primary job of earthworms is composting (Selden et al., 2005). Most of the vermicomposting process of cattle manure is carried out using a single species of earthworm for different cattle wastes (Khwairakpam and Bhargava, 2007). 

Their physiological activities like respiration, growth, reproduction and so on are influenced by temperature (Weihua and Xiuquin, 2007). The quantity of substrate fed should match the daily quantity consumed by the earthworms, which is approximately equal to their body weight (Singh et al., 2004). 

Earthworms have no protective wall against changes in moisture and temperature. About 75-90% of the weight of the body is constituted by water and hence can survive only when there is sufficient moisture. There is a direct relationship between the moisture content and the growth rate of earthworms (Parthasarathi, 2007). The activity of the soil microbial community is also important, and can be correlated positively with the presence of more sensitive earthworm species in agro ecosystems (Mainoo et al., 2008). 

Earthworms voracaciously feed on organic wastes while utilizing only a small portion for their body metabolic activities and excrete a large part of the consumed materials in a half digested form. The half digested material decomposes rapidly and is transformed into vermicompost.  The feeding activity of the earthworms and their voiding of microbially and enzymatically enriched casts could have also contributed to higher enzyme activities in vermicomposting (Devi et al., 2009). 
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2.6 ROLE OF EARTHWORMS IN SOIL FORMATION

Earthworms act as mechanical blenders and by comminuting the organic matter, they modify its physical and chemical status by gradually reducing the ratio of C: N and increasing the surface area exposed to micro organisms, thus making it much more favourable for microbial activity and further decomposition. Therefore, 2 phases can also be distinguished here:

i) An active phase where the earthworms process the waste modifying its physical state and microbial composition and 

ii) A maturation phase marked by the displacement of the earthworms towards fresher layers of undigested waste, where the microbes take over the decomposition of the waste (Lazcano et al., 2008).

Certain species of earthworms can rapidly fragment organic material residues into much finer particles by passing them through a grinding gizzard, an organ that all Annelida possess. Additionally earthworms reduce the number of pathogens and the same effect is obtained in traditional composting by the increase in temperature (Ramos et al., 2005). 

2.7  TYPES OF EARTHWORMS

i) Eudrilus eugeniae a tropical earthworm commonly called African night crawler is large in size, grows rapidly, breeds fast and is capable of decomposing large quantities of organic materials into usable vermicompost  

ii) Eisenia foetida popularly known as European worm or Tiger worm is ubiquitous and many organic wastes became colonized naturally by this species. They have a wide range of temperature tolerance and can live in organic wastes within a wide range of moisture content (Prabha et al., 2007). 

iii) Periyonyx excavatus are small, red-purple worms that prefer an environment of decaying organic matter rather than soil.

The presence of this species has been found to reduce the time required for composting (Vijaya et al., 2008). Different varieties of earthworms have been 
8

recommended to be used in vermicomposting by various workers such as deep burrowing, shallow burrowing and surface dwellers and it has been established that the epigeic forms (surface dwellers) of earthworms are the most suitable for vermicomposting (Singh et al., 2005). 

2.8  BIOCHEMICAL CHANGES IN ORGANIC WASTE DURING 

       VERMICOMPOSTING

Production of CO2 and organic acid by microbial decomposition during vermicomposting lowers the pH of substrate.  The increased in electrical conductivity might have been due to the loss of weight of the organic matter and release of different mineral salts in available forms (Nath et al., 2009).

In general, the reduction of total kjeldhal nitrogen (TKN) content of the initial substrate may be probably due to enhanced microbiological activity that increases nutrient mineralization rates and thus greater quantities of nitrogen will be available for plant use (Naddafi et al., 2004). Nitrogen content decrease during vermicomposting may have been due to ammonification, ammonia volatization and denitrification (Navaro et al., 2009).

The increase in soil organic matter results in decreased potassium fixation and subsequent increased potassium availability (Azarmi et al., 2008).  The increase in total phosphorus during vermicomposting is probably due to higher phosphatase activity of earthworms contributing to mineralization and mobilization of phosphorus (Ravindran et al., 2008). 

The deficiency in organic carbon reduces the storage capacity of soil nutrients and soil fertility (Manivannan et al., 2009). The ingested carbon by the earthworms is mostly used for metabolic activities (Weihua and Xiuquin, 2007).  The C: N ratio is used as an index for checking the maturity of organic wastes. The loss of carbon as carbon dioxide in the process of respiration and production of mucus and nitrogenous excrements enhance the level of nitrogen which lower the C: N ratio (Tajbakhsh et al., 2008). 
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Dehydrogenase activity has also been regarded as an indicator of the advancement of the composting process. Increase in dehydrogenase activity in all the cattle feeds after 30 days indicates enhanced microbial activity  (Garg et al., 2006).

2.9  EFFECT OF VERMICOMPOST ON THE GROWTH OF PLANTS

The earthworm casts and vermicompost influence development of plants and promotes stem elongation, root initiation and root biomass, which suggests the linkage between biological effects of vermicompost and microbial metabolites that influence plant growth and development (Reddy and Ohkura, 2004).

Vermicomposts comprise of large amounts of humic substances, some of the effects of which on plant growth are similar to those of soil applied plant growth regulators (Chamani et al., 2008).

Addition of different vermicomposts, produced from different sources, like cattle manure, food and agricultural waste etc., increases the rate of germination, growth and yield of many high value crops (Ahmad et al., 2009).

2.10  MUNICIPAL SOLID WASTE - A SEVERE CAUSE FOR 

         ENVIRONMENTAL POLLUTION
Solid wastes mainly from domestic and commercial areas containing recyclable toxic substances, compostable organic matter and others (Muthukumaravel et al., 2008).  Wastes from vegetable markets are generally collected and dumped into the municipal land fills, causing a nuisance because of high degradability (Jadia and Fulekar, 2008). The dumping of municipal solid waste without proper treatment, proper supervision and control leads to fly breeding and other infectious diseases   in the environment (Karthikeyan et al., 2007). Cattle feedlots face serious environmental challenges associated with manure management, including green house gas, odour, ammonia and dust emissions (Khwairakpam and Bhargava, 2007). India's agro-industrial sector 
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contributes a huge potential resource of plant nutrients in the form of wastes, which is either thrown away or buried or burnt causing environmental pollution (Parthasarathi., 2007).

2.11  SOLID WASTE MANAGEMENT

Solid waste is defined as the organic and inorganic waste materials produced by different sources and have cost value in the eye of their owner (Aalok et al., 2008). Increasing waste generation rate, high collection cost and dwindling resources are the major problems faced by most of the developing countries for efficient solid waste management (Jadia and Fuleker, 2008). Disposal of solid wastes can be done by methods like land filling, incineration, recycling, conversion into biogas, disposal into sea and vermicomposting (Muthukumaravel et al., 2008).

To increase the productivity and to meet the heavy demand of the growing population for food, it is necessary to recycle available resources and wastes. Wastes of animal and plant origin are one of the major underutilized resources in many countries and these organic wastes could easily be used in agriculture (Bahmanyar and Piradshti, 2008).

         
 Some agro-industrial wastes contain a great amount of plant nutrients which can be utilized in food production and land restoration practices. In other words, these could be utilized efficiently as a soil conditioner for sustainable soil fertility management programmes. Thus individually and cumulatively agro-industrial waste products seem to have the potential to afford eco-friendly, cost-effective and socially acceptable and sustainable bio-resources for increasing agriculture productivity through multifaceted mechanisms and biotechnological applications (Suthar, 2008). 

The disposal of urban and industrial wastes by methods that minimize environmental pollution and which decrease the need for landfill space would be very advantageous (Castillo et al., 2005). Organic wastes are extremely increasing with increasing human populations, intensive agriculture and industrialization. The 
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disposal of wastes has become important for a healthy environment. In this regard, recycling of utilizable organic wastes is feasible (Prabha et al., 2007). 

2.12  BIOCONVERSION OF ORGANIC WASTE INTO VALUABLE  SOURCES

The market waste generated from cities consist of biodegradable organics that can be converted into valuable bio-compost by applying vermicomposting technology since the C/N ratio of organics is 26.42 which lies in the optimum range as per the recommendation of manual on municipal solid waste. This process will reduce environmental damage (Karthikeyan et al., 2007).

The occurrence of acidic condition may be attributed to the bioconversion of organic material into various intermediate types of organic acids or higher mineralization of the nitrogen and phosphorus into nitrites/nitrates and ortho phosphates (Tajbakhsh et al., 2008).
2.13  POTENTIAL APPLICATIONS OF VERMICOMPOSTING

Vermicompost contains a good range of some very essential micronutrients other than NPK fertilizer, required for healthy plant growth.  The profiled growth and production in vermicompost treated plots could be due to the presence of certain phytohormones, produced by micro organisms in worm worked materials.  The higher concentration of soil enzymes, soil organic matter and soil microorganisms in worm casts create suitable microclimatic conditions in soils for rapid mineralization and transformation of plant nutrients in soil (Suthar, 2009).

Vermicompost is used to remediate metals because it binds metals and increases uptake by providing nutrients such as calcium, sodium, magnesium, iron, zinc, manganese and copper which can serve as a natural fertilizer giving high yield of biomass and microbial consortium. The use of vermicompost-amended soil has been effective to remediate the heavy metals (Jadia and Fulekar, 2008). 

With the above information, the experimental work was designed as given in the following chapter.  
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EXPERIMENTAL   PROCEDURE

3.0  EXPERIMENTAL PROCEDURE
Vermicomposting is a suitable technology for decomposition of different types of organic wastes (domestic as well as industrial) into value added material. This vermicompost is rich in nutrients and facilitates growth of plants. Another important end product of the vermicomposting process is the vermiwash. It is a very good fertilizer, growth promoter and helps in inducing flowering and fruit bearing in higher plants. It can also help plants to get rid of pests and diseases (Venketesh and Evera, 2007). 
            Earthworms are extremely important in soil formation. Principally through their activities in consuming organic matter, fragmenting and mixing intimately with mineral particles to form aggregates. During their feeding, earthworms promote microbial activity greatly which in turn accelerates the breakdown of organic matter and stabilization of soil aggregates (Muthukumaravel et al., 2008).

Vermicompost consists of earthworm castings enriched with macronutrients like nitrogen, phosphorus and potassium which are essential for the growth of plants and crops. The concentration of macronutrients like N, P, K were increased after vermicomposting (Karthikeyan et al., 2007).  

Organic manures generally improve the soil’s physical, chemical and biological properties alongwith conserving moisture holding capacity of soil and thus resulting in enhanced crop productivity and maintaining the quality of crop produce (Premsekhar and Rajashree, 2009).

            The present study entitled ‘Biochemical studies in vermicompost from cow dung’ was aimed at obtaining nutrient-rich compost from cow dung waste, analyzing the compost for physico chemical and biochemical parameters and studying the effect of the compost on growth of a selected plants.

The study was conducted into 3 phases as follows:

3.1  PHASE I: SELECTION OF MATERIALS AND VERMICOMPOSTING

              3.1.1  Materials for vermicomposting

              3.1.2  Vermicomposting
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3.2  PHASE II: ANALYSIS OF COMPOST 
      3.2.1  Physico-chemical parametres:

              3.2.1.1. pH

              3.2.1.2. Electrical conductivity

              3.2.1.3. Total Dissolved Solids

              3.2.1.4. Total Suspended Solids

              3.2.1.5. Sulphate

              3.2.1.6. Chloroide

      3.2.2. Biochemical parameters:


3.2.2.1. Organic carbon


3.2.2.2. Available nitrogen


3.2.2.3. Available phosphorus 


3.2.2.4. Available potassium


3.2.2.5. Calcium and magnesium


3.2.2.6. Total carbohydrates


3.2.2.7. Protein 

3.3 PHASE III: EFFECT OF VERMICOMPOST ON THE GROWTH OF   

      MAIZE (ZEAMAYS)


3.3.1. Collection and preparation of soil for potting



3.3.2. Biometric parameters

3.1  PHASE I: SELECTION OF MATERIALS FOR VERMICOMPOSTING

          The area selected for vermicomposting was in Avinashilingam University campus, Coimbatore.

    3.1.1 Materials for vermicomposting

         3.1.1.1 Cow dung              
         Cow dung cakes were collected from Kannampalayam Village, Coimbatore.
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    3.1.1.1  Earthworms


      Local species of earthworms namely, Eisenia foetida, Periyonyx excavatus and  Eudrilus eugenae were got from Vadavalli, Coimbatore.

    3.1.2  Vermicomposting
     

Plastic basin with perforations at the bottom was taken.  It was  filled upto 3/4 with one week old cow dung.  20 earthworms each of the species, Eisenia foetida , Periyonyx excavatus and Eudrilus eugeniae were inoculated into each basin. The basin was covered with wet jute bag and then kept for composting.  It was watered regularly. After 45 days of composting, the vermicompost was harvested and shade dried for a day. Then it was powdered and used for further analysis.
3.2  PHASE II: ANALYSIS OF COMPOST
  
   Physico-chemical parameters and biochemical parameters were analyzed in the vermicompost obtained.
     3.2.1. Physico-chemical parameters
 3.2.1.1. Determination of pH

        
  The pH of the vermicompost was measured using a digital pH meter (Khopkar, 1993). The procedure for the same is given in Appendix I.

3.2.1.2. Determination of Electrical conductivity (EC)

 The EC gives the measure of the current carrying capacity of the sample. It was measured in the compost using an EC meter. The detail of the procedure is given in Appendix II.

3.2.1.3. Determination of Total Dissolved Solids (TDS)


  TDS in the samples was determined by Evaporation Method (APHA, 1998). The procedure is detailed in Appendix III.

3.2.1.4. Determination of Total Suspended Solids (TSS)


  TSS was determined by Filtration Method (APHA, 1998). The procedure is given in Appendix IV.

15
3.2.1.5. Estimation of Sulphate


   Sulphate was estimated by Turbidimetric Method (Gopalan and Anand, 1990). The details of the procedure are given in Appendix V.

3.2.1.6. Estimation of Chloride

Chloride was estimated by Silver Nitrate Method (Vogel, 1996). The details of  the procedure are given in Appendix VI.
3.2.2  Biochemical parameters

3.2.2.1  Estimation of Organic carbon


  
Organic carbon was determined by Colorimetric Method ( Datta et al., 1962). The procedure is detailed in Appendix VII.

3.2.2.2  Estimation of Available Nitrogen


 
 Available nitrogen was estimated by Alkaline Potassium Permanganate Method (Subbiah and Asija, 1956) as explained in Appendix VIII.

3.2.2.3  Estimation of Available Phosphorus


  
Available phosphorus was estimated by Colorimetric Method (Olsen et al., 1954), the procedure of which is given in Appendix IX.

3.2.2.4  Estimation of Available Potassium

 Available potassium was estimated by Flame Photometric Method (Stanford and English, 1949), as depicted in Appendix X.

3.2.2.5  Estimation of Calcium and Magnesium


  Calcium and Magnesium were estimated by Versanate Method (Natarajan et al., 1988), the procedure of which is given in Appendix XI.

3.2.2.6  Estimation of Total Carbohydrates


  Total Carbohydrates were estimated by Anthrone Method (Hedge and Hofreiter, 1962). The procedure for the same is given in Appendix XII.

16
3.2.2.7  Estimaton of Protein

    
  Protein was estimated by Lowry's Method (Lowry et al., 1951), the procedure is detailed in Appendix XIII.

3.3. PHASE III: EFFECT OF VERMICOMPOST ON THE GROWTH OF 
        MAIZE (ZEAMAYS)

       3.3.1. Collection of seeds and preparation of soil for potting

         Red soil was collected from Kannampalayam village, Coimbatore.  5 pots were taken and labeled T1 - T5.  The contents of the pots were taken as given in Table I.  

             Table I. Preparation of soil for the growth of maize     

                           (Zeamays) plant.

	S.No
	Name of the Samples
	Ratio of soil: sand
	Amount of samples

	1.

2.

3.

4.

5.
	T1

T2

T3

T4

T5
	3:1

3:1

3:1

3:1

3:1
	100g of vermicompost

100g of cow dung

100g of goat dung

100g of horse dung

Red soil alone


The seeds of Maize (Zeamays) were collected from a local areas in Coimbatore. Each pot was inoculated with 10 seeds of Zeamays. These pots were watered daily. The growth rate of Zeamays in vermicompost was compared with other soil combinations.

 3.3.2  Biometric parameters
3.3.2.1  Shoot length


  The shoot length was measured from the ground level to the tip of the plant and expressed in cms.
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3.3.2.2  Root length


  The root length was measured from the ground level to the tip of the root and expressed in cms.

3.3.2.3  Height


  The total height of the plant was measured and then expressed in cms.

3.3.2.4  Fresh weight

  The whole plant was weighed and the weight  expressed in grams.

3.3.2.5  Dry weight


  The plant was dried at 70oc for 24 hours and the dry weight was recorded in grams.

3.3.2.6  Number of leaves


  The number of leaves was counted in all the plants and then tabulated. 

3.3.2.7  Statistical analysis

  The data obtained was subjected to statistical analysis-ONE WAY ANOVA to find out the statistical differences in the parameter studied among the various treatments.
18
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RESULTS AND DISCUSSION 

4.0  RESULTS AND DISCUSSION

Vermicomposting, which involves the use of earthworms to convert biodegradable solid waste into a useful product (vermicast), has a unique position in the domain of environmental engineering. It is the only pollution control bioprocess which has a multi cellular animal as the main bioagent.  Indeed, it is the only bio process outside the ones involving one or other type of animal farming, in which a multi-cellular animal is used in reactor systems to generate a product other than the animal offspring (Abbasi et al., 2009).


The farms generate an enormous amount of manure.  The disposal of these wastes is one of the main environmental problems related to intensive livestock production.  The use of manures as organic fertilizers can benefit agriculture and can be, potentially, an inexpensive way to protect the environment and conserve natural resources (Bakayako et al., 2009).  

According to the above information, the research study entitled ‘Biochemical studies in vermicompost from cow dung’ was conducted in three phases.

In the first phase, the vermicompost was prepared from cow dung.  In the second phase, the selected physico-chemical parameters were analyzed.  In the third phase, the influences of vermicompost on the growth rate of maize plant were studied.

            The research work is explained under the following headings:

4.1  Physico-chemical parameters

4.1.1  pH and Electrical conductivity


4.1.2  Total Dissolved Solids and Total Suspended Solids


4.1.3  Sulphate and Chloride

4.2  Biochemical parameters

4.2.1  Total Organic Carbon

          
4.2.2  Available Nitrogen, Available Phosphorus and Available 

                       Potassium
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PLATE 1.  Vermicompost from cow dung
[image: image15.jpg]
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4.2.3  Calcium and Magnesium

        
4.2.4  Total Carbohydrates and Total Protein
4.3  Biometric parameters

           4.3.1  Shoot length and root length

            4.3.2  Fresh weight and dry weight

      
4.3.3  Number of leaves 

4.1  Physico-chemical constituents

     4.1.1  pH and Electrical Conductivity  


Table II and Figure 1 records the pH and Electrical conductivity (EC) values of vermicompost, farmyard manure and red soil.

  
4.1.1.1  pH

             From Table II and Figure 2, it can be observed that the pH value of vermicompost (6.4) was significantly (p<0.05) low when compared to red soil and the farmyard manures.  

         In other words, the pH of vermicompost was on the acidic side, whereas,     these of the other samples were on the alkaline side.

               Table II. pH and  Electrical Conductivity in Vermicompost 

	S.no


	Samples
	pH


	Electrical   Conductivity
(dSm-1)

	1.

2.

3.

4.

5.


	Vermicompost

Cow dung

Goat dung

Horse dung

Red    Soil


	6.37

8.03

8.43

8.33

8.29


	0.27

2.47

3.04

0.42

0.45

	
	CD (0.05)
	0.51
	0.13



                                           21

The shift in pH of the vermicompost towards the acidic side might be due to the prodution of organic acids and mineralization of macro-nutrients during composting.  


A similar study by Chauhan et al., (2010) also reported that the decrease in pH in vermicompost may be due to the production of carbon dioxide and organic acids produced during microbial metabolism.

             Another study reported that the pH decreased from alkaline to acidic or neutral may be attributed to mineralization of nittrogen and phosphjorus into nitrates or nitrites and other ortho-phosphates or  bioconversion of organic materials into intermediates during vermicomposting (Nath et al., 2009).  
 [image: image16.jpg]
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4.1.1.2  Electrical Conductivity   

              Electrical Conductivity is an extremely useful and easy measure employed for monitoring agricultural soils.  It indicates the level of dissolved salts by measuring the ability of a solution to carry electric current by ions.  A 
high electrical conductivity will stress the plants and cause productivity losses.  Compost conductivity is of great importance from an agricultural point of view, since it can be a limiting factor for plant growth and seed germination (Ferriera and Oliveira, 2009).



From Table II, it can be inferred that electrical conductivity was significantly (p<0.05) lower in the vermicompost (0.27 dSm-1) when compared to the farmyard manures and red soil.  


Since most soils are non-ferro magnetic, soil electro magnetic properties usually refer to their dielectric current electrical conductivity and dielectric property (Ismail., et al., 2008).


The reduction of electrical conductivity may be due to the activity of worm-gut leading to the production of soluble salts.


A research work by Lazcano et al., (2008) stated that during vermicompostig the minor production of soluble metabolites such as ammonium ions as well as precipitation of the dissolved salts may lead to lower electrical conductivity values. 
4.1.2. Total Dissolved Solids and Total Suspended Solids
 
             Table III and Figure 2 represent the Total Dissolved Solids (TDS) and Total Suspended Solids (TSS) level of vermicompost, farmyard manures and red soil.  
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Table III. TDS and TSS levels in Vermicompost

	S.no


	Samples
	Total  Dissolved    Solids(TDS)

(mg/L)
	Total Suspended Solids (TSS)
(mg/L)

	1.

2.

3.

4.

5.


	Vermicompost

Cow dung

Goat dung

Horse dung

Red    Soil


	226.33
1454.33
1914.00
283.00
177.67
	0.93
1.53
1.27
1.67
1.40

	
	CD (0.05)
	107.66
	0.39


4.1.1.2  Total Dissolved Solids 


High dissolved solids affect electrical conductivity of the solute being absorbed by the seed (Lakhshmi and Sundaramoorthy, 2004).  


From Table III, it can be noticed that there was a significant (p<0.05) low in TDS level in vermicompost (22.3 mg/L) on comparison with other test samples.  


This reduction in TDS may be due to the reduction of biodegradable organic content in vermicompost.  These results are in parr with those of Alidadi et al., (2005) who reported that the higher reduction in volatile solids may be due to the presence of more stable products were obtained from vermicomposting process.  
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     Figure 2. Total Dissolved Solids and Total Suspended Solids 

                                      in vermicompost
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4.1.2.2   Total Suspended Solids

 The presence of TSS leads to turbidity resulting in poor penetration in light in aquatic system, thereby curtaining the light for biosynthetic activity.  Further, the setting of suspended particles on soil and soil fauna might lead to various damages like change in soil porosity, soil texture water holding capacity on one hand and clogging of gills and respiration of fishes on the other hand.  


It is clear from Table III, that the TSS of vermicompost (0.93 mg/L) was significantly (p<0.05) lesser than the TSS level of farmyard manures and red soil.
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Mariappan and Rajan (2002) reported similar results that there was a significant reduction in TSS after vermicomposting of tannery waste. 

4.1.3 Sulphate and Chloride


    Table IV and Figure 3 depict the sulphate and chloride values of vermicompost, farmyard manures and red soil.  
4.1.3.1  Sulphate 


In general, sulfur is an essential element for the synthesis of aminoacids and vitamins (Malathi and Subash, 2010).  The co-treatment of rock phosphate with sulfur with sulfur was necessary to increase olsen phosphorus which was generally associated with increased plant dry matter (Evans et al., (2006); Stamford et al., 2003).  


It is clear from the table and figure, that the sulphate value of vermicompost (0.86 g/100g) was significantly (p<0.05)lower than that of other test samples.  

 
This reduction of sulphate might be due to the worm casts on vermicompost.  Malathi and Subash (2010) stated that the reduction in sulphate may be due to their utilization for worm growth and biomass production.
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Table IV. Sulphate and Chloride levels in Vermicompost

	S.no


	Samples
	Sulphate
(g/100g)
	Chloride
(g/100g)

	1.

2.

3.

4.

5.


	Vermicompost

Cow dung

Goat dung

Horse dung

Red  Soil


	0.86
1.14
1.12
1.30
0.97

	0.44
2.16
3.19
2.15
0.48

	
	CD (0.05)
	0.11
	0.039


4.1.3.2 Chloride 

 
From Table IV and Figure 8, it can be stated that there was a significant reduction (p<0.05) in the chloride content of vermicompost 
(0.44 g/100g)  when compared to farmyard manure and red soil.
The reduction of chloride content may be due to the worm casts on vermicompost.  Gomathi et al., (2004) reported that the chloride content of tannery solid waste was decreased after vermicomposting.  [image: image17.jpg]
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Figure 3. Sulphate and Chloride levels in Vermicompost
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 4.2.  Biochemical parameters 

     4.2.1. Total organic carbon  


           The values of total organic carbon (TOC) of vermicompost, farmyard     manures and red soil are exhibited in Table V and Figure 4.
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Table V. Organic Carbon levels in Vermicomposts

	S.no


	Samples


	Organic Carbon

(g%)

	1.

2.

3.

4.

5.
	Vermicompost
Cow dung

Goat dung

Horse dung

Red soil


	30.50
47.73
54.97
54.93
38.60

	
	CD (0.05)
	5.39


It can be observed from the table and figure that the TOC level of vermicompost (30.5 g%) showed significantly lower levels (p<0.05) when compared to the farmyard manures and red soil.  This reduction in TOC might be due to the decompositon of the organic matter in the waste. 


Joshi and Sharma (2010) also reported that the carbon content of raw pressmud decreased after vermicomposting.  The organic carbon is lost in the form of carbon dioxide as a result of which the total nitrogen increased.           
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Figure 4. Total Organic Carbon level in Vermicompost
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4.2.2. Available Nitrogen, Available Phosphorus and Available 

           Potassium           


Table VI and Figure 5 represents the levels of Available nitrogen, Available phosphorus and Available potassium of vermicompost, farmyard manures and red soil.
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4.2.2.1  Available Nitrogen  


.      It is clear from the table that the level of available nitrogen had significantly increased (p<0.05) in the vermicompost (1.67 g%) when compared to the other test samples. 


        The increased level of nitrogen may be due to the nitrogenous excretion of worm during composting. Kostecka and Kaniuczak (2008) stated that vermicompost made from duckweed generally contains higher amounts of nitrogen.
Earthworm excretion of nitrogenous compounds in urine and mucus may 
provide particularly labile nitrogen source for soil microbes.  Earthworms urine contains particularly ammonium and urea. A report stated that increased nitrate levels were observed in the soil and dissolved nitrogen concentration in earthworm ingested plots (Sudhakar et al., 2002). 
    Table VI.  Available Nitrogen, Available Phosphorus and 
                       Available Potassium levels in Vermicompost

	S.no


	Samples
	Available Nitrogen

(g%)
	Available Phosphorus

(g%)
	Available       potassium

(g%)

	1.

2.

3.

4.

5.


	Vermicompost

Cow dung

Goat dung

Horse dung

Red soil


	1.67

1.15

0.57


0.06


0.08


	1.43

0.67

0.15

0.14

0.23


	1.64
1.00
0.56
0.05
0.07


	
	CD (0.05)
	0.14
	0.24
	0.14
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4.2.2.2   Available Phosphorus



         Phosphorus is present in mineral deposits, which are a non-renewable natural resource.  Photosynthesis and stomatal conductance are reduced by phosphorus deficiency and conversely increased phosphorus increases photosynthesis.  




The vermicompost was found to have the highest available phosphorus level (1.43%) as shown in Table VI and Figure 5.  The available phosphorus level had significantly increased (p<0.05) when compared to the farmyard manures and red soil.  


The phosphorus level increase might be due to the production of soluble salts in the presence of earthworms.  Sudhakar et al., (2002) reported that worm casts ingested soils were rich in water soluble phosphorus and inorganic nitrogen in comparison with non ingested soil material. The availability of phosphorus was enhanced in casts compared to non ingested soil due to increased solubility of phosphorus by high phosphatase activity. 
4.2.2.3  Available potassium
From the Table VI and Figure 5, it can be deduced that the vermicompost has significantly higher (p<0.05) level of available potassium (1.67 g%) when compared to the other samples. 


The increased level of potassium might be due to the changes in the distribution of potassium between non exchangeable to exchangeable forms.



Earthworms might play an important role in increasing potassium content in the process of vermicomposting (Malathi and Subash, 2010).  Sannigrahi (2009) stated that total potassium with maximum value of kela, subabul, amrud and simul leaves vermicompost.  
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4.2.2.3  Available potassium


From the Table VI and Figure 5, it can be deduced that the vermicompost has significantly higher (p<0.05) level of available potassium (1.67 g%) when compared to the other samples. 



The increased level of potassium might be due to the changes in the distribution of potassium between non exchangeable to exchangeable forms.



Earthworms might play an important role in increasing potassium content in the process of vermicomposting (Malathi and Subash, 2010).  Sannigrahi (2009) stated that total potassium with maximum value of kela, subabul, amrud and simul leaves vermicompost.  
Figure 6. Available Nitrogen, Available Phosphorus and

                               Available Potassium levels in Vermicompost
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4.2.3 Calcium and Magnesium


Table VII and Figure 6 depicts the levels of calcium and magnesium in         

     vermicompost, farmyard manures and red soil.
VII. Calcium and Magnesium levels in Vermicompost

	S.no
	Samples


	Calcium
(g/100g)
	Magnesium
(g/100g)

	1.

2.

3.

4.

5.


	Vermicompost

Cow dung

Goat dung

Horse dung

Red soil


	0.12
0.06
0.05
0.06
0.04

	0.10
0.05
0.06
0.04
0.05


	
	CD (0.05)
	0.04
	0.03


4.2.3.1  Calcium


Table VII and Figure 6 reveals that the vermicompost containing higher amount of calcium (0.12 g/100g).  Vermicomposted cow dung showed a significant increase (p<0.05) when compared to farmyard manures and red soil. 


This increased level may be due to the addition of available salts during composting.  


The vermicompost increased the levels of calcium more than the manure.  Vermicompost is more efficient than cattle manure in supplying exchangeable calcium reflecting the tendency of the original content of this element in the utilized material (Yagi et al., 2003).  
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            Figure 6.  Calcium and  Magnesium levels in vermicompost
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4.2.3.2   Magnesium


From the table and figure, it can be deduced that the level of magnesium was significantly higher (p<0.05) in the vermicompost (0.1 g/100g) when compared to the farmyard manure and red soil.  


Earthworm activity may significantly affect magnesium availability in soils (Tajbakhsh, 2008).  Exchangeable magnesium content was higher in the vermicompost than in the initial substrate (Suthar, 2008).  
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4.2.4  Total Carbohydrates and Total Proteins 

Table VIII and Figure 7 represent the values of magnesium and 
protein in vermicompost, farmyard manure and red soil.
         Table VIII. Total Carbohydrates and Total Protein  levels in 
                              Vermicompost 

	S.no


	Samples
	Carbohydrate
(mg/g)
	Proteins
(mg/g)

	1.

2.

3.

4.

5.


	Vermicompost

Cow dung

Goat dung

Horse dung

Red    Soil


	0.06
0.05
0.12
0.09
0.06
	0.22
2.03
0.25
1.73
0.34


	
	CD (0.05)
	0.04
	0.04


4.2.4  Total carbohydrates  



From the table and figure, it can be revealed that the level of vermicompost was significantly lower (p>0.05) in vermicompost (0.06 mg/g) when compared to the other samples.



The reduction in carbohydrate may be due to the degradation of carbon during composting.  Palsania et al., (2008) had also reported that the bioconversion of organic waste may probably be due to the interchanging pattern of carbon released by carbohydrate degradation.
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Figure 7.  Total Carbohydrate and Total Protein contents

                                 in Vermicompost
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4.2.4.1   Total Proteins

From the table and figure, it is obvious that the protein level of vermicompost (0.22 mg/g) was significantly lower (p>0.05) when compared to the farmyard manures and red soil.  The reduction in protein content in vermicompost might be due to the utilization of organic matter by earthworms for their growth.  
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4.3  Biometric parameters

     4.3.1  Shoot length and root length



        Table IX shows the values of shoot lengths and root lengths of the plant maize grown in pots containing vermicompost, farmyard manures and red soil.

Table IX. Shoot length and root length of maize grown in    

                         vermicompost

	S.no


	Samples
	Plant  Height(cm)

	
	
	Shoot length
	Root length

	1.

2.

3.

4.

5.
	Vermicompost

Cow dung

Goat dung

Horse dung

Red soil
	12.87
8.27
5.67
9.47
8.97
	2.73
1.90
1.43
1.40
1.00


	
	CD (0.05)
	2.42
	0.53


From the table, it can be inferred that the shoot lengths and root lengths of the plant maize was significantly higher (p<0.05) when grown in soil containing vermicompost (12.87 cm & 2.73 cm respectively) when compared to plants grown in soil mixed with farmyard manures and red soil.  

                 Studies by Gondek and Mazur (2003) reported that the vermicompost causes a statistically proven increase in the sunflower shoot yield as compared with the mineral treatment. Another report highlighted that the application of organic manure increased plant growth significantly (Premsekar and Rajashree, 2009).  
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Figure 8.  Shoot length and root length of Maize (Zeamays) grown in 

                          vermicompost
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4.3.2  Fresh weight and dry weight 


         Table X and Figure 9 record the values of fresh weight and dry weight of the plant maize grown in pots containing vermicompost, farmyard manures and red soil.

 

It is obvious from the table and figure that showed that the fresh weights (1.9 g) and dry weights (1.33 g) of the maize were significantly higher (p<0.05) when grown in soil supplemented with vermicompost than plants grown in soil supplemented with farmyard manures and soil alone. 
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Table X. Fresh weight and dry weight of maize grown in
                             vermicompost

	S.No

	Samples

	Plant  weight  (gm)

	
	
	Fresh Weight


	Dry Weight

	1.

2.

3.

4.

5.
	Vermicompost

Cow dung

Goat dung

Horse dung

Red soil
	1.90
1.17
1.23
0.67
0.47

	1.33
0.67
0.30
0.57
0.60

	
	CD (0.05)
	0.29
	0.32


These results are in agreement with those of Alidadi et al., (2007) who reported that the fresh weights and dry weights of plants grown in soil containing vermicompst were significantly higher.  
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Figure 9. Fresh weight and dry weight of Maize (Zeamays) grown in 

                       vermicompost
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PLATE 2. EFFECT OF VERMICOMPOST ON THE GROWTH OF 

                   MAIZE (ZEAMAYS)



T1  –  Plants grown in pot containing vermicompost

T2  – Plants grown in pot containing cow dung


T3  – Plants grown in pot containing goat dung


T4  – Plants grown in pot containing horse dung


T5  – Plants grown in pot containing red soil
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4.3.3  Number of leaves  


The number of leaves of the plant maize grown in soil supplemented with vermicompost, farmyard manures and red soil alone is recorded in Table XI and Figure 10.

                Table XI. Number of Leaves in Vermicompost  

	S.no


	Samples

	Number of Leaves

	1.

2.

3.

4

.

5.
	Vermicompost

Cow dung

Goat dung

Horse dung

Red soil


	5.67

3.33
3.67
4.33

3.67

	
	CD (0.05)
	0.80




From the table and figure, it can be deduced that the number of leaves were significantly higher (p<0.05) in the plant grown in soil supplemented with vermicompost (5.67) when compared to those in soil alone and soil supplemented with other manures.


Atiyeh et al., (2000) also stated that the number of leaves in the plants increased in the pot containing vermicomposted mixture. 
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Figure 10.  Number of leaves of Maize (Zeamays) grown in

                            vermivompost
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HIGHLIGHTS OF THE FINDINGS

1. Vermicompsted cow dung was found to contain the lowest values for all the 

              Physico-chemical parameters  like pH, EC, TDS, TSS, sulphate and chloride         

               and Biochemical parameters like TOC, carbohydrates and protein.
2. Vermicomposted cow dung had higher values the other Biochemical  parameters like Nitrogen, phosphorus, potassium, calcium and magnesium) and Biometric parameters (Shoot length, root length, fresh weight, dry weight and number of leaves.
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SUMMARY AND CONCLUSION 

5.0 SUMMARY AND CONCLUSION
Over the last few years, as regulations for field application and disposal of animal manure have become more rigorous, the interest in using earthworms as an ecologically sound system for manure management has increased tremendously.  Various researchers have examined the potential utilization of earthworm-processed wastes, commonly referred to as vermicomposts, in the horticultural and agricultural industries.

The study was organized into three phases.

In the first phase, the vermicompost was prepared from cow dung.  In the second phase, the selected physico-chemical parameters of the vermicomposts were analyzed.  In the third phase, the influences of vermicompost on the growth rate of maize plant was studied.
The results of the study entitled ‘Biochemical studies in vermicomposts from cow dung’ are summarized as follows:

The vermicomposted cow dung was found contain the lowest pH compared to the pH of farmyard manures and red soil. Thus it can be stated that the acidic condition favoured the vermicomposting process. The level of electrical conductivity was found to be very lower indicating the presence of available salts in the vermicompost which are essential for the plant growth.  

In case of TDS and TSS the levels were found to be lower in vermicompost when compared to farmyard manures and red soil.  

There was a significantly high value for nitrogen, phosphorus and potassium in vermicompost when compared to farmyard manures and red soil.  This  is essential for plant growth.

Minerals such as calcium and magnesium were found to be significantly high when compared to farmyard manures and red soil. The levels of carbohydrate and protein were found to be lower in vermicompost when compared to the other samples.
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The shoot length, root length, fresh weight, dry weight and number of leaves in plant Maize (Zeamays) were higher when grown in pots containing vermicompost mixture.

From the present study, we can conclude that earthworms can alter the biochemistry of cow manure considerably and accelerate the stabilization and maturity of the organic waste.  As the vermicomposting process progresses, there is a depletion of readily available organic matter, and most of the nitrogen gets converted into the nitrate form.  The final product, in contrast to the manure from which it was derived, was more mature and stabilized.  This is demonstrated well by the increased plant growth in soil enriched with vermicompost.

SUGGESTIONS FOR FUTURE STUDY
1. A mixture of different species of earthworms can be used for the 

       composting.

2. Certain biochemical constituents can be studied in earthworm tissue.

3. Selected plants can be cultivated in the vermicompost and their biochemical parameters can be analysed.
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APPENDIX I

DETEMINATION OF pH

(Khopkar, 1993)

Measured 10g of soil sample into a 50 ml plastic beaker.  Added 20 ml of distilled water and stirred with multiple stirrer or glass rod and allowed it to stand for 30 min.  Checked the instrument with the above known buffer solutions and corrected the functioning of the instrument. 


Determined the pH of the soil suspensions with the pH meter as per dilutions, supplied with the instrument.  Stirred the suspension with a glass rod again just before taking the pH reading, washed the electrodes with diluted water after each determination. 

APPENDIX II

DETERMINATION OF ELECTRICAL CONDUCTIVITY
(Trivedy & Goel, 1986)

Principle


Conductivity is the measure of the current carrying capacity.  This gives a clear idea of soluble salts present in the soil.  Conductivity value depends on the dilution of soil.  

Procedure


Prepared a soil suspension by taking 20 g of soil in 50 ml of aerated distilled water.  Shaken mechanically for half an hour.  Measured the conductivity of the compost meter by directly dipping the cell into the suspension. 

APPENDIX III

ESTIMATION OF TOTAL DISSOLVED SOLIDS

Evaporation Method

(APHA, 1981)

Principle


Total dissolved solids are the material that remains after evaporation and drying of a water sample filtered through a fiber disk.

Apparatus


1) Filtration apparatus


2) Filter holder  


3) Gooch crucible  


4) Glass fiber filter disk  


5) Suction pump  

Procedure

1) Placed the Gooch crucible, applied vacuum and washed the disk for three or four times with distilled water.  

2) Dried the evaporating disk at 180o C + 2o C and cooled in the dessicator and weighed.

3) Filtered 100 ml to 250 ml of well mixed sample.  

4) From the filtrate, taken 100 ml in weighed evaporating dish and evaporated to dryness on a water bath. 

5) Dried further in an oven 108o C + 2 o C for 1 hour.  

6) Cooled the dish in the dessicator and weighed.  

Calculation

Total Dissolved Solids mg/l = (A-B) x1000






     C

where

A = Weight of dried solids + Dish (mg)

B = Weight of dish (mg)

C = Volume of sample used (ml)

APPENDIX IV

DETERMINATION OF TOTAL SUSPENDED SOLIDS

Filtration Method
(APHA, 1998)

Principle


A well mixed sample is filtered through a weighed standard glass-fiber filter and the residue retained on the filter is dried to a constant weight at 103o C -105o C.  The increase in weight of the filter represents the total suspended solids. If the suspended materials clogs the filter and prolongs filtration, it may be necessary to increase the diameter of the filter or decrease the sample volume.  

Procedure


Filtered 250 ml of the effluent through a tarred filter paper by applying suction.  Washed the filter paper with distilled water to remove the soluble salts.  Dried the filter paper for at least one hour in an oven at 103o C - 105. C.  The increase in weight was the total suspended solids.  Expressed the results as mg total suspended solids per litre of the sample.  

APPENDIX V
ESTIMATION OF SULPHATE BY TURBIDIMETRIC METHOD

(Gopalan and Anand, 1990)

Principle


Sulphate ion is precipitated in the form of barium sulphate by adding barium chloride in the presence of hydrochloric acid.  The concentration of sulphate can be determined from the absorbance of the light by barium sulphate and then comparing it with a standard curve.  

Reagents

1) Standard sodium sulphate solution: 147.9 mg of anhydrous sodium sulphate was dissolved in distilled water and made up to 100 ml with the same.

2) Conditioning reagent: 75 g of sodium chloride was dissolved in 30 ml con. Hcl and 100 ml of ethanol were mixed in 300 ml of distilled water.  To this, 50 ml glycerol was added.  

3) 5% Barium chloride solution: 5 g of barium chloride crystals were dissolved in 100 ml water.  

Procedure

1) Measured 100 ml sample or a suitable aliquot made up to 100 ml into a 250 ml Erlenmeyers flask.

2) Added 5.0 ml conditioning reagent and mixed in the stirred apparatus.

3) Added 0.5 ml 5% of barium chloride solution and noted the time.  Stirred for exactly 1 min at constant speed.  

4) Immediadtely after the stirring period, pour some of the solution into the absorption cell of photometer and measured turbidity at 30 sec.intervals for 4 mins.  
5) Estimated the sulphate concentration in the samples by comparing with sulphate standard carried through the entire procedure as the samples by taking 1.0, 2.0, 3.0, 4.0 and 5.0 mg/ml. 

Calculation

mg SO4/ L   =  mg sulphate x 1000





ml sample
APPENDIX VI
DETERMINATION OF CHLORIDE

Silver Nitrate Method

(Vogel, 1966)

Principle


Silver nitrate reacts with chloride ions to form silver chloride.  The competition of reaction is indicated by the red color produced by the reaction of silver nitrate with potassium chromate solution which is added as an indicator.  



AgNO3 + Cl                         Agcl + NO3-

2 AgNo3 + KCrO4                           AgCrO4 + 2 KNO3
Reagents

1) 0.05 N Sodium chloride: Dissolved 2.935 g of Nacl is  in distilled water and made upto one liter.  

2) 0.05 N Silver nitrate: Dissolved 8.494 g of AgNO3 in distilled water and made up to one liter.  Standardized it against standard Nacl solution (0.05 N) and keep in amber colored bottle away from light.  

3) Potassium chromate indicator solution (5%): 0.5 g of potassium chromate indicator was dissolved in water.
Procedure

1) In a clean titration flask taken 10 ml of the soil extract. 

2) Added 2-3 drops of potassium chromate indicator solution.

3) Titrated against standard silver nitrate solutions with constant stirring until a slightest perceptible reddish coloration persist.  

4) Conducted a blank by placing 100 ml chloride free distilled water instead of sample.  

Calculation

 Cl g/L   =  Normality of AgNO3 x Volume of AgNO3  x 35.5                                                                   





ml of aliquot taken

APPENDIX VII

DETERMINATION OF ORGANIC CARBON
Colorimetric method

(Datta et al., 1962)

Principle 


The oxidation of soil organic mater is carried out by dichromate- sulphuric acid mixture and the intensity of the green colour of the chromium sulphate formed is measured to give directly the amount of carbon oxidised.

Reagents

1) 1N potassium chromate

2) Concentrated sulphuric acid with 1.25 g of silver sulphate per 100 ml.

3) Sucrose (anhydrous)

Procedure

1) Placed one gram of soil in dry 100 ml conical flask.

2) To this added 10 ml of 1N K2Cr2O7 and swirled a little followed by addition of 20 ml of con. sulphuric acid and swirled again and kept for 30 minutes. 

3) Now the content in the flask was carefully centrifuged to a clear state.  

4) The green chromium sulphate colour of the supernatant layer was read in the colorometer after adjusting the blank solution to zero using 660 nm (red) filter.  

APPENDIX VIII

ESTIMATION OF AVAILABLE NITROGEN

Alkaline Potassium Permanganate Method

(Subbiah and Asija, 1956)

Principle


The amount of soil nitrogen released by the potassium permanganate oxidation of part of soil organic matter is estimated by distillation with sodium hydroxide.  The distillate is collected in boric acid containing double (mixed indicator) and treatment against standard sulphuric acid.  

Reagent

1) 0.32% potassium permanganate

2) 2.5% sodium hydroxide

3) Double (mixed) indicator: 


Bromocresol green (0.5 g and methyl red (0.01 g) were) dissolved in 100 ml of ethyl alcohol.

4) Standard sulphuric acid (N/50)

5) 2% Boric acid

Procedure

1) Weighed 20 g of sample and transferred to a distilled flask.

2) Added 20 ml of distilled water and 1.0 ml of liquid paraffin.

3) Added a few glass beads (with holes) to prevent bumping and then added 100 ml of 0.32% potassium permanganate solution and 100 ml of 2.5% sodium hydroxide solution.  

4) Distilled the contents of a steady rate was collected. 

5) The liberated ammonia in a 500 ml ice tumbler containing 20 ml of boric acid with double (mixed) indicator.

6) Continued the distillation for about 30 minutes until 100 ml of distilled was collected in the beaker.  

7) Titrated the ammonium collected against the standard sulphuric acid (N/50) and from the titre value (a) was calculated as available nitrogen content of the soil.  

Calculation

Amount of available nitrogen present in 100 g of soil = 0.00028a x100 g
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APPENDIX IX

ESTIMATION OF AVAILABLE PHOSPHORUS

Colorimetric Method

(Olsen et al., 1954)

Principle


This method of extraction of available soil phosphorus was suited for calcareous and alkaline soils.  The CO3 2- ions from NaHCO3 will react with Ca2+ and CaCO3 in the solution.  The amount of phosphorus extracted was determined colorimetrically.  

Reagents

1) 0.5 M sodium bicarbonate (pH adjusted to 8.5)

2) Activated carbon (made phosphorus free by washing with 0.5 M sodium bicarbonate)

3) Reagent A: 12 g of ammonium molybdate was dissolved in 250 ml of distilled water.  0.2918 g of antimony potassium tartarate was dissolved in 100 ml of distilled water.  Both the solution was added to 100 ml approximately 5 N sulpuric acid.  This solution was mixed throughly and made upto 2 litres with distilled water.                                                     

4) Reagent B: 1.058 g of ascorbic acid was dissolved in 200 ml of reagent.  This solution was prepared freshly as and when required.

Procedure

1) Weighed 50 g of soil and transferred to a 100 ml polyethlylene shaking bottle (carried out a blank side by side).  Added a pinch of activated carbon (to make the extracted solution colorless). 

2) Added 50 ml of 0.5M NaHCO3 and shook in a reciprocating mechanical shaker for 30 minutes. 

3) Filtered through whatmann number. 4 filter paper. 

4) Collected the filtrate in a clean dry beaker or test tube (the filtrate should be clear and colorless).

5) Pipetted out 5.0 ml of the filtrate in a 25 ml volumetric flask to about 20 ml with distilled water.

6) Added 4.0 ml of reagent B and made up the volume of 25 ml.  

7) Waited for 10 minutes for the color to develop ad thereafter measured the intensity of the blue color in the photoeletric colorimeter using a red filter (660 nm wavelength) and adjusting the the meter to 100 percent transmittance with the blank.  

8) From the standard curve for phosphorus, found out the concentration of phosphorus (ppm) in the solution against the percent transmittance observed in the above step. The result was expressed in g%.

Calculation

Available Phosphorus (kg ha-1) = volume of extractant/volume of aliquot                                                      
                                                         weight of soil.

APPENDIX X

ESTIMATION OF AVAILABLE POTASSIUM

Flame Photometric Method

(Stanford and English, 1949)

Principle


The potassium (K+) ions in the exchange sites are replaced with NH4 ions and leached from the soil.  The K+ ions in solution is then determined with the flame photometer.  

Reagents

1) Neutral normal ammonium acetate

2) Standard potassium solution  

Procedure

1) Weighed 5.0 g of soil and transferred it to a 100 ml polythene shaking bottle.  

2) Added 25 ml of neutral normal ammonium acetate and shook in a mechanical reciprocating shaker for 5 min.  

3) Filtered through dry Whatman No. 40 filter paper collecting the filtrate in a rdry test tube or beaker or injection vial.  

4) Measured the amount of potassium in the filtrate in the flame photometer.

Calculation

Potassium content (g percent) = Potassium concentration in ppm x 100 x                                                               

                                                              10 6 x 5 x 0.5

APPENDIX XI

ESTIMATION OF CALCIUM AND MAGNESIUM

Versanate Method

(Natarajan et al., 1988)

Principle


Ethylene diamine tetra acetic acid (EDTA) forms stable complex with various polyvalent cations at different pH levels.  Calcium and magnesium get complexed by EDTA in the order calcium first and magnesium afterwards at different pH levels of 12 and 16 respectively.  Hence calcium was first estimated by titration with EDTA using Murexide indicator in the presence of sodium hydroxide at pH 12.  Then magnesium was estimated together with calcium using Eriochrome black - T indicator at pH 10 in the presence of ammonium hydroxide buffer solution.  

Reagents

1) 10% sodium hydroxide solution

2) Murexide indicator

3) Eriochrome Black - T indicator     

4) Ammonium chlorde- ammonium hydroxide buffer : 


Dissolved 67.5 g of ammonium chloride in 570 ml of con. ammonia and made up to one litre.

5) 0.01 N EDTA

6) Calcium standard solution:  


1.0 g of calcium carbonate was dissolved in one litre of water using 20.5 ml of Hcl and warming.

Procedure  

Calcium alone


Pipetted out  5 ml of the aliquot into a porcelain dish and added 5 ml of 10% sodium hydroxide.  Put a red litmus paper and tested whether it turned into blue or not. Then added a 40-50 mg of murexide indicator.  Titrated this against 0.01 N EDTA till the colour changed from pink red to violet.  This titre value is represented value of calcium alone.  

Calcium and Magnesium


Pipetted out 5 ml of the aliquot into a porcelain dish.  Put a red litmus paper and added ammonium chloride- ammonium hydroxide buffer solution till the litmus paper turned into blue.  Then added few drops of Eriochrome Black - T indicator.  Titrated this against 0.01 N EDTA solution for soil and plant sample and against 0.02 N EDTA for water samples, till the color changed from purplish red to sky blue color.  

Calculation

Calcium alone

Ca 2+ g/ L = Normality of EDTA x Volume of EDTA x 20



                          ml of aliquot taken

Calcium and Magnesium

Ca2+ + Mg2+ in g/ L = Normality of EDTA x Volume of EDTA x 32.196






ml of aliquot taken

APPENDIX XII

ESTIMATION OF CARBOHYDRATE BY ANTHRONE METHOD
(Hedge and Hofreiter, 1962)

Principle


Carbohydrates are first hydrolyzed into simple sugars using dilute hydrochloric acid.  In hot acidic medium glucose is dehyromethyl furfural.  This compound forms with anthrone a green coloured product with an absortion maximum at 630 nm.  

Reagents

1) 2.5 N Hcl

2) Anthrone reagent: Dissolved 200 mg of anthrone in 10 ml of ice cold 95% H2SO4.

3) Standard Glucose:  Stock -dissolved 100 mg of glucose in 100 ml water.  

4) Working standard:  10 ml of diluted to 100 ml with distilled water.

Procedure

1) Weighed 100 mg of the sample into a boiling tube.

2) Hydrolyzed by keeping it in a boiling water bath for three hours with 5 ml of 2.5 N Hcl and cooled to room temperature.

3) Neutralized it with solid sodium carbonate until effervescence ceases.  

4) Made up the volume to 100 ml and centrifuged.  

5) Collected the supernatant and took0.5 and 1.0 ml aliquots for analysis.  

6) Prepared the standards by taking 0, 0.2, 0.4, 0.6, 0.8 and 1.0 ml of the working standard. 'O' served as blank.

7) Made up the volume to 1.0 ml in all the tubes including the sample tubes by adding distilled water.  

8) Then added 4 ml of anthrone reagent.  

9) Heated for 8 min in a boiling water bath.  

10) Cooled rapidly and read the green to dark green color at 630 nm.  

11) Drew a standard graph by plotting concentration of the standard on the X- axis versus absorbance on the Y- axis.  

12) From the standard graph calculated the amount of carbohydrate present in the sample tube.

Calculation

 Amount of carbohydrate present in 100 mg of the sample 
=   mg of glucose x 100

                                                       Volume of test sample
APPENDIX XIII

ESTIMATION OF PROTEIN BY LOWRY'S METHOD

(Lowry et al., 1951)
Principle


The blue colour developed by the reduction of the phosphomolybdic- phosphotungstic components in the Folin-Ciocalteau reagent by the amino acids tyrosine and tryptophan present in the protein plus the colour developed by the biuret reaction of the protein alkaline cupric tartarate are measured in the Lowry's method.  

Reagents

1) 2% sodium carbonate in 0.1 N sodium hydroxide (Reagent A).

2) 0.5% copper sulphate(CuSo4. 5H2O) in potassium sodium tartarate (Reagant B).  

3) Alkaline copper soluton: Mixed 50 ml of reagent A and reagent B prior to use (Reagent C).

4) Folin- Ciocalteau reagent.

5) Stock standard: Weighed accurately 50 mg of BSA and dissolved in distilled water and made upto 50 ml in a standard flask.  

6) Working standard: Diluted 10 ml of the stock solution to 50 ml with distilled water.  

Procedure  

Extraction of proten from sample 


Extraction is usually carried out with buffers used for the enzyme assay.  Weighed 500 mg of the sample and grind well with a pestle and motor in 5-10 ml pf 10% TCA. Centrifuge and use the supernatant for protein estimation.  

Estimation of Protein

1) Pipetted out 0.2, 0.4, 0.6, 0.8 and 1.0 ml of the working standard into a series of test tubes.  

2) Pipetted out 0.1 ml and 0.2 ml of the sample extract in two other tubes.  

3) Made up the volume to 1.0 ml in all the test tubes.  A tube with 1.0 ml of water served as the blank.

4) Added 5.0 ml of reagent C to each tube including the blank.  Mixed well and allowed to stand for 10 min.

5) Then added 0.5 ml of reagent D, mixed well and incubated at room temperature in the dark 30 min.  Blue color was developed.  

6) Took the readings at 660 nm.  

7) Drew a standard graph and calculated the amount of protei n in the sample.  

Calculation

      Expressed the amount of protein mg/ g or 100 g sample.

Figure 1. pH and Electrical Conductivity               
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