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1. INTRODUCTION

                Soil is a living system with dynamic physico-chemical and biological properties. The microbes present in the soil are responsible for the living nature of the soil. The organic matter in the soil enhances the microbial activity in the soil (Zende, 1997) and is the key property that decides the availability status of essential nutrients (Katyal, 2000).

                Agricultural development is changing rapidly with the advancement of science and technology. It is widely accepted that, for sustainable agriculture, a balanced fertilizer application with efficient use of other inputs is the key to achieve higher crop production. Repeated and higher applications of fertilizers lead to the deterioration or degradation of soil properties besides causing environmental damage. So to maintain long-term productivity, it is essential to maintain soil fertility level through judicious application of organic manures, biofertilizers and chemical fertilizers. At the same time it ensures balanced nutrients for normal growth of the plant without affecting the ecosystem (Parmer, 2000).

               Organic farming is a production system, which avoids or largely excludes the use of synthetically manufactured fertilizers, pesticides, growth regulators and livestock additives (Kler and Walia, 2004). The potential organic manures include material derived from plant and animal sources viz, cattle dung and excreta of other animals, crop residue wastes and green manures. The industrial byproducts like pressmud, coirpith and biofertilizers are also included in organic sources (Ganeche et al., 1999). Although organic manures contain plant nutrients in small amounts compared to inorganic fertilizers, they contain all the plant nutrients and other growth promoting principles like enzymes and hormones while no synthetic chemical fertilizers can supply all these together (Prabu Kumar et al., 2006). Organic manures are indispensable factor in vegetable production and maintaining soil health (Singh and Kalloo, 2000).

               Biofertilizers are microbial inoculants and they enhance crop production through improving the nutrient supplies and their availability (Wani and Lee, 1995). They are apparently environment and farmers friendly renewable source of non-bulky, low cost organic agro-input (Marwaha, 1995). They are live microbial cells such as cyanobacteria, nitrogen fixing bacteria (such as Rihizobium, Azotobacter, Azospirillum etc) and phosphate solubilizing bacteria (such as Bacillus) (Tripathy et al., 2005).

                Azospirillum is an associative micro aerophilic fixer (Shinde and Patil, 1995) and plant growth promoting Rhizobacteria (PGPR) (German et al., 2000). Bacterial phytohormone production and nitrogen fixation are recognized as process involved in plant growth promotion by Azospirillum, leading to better root development and enhanced water and mineral uptake (Steenhoudt and Vanderleyden, 2000; Dobbelaere et al., 2001).

               Phosphorus, one of the major nutrients limiting plant growth, is rapidly immobilized after addition to soil, and thus, it becomes unavailable to the plant. Seed or soil inoculation with phosphate solubilizing bacteria (PSB) such as Bacillus species can solubilize fixed soil phosphate and applied phosphates, resulting in higher crop yields (Puente et al., 2004) and also in increased inorganic phosphate availability to the plant by mineralization of organic phosphate (Canbolat et al., 2006).

                  Vermicomposting is the process in which earthworms are used for the conversion of organic wastes in to vermicompost, an excellent organic matter or it is the degradation of organic waste by earthwormic consumption.

                  Regular inputs of feed materials for the earthworm can be in the form of agrowastes, kitchen wastes, and nitrogen rich materials like cattle dung. By processing wastes in to organic fertilizers, organic solid wastes can be treated. Vermicomposting therefore is a solid waste management strategy in which organic solid wastes are considered as resources (Abbasi and Ramaswamy, 2001).

                  Chemical fertilizers like N, P and K have played significant role in increasing the yield and quantity in early seventies. But in the recent years, by the usage of chemical fertilizers indiscriminately in an unbalanced manner has led to several problems like loss of fertility, soil health, multiple nutrient deficiencies and loss of microbial activities ultimately resulting in reduced crop productivity and quality (Hari et al., 2006). In respect of this, application of N, P and K is of prominent importance. N stimulates vegetative growth; P helps in early establishment of crop and formation of fibrous and strong root system and potash helps in the biosynthesis of carbohydrates and its translocation from leaves to the growing points (Saikia et al., 2005).


Recent epidemiological studies suggest that vegetables and fruits contain anticancer promoting components. Spinacea oleracea (spinach), a green leafy vegetable cultivated worldwide contains such nutritive components as vitamin C and iron (Wang et al., 2002). Some biofunctions such as antimutagenic (Tang and Edenharder, 1997), antioxidant (Cao et al., 1998) and anticancer activities also have been reported for spinach.


Hence a study was undertaken to find out the “Effect of Individual and Combined Application of Biofertilizers, Inorganic fertilizer and Vermicompost on the Growth and Yield of Spinach (Spinacea oleracea)”.

2. REVIEW OF LITERATURE

The review of literature pertaining to the study “Effect of Individual and Combined Application of Biofertilizers, Inorganic fertilizer and Vermicompost on the Growth and Yield of Spinach (Spinacea oleracea)” has been discussed under the following headings 

2.1.    Introduction

2.2.    Biofertilizer

2.3.    Nitrogenous biofertilizer

2.4.    Azospirillum
2.4.1. Crop response

2.5.    Phosphatic biofertilizer

2.5.1. Crop response

2.6.    Combined effect of Azospirillum and Phosphobacteria on crops
2.7.    Vermicompost

2.7.1. Crop response

2.8.    Inorganic fertilizer

2.8.1. Nitrogen fertilizer

2.8.2. Phosphate fertilizer

2.8.3. Potash fertilizer

2.9.    Spinacea oleracea

2.1. Introduction

Increased crop production can be achieved by adopting improved cultivation practices including the application of adequate quantity of needed nutrients to the crops. The farmers generally apply the major nutrients i.e., N, P and K through inorganic fertilizers. But the soil fertility cannot be maintained with the application of inorganic fertilizer alone (Ali and Mishra, 2000). Farmers have to use more and more 

fertilizers year after year to obtain the same yield level as of the previous year (Quyen and Sharma, 2003).

At the same time, in view of increasing nutrient demand, there is an immense need to exploit the alternative sources of nutrients (organic materials and biofertilizers) to maintain the productivity with more environment friendly nutrient management system (Ali et al., 2000).

                Several studies have shown that the biofertilization enhances the expansion of root systems, seed germination and plant growth (Behl et al., 2003). The integrated nutrition comprising vermicompost and biofertilizers such as nitrogen fixing Azospirillum, phosphorus solubilising Phosphobacteria on application to soil, achieves higher yields and sustains the soil health (Jayabal and Kuppuswamy, 2001).

2.2. Biofertilizer

Biofertilizers are environment friendly, low cost agricultural input playing a significant role in improving nutrient availability to the crop plants. It is a wide term including a diverse category of bioinoculants such as nitrogen fixers (symbiotic and asymbiotic), phosphate solubilizers and plant growth promoting Rhizobacteria. Performance of biofertilizers is highly unpredictable due to their biological nature and susceptibility to biotic and abiotic stresses. However there is a consistent trend of increased effectiveness on account of the use of biofertilizers supplemented with chemical fertilizers (Tilak and Singh, 1996).

               Biofertilizers increases the physico-chemical properties of soil structure, texture, water holding capacity, cation exchange capacity and pH by providing natural nutrients and sufficient organic matter. They can also be used as a possible tool to reclaim saline or alkaline soil because of their ameliorating effect on the physico-

chemical properties of the soil (Dubey, 2004). Biofertilizers not only supply the major nutrients, but also micronutrients like Zn, Fe, Cu, etc (Raj, 2002).

2.3. Nitrogenous biofertilizers

                     These are mostly bacterial biofertilizers viz Rhizobium, Azotobacter and Azospirillum. Rhizobia are symbiotic nitrogen fixing bacterias which fix nitrogen in association with root nodules of leguminous crop while other two are non symbiotic and they fix nitrogen independently. Azotobacter and Azospirillum not only fix atmospheric nitrogen but also produce growth-promoting substances. These biofertilizers are mostly used in peas, beans, tomato, brinjal, chilli, cauliflower, cabbage, knol khol, radish, carrot, onion, okra, etc. in different parts of country (Kanaujia and Narayan, 2003).

2.4. Azospirillum

Azospirillum is a diazotropic bacterium used as a biofertilizer for a variety of crops like rice, maize, cotton, sugarcane, sorghum, sunflower, greens and vegetables including plantation crops (Kulanthaivel et al., 2006). Five species of Azospirillum have been described to date, A.brasilense, A.lipoferum, A.halopraeferens, A.amazonense, A.irakense (Holguin et al., 1999). Inoculation of plants with Azospirillum is usually done by seed treatment. Azospirillum produces phytohormones such as auxins (IAA), cytokines and gibberillins which promote root growth and plant dry weight.  

                       Azospirillum colonize plant roots (Steenhoudt et al., 2001) and brings about nitrogen assimilation, which includes uptake of NO3-, its reduction to NO2-, the conversion of NO2- to NH4+ and incorporation of NH4+ in to aminoacids (Kumutha et al., 2006).

              Azospirillum effects depend upon inoculum concentration, plant species, timing of inoculation and environmental conditions (German et al., 2000). Among the free-living N fixing bacteria Azospirillum is considered to be the more efficient with 

nitrogenase properties comparatively better than other N fixers (Okon, 1985). Nitrogenase brings about reduction of molecular nitrogen to ammonia, which is utilized by the plants (Latorre et al., 1986).

2.4.1. Crop response

           Azospirillum are micro-aerophilic in nature. They are found in association with vegetable crops either freely in soil or inside the root system. Inoculation with Azospirillum have registered increased yield in different vegetable crops (Mohandas, 1997).

          Kumar and Sharma (1999) observed that the plant height, number of leaves, stem growth, leaf area, dry matter accumulation, green fodder yield either increased significantly or tend to increase with an increase in the dose of farm yard manure, nitrogen application and inoculation with Azospirillum brasilense.

When Azospirillum is supplied at 2 kg per hectare, it has increased the nutrient content and yields in chilli, Bellary onion, okra, cabbage, brinjal, tomato and capsicum (Subbaiah, 1994).

Azospirullum enhanced the leg heamoglobin content and nitrogenase activity in wheat nodules. Azospirullum brasilence and Bacillus subtilis enhances the leaf area, chlorophyll content, total biomass production and grain yield under field conditions. Yield get increased from 15 to 64 per cent for sorghum, peal millet, oats etc (Panwar      et al., 2001).

2.5. Phosphatic biofertilizers

         Phosphorus, one of the major nutrients limiting plant growth (Canbolat et al., 2006) exists in nature in a variety of organic and inorganic forms, but primarily in either 

insoluble or very poorly soluble inorganic forms. Soluble forms of P fertilizer applied to the soil are easily precipitated as insoluble forms. This often leads to an excess application of P fertilizer to cropland. This unmanaged excess may be both an environmental and economic problem.

                Supplying P for plant uptake through biological means is a viable alternative (Kim et al., 1998). Phosphorus solubilizing microorganisms help plants not only in augmenting the phosphorus availability but also in mobilizing the chemically fixed phosphorus in soil, thereby reducing the dependence on chemical fertilizers (Gaur and Gaind, 1999). Phosphate solubilizing microorganisms include bacteria as well as fungi and among bacteria, the most efficient phosphate solubilizers belong to the genera Bacillus and Pseudomonas (Dave and Patel, 1999).

               Phosphate solubilizing bacteria (PSB) solubilize insoluble P by producing various organic acids. Plants take up this available P. The PSB may release several organic acids including oxalic, citric, butyric, malonic, lactic, succinic, malic, gluconic, acetic, glyconic, fumaric, adipic and 2- ketogluconic acid (Kim et al., 1998). Masky and Msanya (1985) observed increasing concentration of organic acids.

              The term “phophatases” is used to describe a group of enzymes that catalyze the hydrolysis of esters and anhydrides of orthophosphoric acid (Margesin and Schinner, 1994). Phosphatases, which hydrolyse organic phosphorus compounds to plant available forms of inorganic phosphorus are produced by plant roots and microorganisms (Tarafdar and Claassen, 1988). 

Other than solubilizing phosphorus, the Phosphobacteria have also been found to produce many plant growth promoting substances. Baya et al. (1981) observed production of B group vitamins by phosphate dissolving bacteria in the rhizophere for increased growth.

2.5.1. Crop response


Phosphorus deficiency is a factor, which limits crop production in tropical and subtropical soils, but significant increase in wheat yield has been reported due to inoculation of seed with phosphate solubilizing microorganisms (Singh et al., 2006). Gain and Gaur (1991) reported that Bacillus subtilis inoculants increased biomass, grain yield and P and N uptake of mung bean grown in a phosphorus deficient soil amended with rock phosphate.

In other field study, Datta et al. (1982) found that phosphate solubilizing and indole 3 acetic acid producing strains of B. fermis increased the grain yield and P uptake of rice in a phosphorus deficient soil amended with rock phosphate.
2.6. Combined effect of Azospirullum and Phosphobacteria on crops

The synergestic effect of phosphorus solubilizing bacteria with nitrogen fixing microbes has been proved over many traits with mixed inoculations, which has been found superior to single culture.


Belimov et al. (1995) reported a significant positive effect on grain yield of barley after inoculation with Azospirullum lipoferum 137 and phosphate solubilizing strain Agrobacterium radiobacter10.


Application of Phosphobacteria and Azospirullum to onion saved 25 per cent of fertilizer input in addition to improvement in color and pyruvic acid content of bulbs (Thilakavathy et al., 1978).


Combined inoculation of Pseudomonas striata or Bacilus polymyxa and Azospirullum brasilense significantly increased grain yield, dry matter yield and nitrogen and phosphorus uptake of sorghum with or without fertilizers (Alagawadi and Gaur, 1988).

2.7. Vermicompost 


Vermicompost is a latest biotechnological process of composting aided by earthworms (Vasanthy et al., 2005). 

Composting is a biological aerobic decomposition of organic residues in which labile organic matter is degraded to CO2, H2O, NH3, inorganic nutrients and stable organic material containing humic like substances (Ramos et al., 2005).


Certain species of earthworm can rapidly fragment organic material residues into much finer particles by passing them through a grinding gizzard, an organ that all annelidae possess (Ndegwa and Thomson, 2001). Additionally, earthworms reduce number of pathogens and the same effect is obtained in traditional composting by increase in temperature (Elvira et al., 1998).


Vermicompost is unique compost produced by earthworms from wide range of wastes (animal waste, aquaculture waste, city garbage, industrial waste, kitchen waste etc). Vermicompost is richer than any compost, as it contains not only water soluble nutrients but also many micronutrients, vitamins, enzymes, antibodies and useful microflora like Azospirullum, Actinomycetes and Phosphobacillus, which make it unique manure for exploitation in agriculture (Ansal et al., 2006). It has been shown that vermicompost produced from cattle manure can suppress some soil borne pathogenic fungi (Szczech and Smolinska, 2001).


Vermicompost is a blakish-brown humas like coarse granular material which is loose, fine, soft to touch, light in weight and free from any foul smell, having electrically charged particles meant for improved absorption of plant nutrients in soil (Dhiman and Battish, 2005). Vermicompost is rich in plant nutrients. The vermicompost is the granular aggregates, the stability of which is due to the mucopolysaccharides of microbes and earthworms (Bhawalker, 1991).

2.7.1. Crop response 


Vermicompost application increased the growth and yield of pepper significantly, including leaf area and plant shoot biomass (Arancon et al., 2004). 

Angadi and Radder (1996) indicated that the use of vermicompost at the rate of 2.5 t ha-1 increased the grain and straw yield of rice and could save 50 per cent of recommended N, P, K fertilizers in upland rice.

Fruit yield of okra increased by 14 per cent due to application of vermicompost at rate of 1.5 t ha-1 over the treatment receiving no manure and fertilizer (Dademal, 2000).

Application of vermicompost increased the available N, P and K content of soil (Jambhekar, 1990)

Rajkhowa et al.  (2002) opined that the vermicompost alone or in combination with different levels of fertilizer have significantly influenced the yield of greengram.

Marimuthu et al. (2002) observed that the application of vermicompost significantly increased the dry matter production, which had attributed to the increased number of leaf, leaf area index and greater accumulation of nitrogen in groundnut.

2.8. Inorganic fertilizer

The role of fertilizer in agriculture cannot be over emphasized. In fact fertilizer use is considered a barometer of agricultural production. But to get maximum benefit from the fertilizer, it must be applied in the right time, synchronizing with the demand of the crop and right place by appropriate method of application and from the right source.

Soil fertility investigation in India have shown that the majority of the soils were deficient in nitrogen (Table I). The deficiency of phosphorus is wide spread. However, Indian soils are mostly well supplied with potassium (Meelu and Singh, 2000).
                                                                   Table I

      Nutrient Status of Indian Soils (Tandon, 1995)
	Nutrient
	Soil fertility status (No of Districts)

	
	Low
	Medium
	High

	N

P

K
	228

170

47
	118

184

192
	18

17

122


Effect of NPK is of paramount importance, nitrogen stimulates vegetative growth; phosphorus helps in early establishment of crop and formation of fibrous and strong root system there by helping absorption of nutrient from the soil and contributing towards rapid growth in seedling (Gunjikar et al., 1999). The supply of N, P and K with biofertilizers at critical stages of crop growth proves efficient increasing in crop yield and nutritive value (Ghodpage and Datke, 2005).

2.8.1.Nitrogen fertilizer


Nitrogen is one of the most important nutrients limiting plant growth in both natural and managed ecosystems. Nitrogen availability in soil is influenced by several factors, eg, soil moisture, soil temperature, pH, organic matter etc (Liu et al., 2006).


Nitrogen fertilizers encourages the development of foliage and imparts green color to leaves. If it is lowered, it causes delay in maturity, decreases the resistance to disease and it may weaken the stems and cause lodging in cereals (Mamoria and Tripathi, 2003). Nitrogen fertilizer promotes the growth and increases the biomass of 

plants, this is due to the fact that nitrogen has a positive action on vegetative growth of plants (Muthumanickam and Balakrishamurthy, 1999).  


Nitrogen is largely used in the synthesis of proteins, so when nitrogen supply is adequate, proteins are formed from manufactured carbohydrates which helps in increasing the plant height (Panchabhai et al., 2005). Nitrogen is found to be effective in increasing the seed yield, when phosphorus is applied in lower doses. This is due to the better assimilation of nitrogen in presence of lower phosphorus content (Pawar, 2000).


However, over supply of nitrogen to plants may cause economic loss and environmental degradation as well as reduction in food quality (Liu et al., 2006).

2.8.2. Phosphate fertilizer


Phosphorus is one of the three major essential nutrients, which plays a key role in the vital energy transformations in the living tissues, is rightly called as the “Mineral of Life” (Goswami and Kamath, 1984). Phosphorus is immobile in the soil system and the crop to can utilize hardly 15-20 per cent of the applied phosphorus, while the rest remains in the “fixed” state in the soil, being influenced by various physico-chemical and biological mechanisms (Raju et al., 2005).


Phosphorus being a constituent of ATP is involved in diverse process such as cell division, energy transduction through photosynthesis, biological oxidation and nutrient uptake. The average soil is rich in phosphorus as it contains about 0.05 per cent phsphorus, but only 1/10th of this is available to plants due to its poor solubility and chemical fixation in the soil (Scheffer and Schachtschabel, 1992). About 98 per cent of the cultivated area in our country requires phosphatic fertilization to get high crop productivity and profitable yield. This can be achieved by the use of either chemical fertilizer or through microorganisms (Ulrich and Summer, 1991).

Phosphorus increases the number and size of lateral and fibrous roots, fillers and the ratios of grains to straw in cereals, essential for seed formation, development of disease resistance by crops and provides a strength to the stem and thus prevents lodging (Brar and Der, 1997).

2.8.3. Potash fertilizer


Potassium is the third major nutrient after nitrogen and phosphorus required for the build up of biomass in plants. Potassium plays a major role in the nitrogen metabolism of the plants and as such its deficiency seriously impairs the crop performance (Kaur and Banipal, 2005).   


Potassium influences the chlorophyll synthesis, photosynthesis, polysaccharide metabolism, buffering and many other reactions in plants. In both plants and higher animals, it sustains the colloidal state of protoplasm (Rao and Perur, 1975). Application of potassium and phosphorus, individually or in combination has found to influence the growth and metabolic transport which lead to proper vegetative growth and ultimately increased flower yield in many herbaceous ornamental plants (Deshpande et al., 2005).

2.9. Spinacea oleracea

Spinacea oleracea is a commonly consumed green leafy vegetable in different parts of India (Reddy and Bhatt, 2001). This is widely cultivated in spring, autumn and winter seasons (Zhang et al., 2005). Fugal and viral diseases are generally recognized as the most economically important constraints in spinach production (Vito et al., 2004).

Spinach is a good source of vitamin A, B1, B2 and C, as well as minerals such as calcium, iron and magnesium (Zhang et al., 2005). Spinach is rich source of carotenoids, which are natural antioxidants. Spinach is rich in carotenoids like lutein and zeaxanthin (Glaser et al., 2003). Porrini et al. (2002) have shown that consumption of spinach and tomato increases lymphocyte DNA resistance to oxidative stress.

3. experimental procedurE

The following experimental procedures were employed to identify the “Effect of Individual and Combined Application of Biofertilizers, Inorganic fertilizer and Vermicompost on the Growth and Yield of Spinach (Spinacea oleracea)”. The experimental procedures were discussed under following headings

3.1.   Preparation of the soil

3.2.   Collection of biofertilizers and vermicompost

3.3.   Collection of seeds

3.4.   Pot culture layout and treatment

3.5.   Sowing of seeds and maintenance of crops

3.6.   Harvest methodology

3.7.   Biometric observations

3.8.   Biochemical analysis

3.9.   Soil analysis

3.10. Statistical analysis

3.1. Preparation of the soil

Each of the pot was filled with 5 kg of red soil. The soil was mixed with different combinations of biofertilizers (Azospirillum and Phosphobacteria), inorganic fertilizer and vermicompost. Azospirillum, Phosphobacteria were added at the rate of 20 g per 10 kg of soil. Vermicompost was added at the rate of 1 kg per 10 kg of soil

3.2. Collection of biofertilizers and vermicompost

Biofertilizers (Azospirillum and Phosphobacteria) and vermicompost were collected from Tamil Nadu Agricultural University, Coimbatore.

3.2.1. Triple-17 complex

Triple-17 complex was purchased from Agro services, Coimbatore.

3.3. Collection of seeds

Spinach seeds of Ooty variety were used for the analysis and the same were collected from Tamil Nadu Agricultural University, Coimbatore. Plate 1 shows the seeds of spinach.

3.4. Pot culture layout and treatment

A pot culture study was carried out with four replications for each treatment. The treatments were as follows

T0 - Red soil alone

T1 - Inorganic fertilizer (Triple-17 complex)

T2 - Azospirillum and Phosphobacteria
T3 - Triple-17 complex + Azospirillum and Phosphobacteria
T4 - Vermicompost

T5 - Vermicompost + Azospirillum and Phosphobacteria
T6 - Vermicompost + Triple-17 complex
3.5. Sowing of seeds and maintenance of crops

Spinach seeds were sown in each pot directly without any treatment. After germination 100 percent moisture was maintained. The plants were protected from the attack of insects and pests.

3.6. Harvest methodology

The plants were uprooted on the 45th day. The soil was removed by washing with water and the excess water was removed by blotting between the filter paper. Then these plants were used for biometric observations and biochemical analysis. Plate 2 depicts the growth of spinach plants on the 45th day. 
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GROWTH OF THE SPINACH PLANTS ON 45th DAS

PLATE 2

3.7. Biometric observations

3.7.1. Fresh weight

Harvested plants were weighed and the fresh weights were expressed in gram.

3.7.2. Shoot length

The height of the plant was measured from the point of first cotyledonary node to the tip of the longest leaf and the mean values were expressed in cm per plant.

3.7.3. Number of leaves

The total number of leaves in each plant were counted on the 45th day after sowing and expressed as number of leaves per plant.

3.7.4. Leaf area

The area of largest leaf of the plant is calculated and the mean values were expressed in cm2.

3.8. Biochemical Analysis

The biochemical parameters like chlorophyll, protein, carotenoids, total carbohydrate, total phenol, ascorbic acid, calcium, phosphorus, iron, peroxidase and catalase were analysed in the leaves. Nitrogen, phosphorus and potassium in vermicompost and soil were also analysed. The details of the methods used were given in Table II.

3.9. Soil Analysis

The initial and post harvest stage of soils were analysed for nitrogen, phosphorous and potassium and the methods of estimations were given in Table II.

3.10. Statistical Analysis

The results of the experiments were analysed by subjecting to statistical analysis like standard error of deviation and critical difference.

TABLE II

ANALYSIS OF BIOCHEMICAL PARAMETERS, ENZYMES AND VERMICOMPOST

	Parameters
	Parts of plant used
	Method of Analysis
	Reference
	Appendix Number

	BIOCHEMICAL ANALYSIS

	Total carotenoid
	Fresh

leaves
	Spectrophotometry
	Zakaria et al., 1979
	I

	Total phenol
	Fresh

leaves
	Colorimetry
	Sadasivam & Manickam, 1996
	II

	Ascorbic acid
	Fresh

leaves
	Spectrophotometry
	Roe & Keuther, 1953
	III

	Total cholorophyll
	Fresh

leaves
	Spectrophotometry
	Yoshida et al., 1971
	IV

	Protein
	Fresh

leaves
	Spectrophotometry
	Lowry et al., 1951
	V

	Total carbohydrate
	Fresh

leaves
	Colorimetry
	Hedge & Hefreiter, 1962
	VI

	Iron
	Leaves
	Spectrophotometry
	Wong, 
 1928
	VII

	Phosphorus
	Leaves
	Colorimetry
	Raghuramulu

et al., 2003
	VIII

	Calcium
	Leaves
	Titrimetry
	Raghuramulu

et al., 2003
	IX

	ENZYME ANALYSIS

	Peroxidase
	Fresh

leaves
	Spectrophotometry
	Reddy et al., 1995
	X

	Catalase
	Fresh

Leaves
	Titrimetry
	Thenmozhi & Sadasivam,1989
	XI

	SOIL ANALYSIS

	Nitrogen
	Vermicompost, Soil
	Titrimetry
	Subbaiah & Asija,1956
	XII

	Phosphorus
	Vermicompost, Soil
	Colorimetry
	Olsen et al.,

1954
	XIII

	Potassium
	Vermicompost,

Soil
	Flame Photometry
	Stanford & English,1949
	XIV


4. RESULTS AND DISCUSSION

Spinach (Spinacea oleracea) is an economically important green leafy vegetable crop in many countries (Vito et al., 2004).  This is a cool season vegetable as well as an annual crop.  The rosette of leaves produced during vegetative phase is used as vegetable.  Leaves are rich in Vitamin A and C, folic acid and minerals like iron, calcium and phosphorus.  Spinach is more popular in central and northern India (Chandha, 2001).

A study was carried out to reveal the “Effect of Individual and Combined Application of Biofertilizers, Inorganic fertilizer and Vermicompost on the Growth and Yield of Spinach (Spinacea Oleracea)”.

A pot culture experiment was laid out in completely randomized design (CRD) and each treatment was replicated for four times.  Each pot was uniformly filled with 5kg of soil and treated with different combinations of Azospirillum, Phosphobacteria, Triple-17 complex (N, P and K) and vermicompost.

The treatments were as follows

T0- Red soil alone

T1- Inorganic fertilizer (Triple – 17 complex)

T2- Azospirillum and Phosphobacteria
T3- Triple-17 complex + Azospirillum and Phosphobacteria

T4- Vermicompost

T5- Vermicompost + Azospirullum and Phosphobacteria

T6- Vermicompost + Triple-17 complex

The results of the study are discussed under the following headings

4.1.    Analysis of vermicompost

4.2.    Biometric observations in spinach

4.3.    Biochemical analysis

4.3.1. Total carotenoid, Total phenol and Ascorbic acid

4.3.2. Total chlorophyll, Protein and Total carbohydrate

4.3.3. Iron, Phosphorus and Calcium
4.3.4. Peroxidase and Catalase

4.4.    Soil analysis

4.4.1. Soil analysis at initial stage

4.4.2. Soil analysis at post harvesting stage

4.1. Vermicompost analysis


Vermicompost used for the study was analysed for nitrogen, phosphorus and potassium.  The data is represented in Table III.

TABLE III

Biochemical Constituents of Vermicompost

	Nutrients
	Vermicompost (%)

	Nitrogen
	1.12

	Phosphorus
	0.62

	Potassium
	0.58


Earthworms contribute several kinds of nutrient in the form of nitrogenous wastes.  The electrical conductivity of the vermicompost was found to increase due to the presence of exchangeable calcium, magnesium and potassium in the worm cost when compared to the soil (Umamaheshwari, 2005).

4.2. Biometric observations in Spinach

Table IV represents the fresh weight, number of leaves, shoot length and leaf area of spinach plant on the 45th day of sowing.

Table IV

      Fresh weight, Number of leaves, shoot length and leaf area of Spinach

	Treatments
	Fresh weight
	Number of leaves

 per plant
	Shoot length cm
	Leaf area 

cm2

	T0
	1.26
	5.50
	11.90
	13.20

	T1
	2.65
	6.66
	16.11
	23.27

	T2
	1.29
	5.66
	13.40
	11.89

	T3
	3.39
	6.50
	15.85
	19.11

	T4
	3.84
	6.25
	19.36
	27.09

	T5
	2.48
	6.25
	16.56
	22.45

	T6
	5.91
	6.66
	22.03
	36.58

	SED

CD (P<0.05)
	0.431

0.911
	0.123

0.259
	0.913

1.927
	2.258

4.764


Fresh weight


All the treatments were found to be superior, recording higher fresh weight when compared to the control. Among the treatments, the treatment T6 (Vermicompost + Triple- 17 complex) recorded the highest fresh weight, which was followed by T4 (Vermicompost) and T3 (Triple-17 complex + Azospirillum and Phosphobacteria) respectively.

Number of leaves

The number of leaves were counted on the 45th day of sowing. Even though the application of various biofertilizers and chemical fertilizer were found to enhance the number of leaves over control, there was not much significant difference in the number of leaves among different treatments.

Shoot length

The treatment T6 was found to be superior, recording a maximum shoot length of 22.03 cm /plant.  This was followed by T4, T5, T1 and T3.

Application of vermicompost along with NPK has shown an increased vegetative growth and yield of Amaranth (Preetha et al., 2005).

Leaf Area

Among the treatments, the T6 was recorded a significantly higher leaf area and was followed by T4.  The treatments T1 and T5 were recorded a comparable leaf area.

Kumar and Sharma (1999) reported that the plant height, stem girth, leaf area, dry matter accumulation, green fodder yield either increased significantly or tended to increase with an increase in the dose of FYM, N application and inoculation with Azospirillam brasilence.

4.3. Biochemical Analysis

4.3.1. Total carotenoid, Total phenol and Ascorbic acid

The total carotenoids, total phenol and ascorbic acid contents (antioxidants) of spinach leaves are presented in Table V and Figure 1.

 Table V

Total Carotenoids, Total phenol and ascorbic acid

	Treatments
	Total Carotenoids

μg/g
	Total Phenol 

μg/g
	Ascorbic acid 

mg/g

	T0
	124.76
	242.51
	0.276

	T1
	134.32
	268.91
	0.350

	T2
	126.32
	279.47
	0.303

	T3
	127.20
	268.10
	0.300

	T4
	139.66
	275.41
	0.361

	T5
	137.60
	288.00
	0.375

	T6
	142.18
	289.21
	0.397

	SED

CD (P<0.05)
	1.882

3.971
	4.233

8.630
	0.018

0.038


Total carotenoid

From Table V it was clear that there was a significant difference among the treatments in respect of carotenoid content of spinach.  The treatment T6 (Vermicompost +Triple-17 complex) had recorded the maximum carotenoid content of 142.18 μg/g, which was followed by the treatments T4, T5 and T1. Rest of the treatments showed comparable values to that of control.

Total phenol

The total phenol content was found to be significantly higher for all the treatments when compared to the control. The maximum total phenol content was recorded in T6 (Vermicompost +Triple 17 complex) and T5 (Vermicompost + Azospirullum and Phosphobacteria). It was followed by treatments T2 and T4.  The treatment T1 and T3 recorded similar values. 

Vijayakumari and Janardhanan (2003) reported that the maximum content of phenol was seen in silk cotton by the application of VAM + Phosphobacteria + Azospirillum.

Ascorbic acid

The application of Triple-17 complex + Vermicompost (T6) was found to be significantly superior recording a high ascorbic acid content over other treatments which was followed by T5, T4 and T1 treatments. The lowest ascorbic acid content was recorded by the control. 

A similar study by Sahoo and Singh (2005) have shown that the Ascorbic acid content in strawberry was found to be significantly higher when Azobacter and NPK were applied in combination.

FIGURE 1

Total Carotenoid, Total phenol and ascorbic acid
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4.3.2. Total chlorophyll, Protein and Total carbohydrate


Table VI and Figure 2 illustrates the levels of total chlorophyll, protein and total carbohydrate contents of the spinach leaves on the 45th day of growth.
Table VI

Total Chlorophyll, Protein and Total Carbohydrate 

	Treatments
	Total Chlorophyll

 mg/g
	Protein

 mg/g
	Total carbohydrate 

mg/g

	T0
	8.40
	11.43
	5.133

	T1
	9.49
	14.75
	5.342

	T2
	10.44
	14.09
	5.145

	T3
	10.87
	12.76
	5.281

	T4
	9.73
	13.42
	5.834

	T5
	9.60
	12.76
	5.871

	T6
	10.03
	16.74
	5.588

	SED

CD(P<0.05)
	0.207

0.436
	0.456

0.962
	0.082

0.174


Total chlorophyll

The data presented in Table VI indicated a significant increase in chlorophyll content of all the treatments when compared to the control. Among the treatments, T3 (Triple-17complex + Azospirillum and Phosphobacteria) recorded the maximum chlorophyll content with 10.87 mg/g.

Balachandran et al. (2006) revealed that the application of half of the recommended dose of fertilizers (RDF), 5 tonnes of pressmud ha-1, Rhizobium and Phosphobacteria recorded a significantly higher leaf chlorophyll content in green gram leaves after 25, 50 and 55 days after rowing (DAS). Application of vermicompost alone recorded higher chlorophyll content on the 90th DAS in Chilli (Yadav and Vijayakumari, 2004).

Protein

The treatment receiving Vermicompost and Triple 17 complex (T6) in combination resulted in increased protein content over the rest of the treatments.  This was followed by T1 (Triple-17 complex), T2 (Azospirillum + Phosphobacteria) and T4 (Vermicompost).

Dhillon et al. (2005) reported that the application of phosphorus enhanced the protein content in guinea grass fodder.  

Application of farmyard manure increased the crude protein content in the mulberry leaves (Sankar et al., 2000).

Total carbohydrate

The results in Table VI revealed that there was a much significant variation in carbohydrate contents of the various treatments.  The treatment T5 (Vermicompost + Azospirillum and Phosphobacteria) and T4 were found to contain maximum and comparable carbohydrate content.

Study by Yadav and Vijaykumari (2003) had shown that the application of vermicompost to chilli had recorded the maximum carbohydrate content.


Kamalakumari and Singaram (1996) have also observed a high amount of total carbohydrate in maize with FYM treatment. 

Trichoderma viride and Tricoderma harizianum had also shown a high total sugar in chickpea plants (Singh et al., 1998).  

    FIGURE 2

Total Chlorophyll, Protein and Total                                                                           Carbohydrate
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4.3.3. Iron, Phosphorus and Calcium


Table VII illustrates the levels of iron, phosphorus and calcium in the leaves of spinach on the 45th day of growth. Figure 3 indicates the same.
Table VII

Iron, Phosphorus and Calcium

	Treatments
	Iron

μg/g
	Phosphorus mg/g
	Calcium μg/g

	T0
	46.13
	0.47
	120

	T1
	49.85
	0.85
	180

	T2
	48.00
	0.49
	150

	T3
	53.60
	0.80
	200

	T4
	47.45
	0.50
	160

	T5
	49.36
	0.51
	170

	T6
	65.58
	0.93
	200

	SED

CD(P<0.05)
	1.784

3.765
	0.053

0.113
	6.38

13.48


Iron
Application of biofertilizer, inorganic fertilizer and vermicompost significantly influenced the iron content in spinach.  The maximum iron content was recorded in T6 (Vermicompost +Triple 17 complex), which was significantly superior over the other treatments. Control showed the lowest iron content.
Reddy and Bhatt (2001) showed that the application of NPK fertilizer enhanced the concentration of iron in spinach.

Phosphorus

The treatment T6 (Vermicompost + Triple 17 complex) was significantly superior in phosphorus content when compared to all the other treatments.  This was followed by T1 (Triple-17 complex) and T3 (Triple-17 Complex + Azospirillum and Phosphobacteria). All the other treatments recorded a comparable phosphorus value.

                                         FIGURE 3

Iron, Phosphorus and Calcium
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Kiado (2001) found that the application of Bradyrhizobium species and Azztobacter vinelandi in thee presence of chemical fertilizer had increased the phosphorus content in seeds of certain varieties of mung bean.

Calcium

All the treatments recorded a significantly higher calcium when compared to the control. But the treatment T6 and T3 were found to be superior over the rest of the treatments recording the maximum and comparable calcium content.

Wahad (2000) found that the total up take of N, P, K, Ca and Mg significantly increased with the application of Azospirillum in banana plants.
4.3.4. Peroxidase and Catalase

The activities of the enzymic antioxidants - peroxidase and catalase were shown in Table VIII and Figure 4 and Figure 5.
Table VIII

Activities of Peroxidase and Catalase

	Treatments
	Peroxidase *
	Catalase #

	T0
	5.72
	2.49

	T1
	6.22
	2.52

	T2
	9.70
	4.29

	T3
	6.26
	2.51

	T4
	7.02
	2.56

	T5
	7.92
	3.02

	T6
	7.04
	2.69

	SED

CD(P<0.05)
	0.359

0.757
	0.175

0.369


           * - min per gram

           # - ml of 0.01 N KmnO4 per min per ml of enzyme extract 
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The treatment T2 (Azospirillum and Phosphobacteria) recorded the higher peroxidase and catalase activities over the rest of the treatments.  This was followed by the treatment T5 (Vermicompost +Azospirillum and Phophobacteria). The rest of the treatments showed similar activities.

4.4. Soil analysis

4.4.1. Soil analysis at initial Stage

The soil used for the study was analysed for nitrogen, phosphorus and potassium.  The results are shown in Table IX.

Table IX

Levels of Nitrogen, Phosphorus and Potassium of soil at the initial Stage

	Constituents
	Levels (kg/ha)

	Nitrogen
	210

	Phosphorus
	20

	Potassium
	127


4.4.2. Soil Analysis at Post Harvesting Stage

The Table X and Figure 6 presents the nitrogen, phosphorus and potassium contents of the soil at the post harvest stage.
Table X

Levels of Nitrogen, Phosphorus and Potassium of soil at post harvesting stage

	Treatments
	Nitrogen

kg/ha
	Phosphorus

kg/ha
	Potassium

kg/ha

	T0
	170
	24
	105

	T1
	182
	25
	130

	T2
	294
	22
	135

	T3
	280
	18
	140

	T4
	336
	17
	132

	T5
	266
	20
	128

	T6
	350
	19
	120

	SED

CB (P<0.05)
	18.633

39.317
	0.812

3.087
	1.714

6.515


FIGURE 6

Levels of Nitrogen, Phosphorus and Potassium of soil at post harvesting stage
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Table X clearly predicts that there was a significant improvement in the nitrogen and potassium status of the soil at the post harvesting stage when compared to the initial stage of the soil, where as there was no significant improvement in the phosphorus content of the soil for all the treatments.  The treatment T6 (Vermicompost + Triple 17 complex) had improved the nitrogen content and was found to be superior among all the treatments.  Similar effect was shown by the treatment T3 (Triple 17 complex + Azospirillum and Phosphobacteria) with regard to potassium.  The improvement in the nutrient content in the soil was due to the application of inorganic fertilizer (Triple-17 complex), biofertilizers (Azospirillum and Phosphobacteria) and vermicompost.

Kachroo et al. (2005) revealed that the biofertilizer inoculation coupled with FYM and higher dosage of nitrogen enhanced the uptake of nutrients in wheat crop.

5. SUMMARY AND CONCLUSION

Green revolution brought about a great change in Indian agriculture which was termed as transformation, from “begging bowl to bread basket”.  This was mainly achieved with high yields, fertilizer responsive crop cultivars and increased fertilizer usage.  Soil is the medium for a number of chemical and biological interactions that allow the growth of plants under a variety of physical, chemical and environmental conditions.   Soil microorganisms play a key role in soil biological activities through mineralization of organic matter, releasing the plant nutrients available in turn and transform them to a form that can be readily absorbed by the plants. Excess chemical fertilizers destroy these microorganisms. Hence on chemical farming deterioration of land takes place and improvement in productivity slowed down along with serious soil and water pollution problems.  Hence the importance of organic farming was recognized.


Organic farming and organic recycling play a dual purpose of minimizing pollution and utilizing manures from the wastes for increasing soil activity. Organic farming improves the organic matter content, which improves the soil structure, water holding capacity, assures a regular supply of micronutrients and supports the growth of beneficial microorganisms.

NPK are the three most primary nutrients, which are useful for plant growth. Combined application of biofertilizer, organic manure and chemical fertilizers in appropriate amount results in greater nutrient uptake by the crop.

The present study was carried out to identify the “Effect of Individual and Combined Application of Biofertilizers, Inorganic fertilizer and Vermicompost on the Growth and Yield of Spinach (Spinacea oleracea)”.

A pot culture study was laid out in completely randomized design (CRD) and each treatment was replicated four times.  Each pot was uniformed filled with 5 kg of soil and enriched with different combinations of Azospirillum, Phosphobacteria, Triple-17 complex (N, P and K) and Vermicompost.

The various treatments were

T0- Red soil alone

T1- Inorganic fertilizer (Triple 17 complex)

T2- Azospirillum and Phosphobacteria
T3- Triple-17 complex  + Azospirillum and Phosphobacteria.

T4- Vermicompost

T5- Vermicompost + Azospirillum and Phosphobacteria.

T6- Vermicompost + Triple -17 complex

The vermicompost was analysed for nitrogen, phosphorus and potassium

At the end of the 45th day of sowing the seeds, the spinach plant was subjected to various biometric observations (fresh weight, number of leaves, shoot length and leaf area) and biochemical analysis. 

The leaves from each plant of various treatments were plucked and analysed for carotenoids, phenol, ascorbic acid, chlorophyll, protein, carbohydrate, iron, phosphorus, calcium, peroxidase and catalase.

The soil was analysed for available nitrogen, phosphorus and potassium at the initial and post harvesting stage.

From the present study it was concluded that

1. The vermicompost was rich in macronutrients like nitrogen, phosphorus and potassium.

2. From the biometric observation of spinach plant, it was found that the application of vermicompost + Triple 17 complex (T6) in combination had enhanced the growth and leaf area when compared to other treatments.

3. The plant treated with triple -17 complex + vermicompost (T6) had increased all the nutrients like carotenoids, phenol, ascorbic acid, protein, iron, phosphorus and calcium when compared to control.

4. The chlorophyll and calcium content were high in the treatment T3 (Triple 17 complex + Azospirillum and Phosphobacteria).

5. The total carbohydrate content was found to be high in T5 and T4. 

6. The treatment T2 (Azospirillum and Phosphobacteria) showed increased peroxidase and catalase activities.

From this study it was concluded that the integrated supply of nutrients through biofertilizers, chemical fertilizers and vermicompost is an efficient method of increasing the nutrient content of spinach, which is consumed by most of the Indian population. This in turn provides resistance to oxidative stress.

Recommendations


Biofertilizers (Azospirillum and Phosphobacteria), Inorganic fertilizer (Triple 17 complex) and Vermicompost have bright future in developed and developing countries as it is involved in prevention of pollution hazards, improvement in nutrient content in plants. Further research work can be continued on 

1. Development of soil and plant testing approaches for making fertilizer recommendation on the basis of system approach.

2. By using organic manures the yield of spinach is improved, the product processed and used for pharmaceutical preparations (Ascorbic acid and Carotenoids).
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APPENDIX I

 ESTIMATION OF TOTAL CAROTENOID

(Zarkaria et al., 1979)

Principle


The total carotenoid in the sample was extracted in petroleum ether. The total carotenoid was estimated by using UV/Visible spectrometer at 450nm. 

Procedure

5- 10g of the sample was weighed, saponified for about 30 min in a shaker water bath at 37°C after extracting the sample in 12% alcoholic potassium hydroxide. Saponified extract was transferred into a separating funnel (packed with glasswool and calcium carbonate) containing 10- 15ml of petroleum ether and mixed gently. Petroleum ether extract containing the carotenoid pigments was taken to amber colored bottle. Extraction of aqueous phase was repeated with petroleum ether until it was colorless. Small quantity of anhydrous sodium sulphate was added to remove tubidity. The final volume of petroleum ether extract was noted.



Amount of total carotenoid present =

(g


   Where

              P = OD of the sample

             W = Weight of the sample

             V = Volume of the sample

APPENDIX II

ESTIMATION OF TOTAL PHENOL

(Sadasivam & Manickam, 1996)
Principle

Estimation of phenol by Folin-phenol reagent is based on the reaction between phenols and an oxidizing agent phosphomolybdate, which results in the formation of a blue color. The intensity of the color developed was read colorimetrically at 650nm.  

Reagents

1. Folin-phenol reagent: 100g of sodium tungstate and 25g of sodium molybdate was dissolved in 700ml of water. Added 50ml of orthophosphate and 100ml of concentrated hydrochloric acid boiled under reflux gently for 10 hours. Cooled and added 150g lithium sulphate, dissolved in 50ml of water and 4-5 drops of liquid bromine. Boiled the mixture without condenser for 15 minutes to remove excess bromine. Cooled, diluted to 1 litre with distilled water and then filtered. Just before use 1 volume of the stock solution is diluted with 2 volume of water.

2. Sodium carbonate: 20%

3. Catechol stock standard: 100mg of catechol was dissolved in 100ml of distilled water.

4. 80 % Ethanol

5. Working standard was prepared by diluting 10ml of stock to 100ml.

Procedure

0.5 to 1 g of the sample was weighed and ground with a pestle and mortar in 10 volumes 80 % ethanol. Te homogenate was centrifuged at 10000 rpm for 20 min. supernatant was collected and the residue was re extracted with five times the volume of 80 % ethanol, centrifuged and pooled the supernatants. The supernatant was evaporated to dryness and the residue was dissolved in 5 ml of distilled water. Different aliquots of the extract was pipetted out in to test tubes. The volume in each tube was made up to 3ml with water and 0.5 ml F C reagent was added into all the tubes. After two min 2 ml of sodium carbonate solution was added to all the tubes. Contents were mixed thoroughly and tubes were placed in a boiling water bath for exactly one min, cooled and absorbance was measured at 650 nm against a reagent blank. The amount of total phenol present in the sample was calculated from the catechol standard.

APPENDIX III

ESTIMATION OF ASCORBIC ACID

(Roe and Keuther, 1953)

Principle


Ascorbic acid is converted to dehydro ascorbate by treatment with activated charcoal. Dehydro ascorbic acid reacts with 2,4- dinitrophenyl hydrazine to form osazones, which is dissolved in sulphuric acid to give an orange color solution whose absorbance was measured at spectrophotometrically at 540 nm.

Reagents

1. 4 % Trichloro acetic acid (TCA)

2. 9 N Sulphuric acid

3. 2% 2,4- Dinitrophenyl hydrazine reagent (DNPH): 2 g of DNPH was dissolved in 100 ml of 9 N sulphuric acid.

4. 10 % Thiourea

5. 85 % Sulphuric acid

6. Stock standard solution: 100 mg of ascorbic acid was dissolved in 100 ml of 4 % (TCA)

7. Working standard solution: 10 ml of the stock solution was diluted to 100 ml with 4 % TCA

Procedure


1 g of the sample was homogenized in 4 % TCA, volume was made up to 10 ml and centrifuged at 2000 rpm for 10 min. the supernatant obtained was treated with pinch of activated charcoal, shook well and kept for 10 min. Once again it was centrifuged to remove the charcoal residue. Final volume was noted.


0.5 ml and 1 ml aliquots of this supernatant were taken for assay. 0.2, 0.4, 0.6, 0.8 and 1.0 ml of working standard solution was pipetted out in to series of test tubes. The volume in all the tubes were made up to 2 ml with 4 % TCA. 0.5 ml of DNPH reagent was added into all the tubes followed by two drops of 10 % thiourea solution. Tubes were incubated at 37(C for 3 hr. The osazone formed was dissolved in 85 % sulphuric acid in cold. DNPH and thiourea was added in to blank after the addition of sulphuric acid. Tubes were incubated for 30 min at room temperature and the absorbance was read at 540 nm.


Ascorbic acid content in the sample was calculated using a standard graph.

APPENDIX IV

ESTIMATION OF CHLOROPHYLL

(Yoshida et al., 1971)

Principle


Chlorophyll is extracted in 80% acetone and the absorption at 663nm and 645nm are read in a spectrophotometer. Using the absorption co efficient the amount of chlorophyll was calculated.

Reagents


1 gm of fresh leaves were cut into small pieces and homogenized in a motor with pestle using 80% acetone. Decanted and filtered the supernatant through a funnel using whatmann No. 42 filter paper. Sufficient quantity of 80% acetone was added and repeated the extraction. Contents were transferred from the motor to a funnel and washed the brei with acetone until it became colorless. Filtrates were pooled and volume was made up to 100 ml in a volumetric flask. 5 ml of the extract was transferred into a 50 ml volumetric flask and diluted by making up the volume with 80 % acetone. Absorbance was measured at 645 and 663nm for the determination of chlorophyll-a, chlorophyll-b and total chlorophyll.


The chlorophyll content was calculated on the fresh weight basis using the formula:

mg chlorophyll-a/g tissue = 12.7(A663) – 2.69(A645) × 
   V

 

        1000 x W

mg chlorophyll-b/g tissue = 22.9(A645) – 4.68(A663) ×  
     V

 

         1000 x W

mg total chlorophyll-b/g tissue = 20.2(A645) +8.02(A663) ×  
        V

 

   1000 x W

Where    A- Absorbance at specific wavelength

              V- Final volume of chlorophyll extract in 80% acetone

              W- Fresh weight of tissue extract

APPENDIX V

ESTIMATION OF PROTEIN
(Lowry et al., 1951)

Principle


The blue color develops by the reduction of phosphomolybdic phosphotungstic components of the Folin-Ciocalteau reagent by the amino acids tyrosine and tryptophan present in the protein plus the color develops by the biuret reaction of the protein with the cupric tartarate. This color is measured in the Lowry’s method.

Reagents

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

2. Reagent B: 0.5% copper sulphate (CuSO4. 5H2O) in 1% potassium sodium taratarate

3. Reagent C: Alkaline copper sulphate: Mixed 50ml of A and 1ml of B prior to use

4. Reagent D: Folin-Ciocalteau Reagent: Refluxed gently for 10 hours a mixture consisting of 100g sodium tugstate, 25g sodium molybdate, 70ml water, 50ml 0f 85% phosphoric acid and 100ml of concentrated hydrochloric acid in a 1.5 liter flask. 150g of lithium sulphate, 50ml water and a few drops of bromine water were added. The mixture was boiled for 15 min without condenser to remove excess bromine. Cooled, diluted to 1 liter and filtered.

5. Stock Standard Protein Solution: 50mg of bovine serum albumin was weighed accurately, dissolved in distilled water and made up to 50ml in a standard flask.

6. Working Standard: 10ml of stock solution was diluted to 50ml with distilled water in a standard flask.

Procedure

Extraction of protein from sample


500mg of sample was weighed and grinded well with a pestle and mortar in 10ml of phosphate buffer. Centrifuged and supernatant was used for protein estimation.

Estimation of protein

0.2, 0.4, 0.6, 0.8 and 1ml of the working standard was pipetted out into series of test tubes. 0.1 ml of the sample extract was pipetted out in another test tube. The volume was made up to 1ml in all the test tubes. A tube with 1ml of water served as a blank.5 ml was reagent C was added to all the test tubes including the blank. Mixed well and allowed to stand for 10 min then 0.5 ml of reagent was added, mixed well and incubated at room temperature in the dark for 30 min. Blue color was developed. Readings were taken in spectrophotometer at 660nm. Standard graph was drawn and the amount of protein was calculated.

APPENDIX VI

ESTIMATION OF TOTAL CARBOHYDRATE

(Hedge and Hofreiter, 1962)

Principle


Carbohydrate is first hydrolysed into simple sugars using dilute hydrochloric acid. In hot acidic medium glucose is dehydrated to hydroxyl methyl furfural. This forms a green colored product with phenol and read colorimetrically at 490nm.

Reagents

1. 2.5 N Hydrochloric acid

2. 95% Sulphuric acid

3. 0.2 % Antrone reagent: 200mg of Antrone was dissolved in 100ml of 95% Sulphuric acid

4. Stock standard glucose solution: 100mg of glucose was dissolved in 100ml of distilled water

5. Working standard: 10ml of stock solution was diluted to 100ml with distilled water.
Procedure


100mg of sample was weighed and it was hydrolysed by keeping it in boiling water bath for 3 hours with 5ml of 2.5N hydrochloric acid and cooled to room temperature. They were neutralized with solid sodium carbonate until the effervescence ceases. The volume was made up to 100ml and centrifuged. 0.2, 0.4, 0.6, 0.8 and 1ml of working standard were pipetted out into a series of test tubes. 0.2ml of the sample solution was pipetted out in to another test tube. The volume was made up to 1ml with distilled water in all the test tubes. 1ml of water was served as blank. 4ml of Antrone reagent was added, heated for 8 min in boiling water bath, cooled rapidly. The blue colored developed was read at 630nm.

APPENDIX VII

ESTIMATION OF IRON

(Wong, 1928)

Principle


Iron is determined colorimetrically with ferric iron, which gives a blood red color with potassium thiocyanate.

Reagents

1. 30 % Sulphuric acid

2. 7 % Potassium per sulphate solution

3. 40 % Potassium thiocyanate solution

4. Standard iron solution: 70.22 mg ferrous ammonim sulphate is dissolved in distilled water and added 1ml of concentrated sulphuric acid. Volume was made up to 100 ml with distilled water.

5. Working standard solution: 10ml of stock solution was diluted 10 fold to get 10 (g Fe/ml.

Procedure


2.0 g of fruit sample was taken and was ashed. It was dissolved in 2 to 3 drops of concentrated HCl and made up to 25ml with distilled water. 2 ml of this mineral solution was taken and the volume was made up to 65 ml with distilled water. To this 1 ml of 30 % sulphuric acid is added followed by 1 ml of potassium persulphate solution and 1.5 ml of otassium thiocyanate solution. The red color developed was read at 540 nm with in 20 min.

APPENDIX-VIII

ESTIMATION OF PHOSPHORUS

(Raghuramulu et al., 2003)


Principle 
Phosphate solution is treated with an acid molydbate reagent, which reacts with inorganic phosphate to form phosphomolybdic acid. The hexavalent molybdenum of the phospho molybdic acid is reduced by the addition of 1,2,4 – aminonaphthol sulfonic acid to produce a blue color (Molybdenum blue), which is probably a mixture of lower oxides of molybdenum.  The blue color developed is proportional to the amount of phosphorus present, which is estimated colorimetrically at 660nm.

Reagents 

1. Molybdate I solution: 2.5 g of reagent grade ammonium molybdate was dissolved in 20ml of water. 50 ml of 10 N sulfuric acid was placed in a 100 ml volumetric flask and diluted with distilled water to 100ml.

2. Molybdate II solution: 2.5 g of reagent grade ammonium molybdate was dissolved in 20ml of water. 30ml of concentrated sulfuric acid was placed in a 100 ml volumetriflask and diluted with distilled water to 100ml.

3. ANSA Reagent: 19.5 ml of 15% sodium bisulfite was placed in a glass stoppered cylinder. 0.05g of 1,2,4 ANSA and 0.5ml of 20% sodium sulfite were added.  Stoppered and shook well until the powder dissolved.  If the solution was not completed more sodium sulfite was added, 1.0 ml at a time with shaking but avoiding an excess.  The solution was transferred to a brown bottle and stored in cold.

4. Standard Phosphate solution: 35.lmg of potassium dihydrogen phosphate was accurately weighed. It was dissolved in water and 1.0 ml of 10 N sulfuric acid was added. Volume was made up to 100ml with distilled water.  10ml of this solution was diluted with distilled water in a standard flask.  1.0ml of this contains 8 (g of phosphorus.

Procedure

2.0 g of fruit sample was taken and was ashed. It was dissolved in 2 to 3 drops of concentrated HCl and made up to 25ml with distilled water.  Into a series of test tubes 0.5, 1.5, 2.0 and 2.5 ml of working standard solution corresponding to the (g values were pipetted. Volume in each tube was made up to 4.7ml with water and 0.5ml of Molybdate I solution and 0.2ml of ANSA was added.  0.1ml of ash solution was taken and treated similarly, ammonium Molybdate II was added to it.  The color developed was read after 20 minutes in a colorimeter using red filter against a reagent blank.

APPENDIX IX

ESTIMATION OF CALCIUM

(Raghuramulu et al., 2003)

Principle

Calcium is precipitated as oxalate and titrated with standard potassium permanganate.

Reagents

1. 4% Ammonium oxalate solution

2. Dilute ammonia solution: 2 ml of liquor ammonia with 98 ml water

3. 1N Sulphuric acid

4. 0.01 N Potassium permanganate solution

Procedure

Two ml of sample was taken in to a 15ml centrifuge tube. 2 ml of distilled water and 1ml of ammonium oxalate solution was added. Mixed thoroughly and left overnight. Again the contents were mixed and centrifuged for 5 min at 1500 rpm. The supernatant liquid was poured off and the centrifuge tube drained by inverting the tube for 5 min on a rack. The mouth of the tube was wiped with a piece of filter paper. The precipitate was stirred and the sides of the tubes were washed with 3ml of dilute ammonia. It was centrifuged again and drained as before. The precipitate was washed once more with dilute ammonia to ensure the complete removal of ammonium oxalate. The precipitate was dissolved in 2ml of 1 N H2SO4. The tubes were heated by placing it in a boiling water bath for 1 min and titrated against 0.01N potassium per manganate solution to a definite pink color persisting for atleast 1 min.
APPENDIX X

ESTIMATION OF PEROXIDASE

(Reddt et al., 1995)

Principle


In the presence of hydrogen donor (pyrogallol) peroxidase converts hydrogen peroxide to water and oxygen. The oxidation of pyrogallol to a colored product called pyrogallin is followed colorimetrically.

Reagents

1. 0.05 M Pyrogallol in 0.1 M phosphate buffer pH 6.5

2. 1 % Hydrogen peroxide

3. Enzyme extract: One part of the plant tissue was macerated with five parts of 0.1 M phosphate buffer (pH 6.5) in a homoginizer. Homogenate was centrifuged at 3000 g for 15 min. Supernatant was used as an enzyme source. All the procedures are carried out at 0 - 5(C.

Procedure


3 ml of 0.05 ml of pyrogallol and 0.5- 1.0 ml of enzyme extract was pipetted in to test tube. Spectrophotometer was adjusted to read at 430 nm. 0.5 ml of hydrogen peroxide was added into in the test cuvette. Change in absorbance was recorded for every 30 sec up to 3 min.

Calculation

Change in absorbance per min at 430 nm = X

Weight of plant material = 1 g

Change absorbance for 1 ml of enzyme source = X

Peroxidase activity in 10 ml of enzyme source = X ( 10 = Y

Peroxidase activity = Y/ min/g of plant tissue.

APPENDIX XI

ESTIMATION OF CATALASE

(Thenmozhi and Sadasivam, 1989) 

Principle

More than required amount of hydrogen peroxide is allowed to react with catalase enzyme for definite period of time. Remaining unreacted peroxide is estimated by titrating against 0.01 N potassium permanganate solution in the presence of sulphuric acid. The activity of catalase is calculated from the difference in the amount of peroxide taken initially and remaining unreacted peroxide.

Reagents 

1. 0.3 M Hydrogen peroxide

2. 2 N sulphuric acid

3. 0.01 N Potassium permanganate

4. 0.1 M Phosphate buffer pH 6.5

4. Enzyme extract: One part of the plant tissue was macerated with five parts of 0.1 M phosphate buffer (pH 6.5) in a homoginizer. Homogenate was centrifuged at 3000 g for 15 min. Supernatant was used as an enzyme source. All the procedures are carried out at 0 - 5(C. Catalase activity could change considerably on storage of the tissue.

Procedure


5 ml of the phosphate buffer was pipetted into two conical flasks. 4 ml of the substrate (hydrogen peroxide) was added in to each flask. To one of the flask 0.5 ml of the enzyme extract was added. It was incubated at room temperature for 15 min. 10 ml of 2 N sulphuric acid was added to both control and the test flasks. Immediately 0.5 ml of enzyme extract was added to the control and titrated against 0.01N potassium permanganate till the pink color was developed. Difference in the titer value gave the volume of permanganate equivalent to enzyme activity.

Calculation

Volume of potassium permanganate utilized by the test solution = T1 ml

Volume of potassium permanganate utilized by the control = T2 ml

Volume of potassium permanganate utilized by peroxide which was acted up on by 0.5 ml of catalase in 15 min =  (T2 - T1) ml

Volume utilized by 1 ml of enzyme in 1 min = 
= Y ml

Activity of catalase = Y ml of 0.01N potassium permanganate/ min/ ml of enzyme extract.


APPENDIX XII

ESTIMATION OF AVAILABLE NITROGEN

 (Subbaiah and Anija, 1956)

Reagents

1. 0.32% Potassium permanganate

2. 2.5% Sodium hydroxide

3. 2% Boric acid

4. 0.02N Sulphuric acid

5. Methyl red
Procedure


4g of sample was taken in distillation flask and 6ml of distilled water was added. 20ml of 0.32% Potassium permanganate and 20ml of 2.5% Sodium hydroxide both freshly prepared were added and the material digested. 30ml of distillate was collected in beaker containing 20ml of 2% boric acid and excess titrated against 0.02N sulphuric acid using methyl red indicator.

Calculation



N kg/ha  =    0.00028×Reading×2×106




            Weight of the sample

APPENDIX XIII

ESTIMATION OF AVAILABLE PHOSPHORUS

(Olsen et al., 1954)

Reagents

1. 0.5M Sodium bicarbonate

2. Darco-G-60
3. Reagent A: Dissolve 12g of ammonium molybdate in 250ml of deionized water. Dissolve 0.291g of antimony potassium tartarate in 100ml of deionized water. Add both of dissolved reagents in 1L of 5N sulphuric acid and mix thoroughly and make up to 2L.
4. Reagent B: Dissolve 1.056g of ascorbic acid in 200ml of Reagent A
5. Phosphorus standards: From a standard solution containing 1.000mgL-1 PO4-P. Prepare 100mL of standard in 0.5N NaHCO3 containing 100 mgL-1 PO4-P standard. Prepare seven calibration solutions of 100mL each in 0.5N NaHCO3 with PO4-P concentrations of 0.00, 0.25, 0.50, 0.75, 1.00, 2.00 and 4.00mgL-1  
Extraction procedure 

5g of sample was weighed accurately and transferred to polythene shaking bottle. 50ml of 0.5M sodium bicarbonate and a pinch of Darco-G-60 was added. The contents were shook by placing the bottle on mechanical shaker for 30 min. suspension was filtered using whatmann No 40 filter paper.

Phosphorus analysis 

5ml of filterate was pipetted out in to a 25ml of volumetric flask. 4ml of reagent B was added and volume was made up to the mark. The intensity of the color developed was recorded at 660mm using colorimetric red filter. Using phosphorus standard curve, the phosphorus concentration in the sample was read.

Calculation 


Available phosphorus kg/ha =  X ×  25 ×50 × 2 × 106

106 × 25

where


X = concentration of phosphorus

APPENDIX XIV

ESTIMATION OF AVAILABLE POTASSIUM

(Stanford and English, 1949)

Reagents 

1. 1N Ammonium acetate

2.  Potassium chloride standard solution: Made a stock solution of 1000ppm potassium by dissolving 1.908gm of potassium chloride in distilled water and diluted up to 1L. Prepared 100ppm standard by diluting 100ml of 1000ppm stock solution to 1L with the extracting solution.

Procedure 

5g of sample was weighed accurately and transferred it in to 100ml polythene shaking bottle. 25ml of 1N ammonium acetate was added and shook for 5 min and filtered immediately through whatmann No. 1 filter paper. The filtrate was feed in to flame photometer and reading was recorded. Using potassium standard curve, concentration of available potassium is calculated.

Calculation 

Available potash kg/ha =  x  ×  25 ×2 × 106

                                                                           106 × 25
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