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1.INTRODUCTION

Cassia Senna is a well  known medicinal herb used in yunani system of medicine and it has been included in Indian, British and many other pharmacopoeias of the world (Dewick, 2001).

It is a small perennial under shrub, about 1 mm in height with pale subterete or obtusely angled erect or ascending branches.  Leaves usually   5-8 jugate, leaflets oval, lanceolate, glabrous.  The pods are 1.4 to 2.8 in long, about 0.8 in wide, greenish brown to dark brown in colour (Panda, 2000). Its botanical name is Cassia angustifola.vahl, which belongs to the family Caesalpinaceae. It is called as nillaavari and tinnevelly senna and Indian senna in tamil (Daniel et al., 2001).

The plant contains 0.33 % of β-sitosterol and 2-3 % of anthraquinonic glycosides. The active substrates are derivatives of anthraquinone.  Leaves and pods are cathartic containing sennodide A, B, C and D, rhein and      aloeamine in free and compound forms (Sharma, 2003). Cassia senna also contains the yellow flavanol C colouring matter kaemferol, its glucoside kaemferin and isorhamnetin (Nadkarni, 2002).

Cassia senna is useful in constipation, loss of appetite, liver complaints, splenic enlargements, dyspepsia, typhoid, jaundice, anemia and 

leprosy, it is extensively used as a brisk and safe purgative. Leaves and fruits are laxative and purgative (Joshi, 2000).

In traditional medicine Cassia senna leaves are used in the form of infusion against the habitual constipation, these are used in the form of decoction powder. It is used as anthelminthic for intestinal worms and as a liver stimulant, locally for skin diseases and for removing pimples, a paste of dried leaves mixed with vinegar is used (Sharma, 2003).

Research during the last few decades on plant nutrients and soil amelioration by various means, to boost productivity, has revolutionized the agricultural industry.  The concept of inputs correlated productivity has triggered drastic changes in agriculture, from the traditional humus and green manuring to the chemical inorganic manures.  However, the unjudicious application of excessive inorganic fertilizers has resulted in transforming many fertile soils into barren lands.  This detrimental effect of chemical fertilizers has forced the scientists to look for safer alternatives, which are more effective, eco-friendly and economic, to meet the nitrogen requirement of the plants. Biofertilizers are one such attractive alternative (Sudhakar et al., 2001).

The term bio-fertilizer (or) microbial inoculant can generally be defined as preparations containing live (or) latent cells of efficient strains of nitrogen-fixing, phosphate solubilizing (or) cellulolytic microorganisms used for application to seed (or) composting areas with the objective of increasing 

the number of such microorganisms and accelerate those microbial processes which augment the availability of nutrients that can be easily assimilated by plants (Kanakamani, 2004).

The recognition in mid seventies that strains of azospirillum are abundantly associated with roots of crop plants and help to fix substantial amounts of nitrogen led to the opening of the new line of work, the associative symbiosis.  Azospirillium is considered to be an associative symbiotic bacterium because it lives in close association with root system of plants (Prasad et al., 2001).

 Azospirillum inoculation enhanced the gibberellin status of roots. Exopolysacchharides are produced by azospirillum (Sundaram et al., 2001). Among the free-living nitrogen fixing bacteria azospirillum is considered to be more efficient with nitrogenase properties comparatively better than the other nitrogen fixers (Kanaiyan, 2002).

Phosphate solubilizing microorganisms (Phosphobacteria) play a major role in the solubilization and uptake of native and applied soil phosphorus. It accelerates tillering, flower formation, good pod and seed setting besides early maturity in several economically important cultivated crops (Natarajan et al., 2002).

Nitrogen,  phosphorus and  potassium are  the  three  major plant nutrients. Fertilizers  are  chemicals  supplying  nutrients  to plants (Bagyaraj, 2003).

Urea is an organic fertilizer and is the cheapest source of nitrogen.  Nitrogen is the most important plant nutrient. Urea contains about 46 % nitrogen, an amount greater than that found in any other solid fertilizer. Urea is a white crystalline salt having hydroscopic nature hence absorbs moisture from the air (Gustafson, 2003). Urea is widely used as nitrogenous fertilizers and contributes about 80 % of nitrogen produced in India (Awasthi, 2004).

Phosphorus is highly needed for tuber crops.  It helps in the maturity of the  tubers  with  optimum  starch  production. Superphosphate  is  also an organic fertilizer, and it is a source of phosphorus (Vasudevan, 2004). Phosphorus is a key element for plant growth and plays many physiological and biochemical processes. It stimulates growth of young plants, giving them a good and vigorous start.  It promotes early root formation and growth.  It is vital to seed formation by stimulating early flowering and there by ensures early maturity (Kumaresan, 2005).

Hence a study has been undertaken to see the effect of the biofertilizers individually and in combination and chemical fertilizers on the growth, biomass production, enzymic antioxidants and biometric parameters in Cassia senna. Also to evaluate the suitable combination of the selected biofertilizers and inorganic fertilizer on the growth of Cassia senna.

\
2.REVIEW OF LITERATURE

The review of literature pertaining to the present study  “Effect of  biofertilizer, nitrogen and phosphorus on the growth, biomass production and enzymic antioxidants in Cassia senna” is discussed under the following headings                   

2.1 Cassia senna (Cassia angustifola. Vahl)

                        2.2  Biofertilizer

                                2.2.1 Azospirillum

2.2.2 Phosphobacteria

2.2.3 Azospirillum and Phosphobacteria
                        2.3 Chemical  fertilizer

                                2.3.1 Nitrogen

                                2.3.2 Phosphorus

2.1 Cassia senna  ( Cassia angustifola. vahl)

Cassia angustifola is the botanical name of Cassia senna and it belongs to the family caesalpinaceae and is commonly known as senna, Cassia senna, Indian senna and tinnevelly senna. Cassia senna is also known as rajavirksha, fanxiaye, American senna, locust plant (Agab, 1998). 

It was recognized by British and US pharmacopoeias. It is useful in habitual costiveness. It lowers bowels, increases peristaltic movements of 

the colon by its local action upon the intestinal wall. It is used as expectorant, wound dresser, antidysentric , carminative and laxative (Agarwal, 2005).
Cassia angustifola is native to India and is cultivated mainly in India and Pakistan. The parts of this plant used medicinally are the stems, leaves and pods. The leaves have a purging quality. Both the leaves and pods are used in many over-the-counter pharmaceutical preparations (Morris, 2005).

It was considered a “cleansing” herb because of its cathartic effect. In addition, the leaves were sometimes made into a paste and applied to various skin diseases like ringworm and acne (Grieve, 2003).

The leaves and pods of this plant contain the commercially important laxative, sennoside B. Cassia senna plants growing at different localities of India have also been found to contain different amounts of sennoside B  in leaves and pods, and also differs in chromosome morphology  (Gruenwald et al., 1998).

In senna leaves, sennoside A  and  B based on the aglycones  sennidin A and B, sennosides C and D which are glycosides of heterodianthrone  of aloe-emodin and rhein are present. Others include palmidin A, rhein anthrone and aloe-emodin glycosides, some free anthraquinones and some potent novel compounds of  unknown structure. Cassia senna usually contains more of the sennosides. The fruit contains 

sennoside A  and B and a closely related glycoside sennoside A1, naphthalene glycosides, tinnevellin glycoside and 6-hydroxymusizin glycoside, mucilage, flavonoids, volatile oil, sugars, resins (Mills, 1993).

The medicinal action of Cassia senna can be attributed mainly to the anthraquinone glycosides, especially sennoside A and B. It  appears  that the aglycone portion is responsible for its action. The breakdown of the anthraquinone glycosides in the digestive tract can occur in one of the two ways.  The bowel flora can directly hydrolyze them in a similar way to that of free active aglycone. Alternatively, in the presence of bile and the sugar moiety, the free aglycone can be absorbed into the blood stream and secreted later into the colon. The final result is stimulation of the averbach plexus resulting in increased intestinal muscle contraction. In addition, its mucilage content decreases bodily absorption of fluid leading to an enhancement of the final laxative action (Xing and Saffer, 2001).

Cassia senna is purgative, antipyretic, cathartic, laxative, vermifuge, diuretic. Cassia senna is powerful cathartic used in the treatment of constipation, working through a stimulation of intestinal peristalsis (Dipalma, 2004). Cassia senna  is also used for skin diseases such as abscess, inflammation and itch, swelling, wounds, ringworm and scabies (Spiller et al., 2003).

Cassia senna contains hydroxyanthracene glycosides known as sennosides. These glycosides stimulate colon activity and thus have a laxative effect. Also, these glycosides increase fluid secretion by the 

colon, with the effect of softening the stool and increasing its bulk (Bluementhal et al, 1998).

Double blind trials have confirmed the benefit of Cassia senna in treating constipation (Passmore et al., 1993). Constipation induced by drugs such as the anti-diarrohea  medicine loperamide has also been shown to be improved by senna in a clinical trial (Ewe et al., 1993). A double blind trial shown that senna was more effective as a preparatory agent for bowel surgery (Valverde, 1999). Cassia senna helps temporarily to prevent fluid from being absorbed from the large intestine, thus contributing to softer stools (Jellin et al., 2000).

The observed use of senna plant as a purgative by the Egyptians as early as 1550 B.C ultimately lead to the development of laxatives (Lindalv and Stephan,  2002). Callus cultures from  cotyledons of cassia  angustifola were shown to contain dianthrones (Kalluskulturen, 2001).

   Cassia senna plants produce rhein type and aloe-emodin type anthraquinone glycosides intimately associated with fruit and seed development (Fairbairn and Slvestha, 2001).

2.2 BIOFERTILIZER
    In recent years, use of organic manures (biofertilizer) in improving productivity of crops, maintaining fertility and productivity of soil is gaining prominence due to increased cost of chemical fertilizers and due to the deterioration of soil health ( Jamuna et al., 2002).

    Biofertilizers are new generation cost effective and renewable sources of plant nutrients to supplement chemical fertilizers. The role of biofertilizer in  agricultural production assumes greater importance, particularly in the present context of very high cost of chemical fertilizer (Chellamuthu, 2000).


Biofertilizers had been identified as an alternative to chemical fertilizer to increase soil fertility and crop production in sustainable farming (Wu et al., 2004). Biofertilizer face problems of quality control, inconsistent field performance, poor transport and storage facilities at field level, lack of thorough knowledge about their inputs (Tandon, 1995).


Biofertilizers play a vital role in maintaining long-term soil fertility and sustainability. Soil is a highly complex system with hetergenous nature and therefore biofertilizers generally adjust the soil ecosystem and benefit the crops (Sivakumar et al., 2002).


Biofertilizers are products consisting of selected and live         microorganisms, which help to improve plant growth and productivity mainly through supply of plant nutrients. Biofertilizers are also known as microbial inoculants or bioinoculants. Biofertilizer have come to stay in Indian agriculture since last three decades, in view of their cost effectiveness, contribution to crop productivity, soil sustainability and ecofriendly characters. Biofertilizer forms an integral part of integrated plant nutrient supply system (Hedge, 2002).


Biofertilizer will be an environmentally benefit approach to nutrient management and eco-system function. Such integrated approach will help to maintain soil health and productivity and thus should be advocated and popularized among the farming community (Bagyaraj and Suvarna, 1999).


Biofertilizers are known to make a number of positive contributes in agriculture (Motsara  et al., 1995). Biofertilizer is considered as the most important agricultural input in the context of organic farming (Palarpawar et al., 1999).

Biofertilizers are essential to sustain crop production, preserve soil health and soil biodiversity. This is especially important for developing countries ( Roa, 2003).

Enhanced plant growth and yield were reported in various crops due to the combined inoculation of various biofertilizers (Chendrayan et al ., 2003). Biofertilizers significantly increase the yield of Galegaorientalis jam by 68-200 %. Biofertilizers not only promoted the growth and development of plants, but also reduced the damage by insects and pests (Arkhipchenko et al., 2005).

            In Sesbania cannabina, nodulation was  profuse and effective.   Nitrogen fixed was nearly 122 kgha-1​ ​at 100 DAS on application of       biofertilizer. Also there was considerable beneficial influence from growing sesbania on soil carbon and nitrogen status (Rao and Gill, 2000).

Application of biofertilizer brought a significant enhancement in chlorophyll accumulation and nitrogenase activity                      (Saswatinayak et al., 2004).  Biofertilizer sprayed on the foliage of plants could perform well even under adverse condition like high temperature, humidity and low rain fall (Sudhakar et al., 2001).


Inorganic fertilizers are most widely used to provide supplemental nutrition to horticultural plants during production in the field (Acquoah, 2002). Biofertilizer solubilize phosphorus to available form and it increases the nitrogen and phosphorus content of plant parts  (Kapure and Naik, 2004a).


However considering the recent concept of eco-technology and increased cost of inorganic fertilizers, use of cost effective and            eco-friendly biofertilizers which has currently attained a special  significance in crop production to address the sustainability problem and tremendous success has been achieved in several economic crops (Gayathri et al., 2004).


Biofertilizers application plays an important role in solubilization of phosphorus in soil and make available to plants (Kapure and Naik, 2004b).

2.2.1 AZOSPIRILLUM
Azospirillum brasilense  strains benefit field crops by excreting plant growth factors, promoting root proliferation and enhancing water uptake (Gerk, 2004).


Exopolysaccharides are produced by the plant growth promoting bacterium, Azospirillum brasilense. Extracellular polysaccharide play an important role in aggregation and surface colonization of plant associated bacteria (Samet et al., 2004). Azospirillum has  been shown to stimulate growth in legumes, wheat and pepper by secreting growth promoting substances especially auxins (Felker et al., 2004).

Positive results were shown in inoculation of nitrogen fixing bacterium Azospirillum brasilense on forage production and root growth in seedlings of willam lovegrass, weeping lovegrass and sideoate grama. Maximum   dry   matter  was  obtained  in  these  plants  compared to non-inoculated treatments (Hectoro et al., 2004).


Azospirillum inoculation  significantly increased the plant height, number of leaves per plant, branches per plant and total dry matter accumulation in G. Pulchella than other inoculations. The nitrogen uptake of G. Pulchella was enhanced due to Azospirillum inoculation (Ravi et al., 2003).


The plant growth promoting soil bacteria Azospirillum brasilense enhances growth of economically important crops, such as wheat, corn and rice. Azospirillum play an important role in plant root interaction (Vanbleu et al.,  2004). Azospirillum contribute to increased yields of cereal and forage grasses by improving root development in properly colonized roots, increase the rate of water and mineral uptake from the soil by biological nitrogen fixation (Okon, 2004).


Total root length, root number,  specific root length, root dry matter, root hair development and shoot dry matter were significantly increased by Azospirillum alone in soyabean (Molla, 2001).


Azospirillum inoculation increased the growth and yield of green chilly to the extent of 2 kg of N ha-1 (Dharwad, 2003).  Azospirillum alone recorded maximum increase in leaf number (24) and plant height in oil palm (Samanta et al., 2003).


Azospirillum is important in associative symbiosis, prevalent among many cereals  and other crop plants. The scientific consensus now is that Azospirillum inoculation enhances root biomass, there by enabling larger quantity of nutrient absorption, including all major elements        (Thomas, 1993).

2.2.2 PHOSPHOBACTERIA
Phosphobacteria significantly increased grain (r = 0.618, P < 0.05) and straw yields (r = 0.62, P < 0.05) in sorghum and chick pea  (Saini et al., 2004). 

The palms inoculated with phosphobacteria along with 2/3 levels of phosphorus  pentoxide recorded maximum increase in plant height, leaf number and basal girth as compared with phosphorus alone. Phosphobacteria is more effective in increasing different growth parameters (Samanta et al., 2003).


Phosphobacteria 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 fertilizer                     (Gaur and Gaind, 1999).


Several soil bacteria  particularly, those belonging to the genera Pseudomonas  and bacillus possess the ability to bring insoluble phosphorus in soil into soluble forms by secreting organic acids such as formic, acetic, propionic, lactic, glycolic and succinic acid. These acids lower the pH and bring about the dissolution of bound forms of phosphate (Subbarao, 1997).

Saving of 50 % of recommended level of phosphorus  pentoxide is possible in sugarcane by inoculation with phosphobacteria  as the cane yield of 50 % phosphorus  pentoxide and phosphobacteria  treatments are on par with 100 % phosphorus pentoxide application (Kathiresan et al., 1995).

Kumarasamy et al. (1992) observed that positive influence of Phosphobacteria conspicuous at 0 and 75 % of phosphorus levels in 

sugarcane. De Freitas et al. (1993) reported that beans inoculated with Phosphobacteria (R. leguminosarum and P. putya) increased the number of nodules and the acetylene reduction activity significantly.

Phosphobacteria at 75 % phosphorus level recorded higher nodule number, shoot length, root length and increase pod yield in groundnut 

(Natarajan and Subramanian, 1995). Radhakrishnan (1996) reported that inoculation with phosphobacteria enhanced the plant height and kapas yield.

The result of pot and field experiments conducted for the past several years revealed the beneficial use of phosphobacteria in increasing the crop yield as well as in reducing the requirement of phosphatic fertilizer (Gaur, 1990).

2.2.3 AZOSPIRILLUM AND PHOSPHOBACTERIA
Azospirillum and phosphobacteria increase rice yield by 5-9 % over application with fertilizer nitrogen alone. On average, integrated application increase the nitrogen, phosphorus and potassium uptake by 15.3, 10.7 and 9.4 % respectively in rice over fertilizer nitrogen alone (Jeyabal and Kuppuswamy, 2004).

The combined inoculation of Azospirillum and Phosphobacteria along with chemical fertilizer increase the yield of nutmeg (Ganeshamurthy, 1994).  A significant positive effect on grain yield was obtained due to combined inoculation of Azospirillum and Pseudomonas strains in cotton (Radhakrishnan, 1996).


Dual inoculation of Azospirillum brasilense and phosphate solubilizing bacteria increase plant height, base diameter and fibre yield of jute in a fibre-legume cereal system. Dual inoculation resulted in significantly high yields of the succeeding wheat crop (Wani, 1997).

In bajra soil application of azospirillum and phosphobacterium as biofertilizer mixture (2kg ha-1) along with 75 %  of recommended dose of nitrogen and phosphorus fertilizers recorded more numbers of tillers and economically higher green and dry fodder yield (Chellamuthu, 2000).


Azospirillum and Pseudomonas fluorescence recorded higher grain yield (6996 kg ha-1), higher straw yield and increase in plant height than any other treatments (Chendrayan et al., 2003). By inoculating diazotrophic nitrogen fixer Azospirillum and Phosphobacteria, the growth of cereals can be improved substantially (Wani and Lee, 1995).

Alagwadi and Gaur (1992) noticed that the combined inoculation of Azospirillum brasilense and B. polymyx or P. striata had significant increase in the grain yield, dry matter yield, nitrogen and phosphorus uptake of sorghum over single inoculation. The rhizosphere population of Azospirillum and Phosphobacteria were also higher in the respective inoculated treatments.


Combined inoculation of phosphobacteria and azospirillum on crops like sorghum, bajra  and cotton gave significant increase in dry matter and yield over single inoculation (Nirmala and Sundaram , 1996).


Sadasivam (1995) reported that Dolichos bean registered vine length, number of leaves, root nodules, yield and protein content of green 

paddy by the application of 75 % recommended dose of nitrogen and phosphorus along with Azospirillum and Phosphobacteria each as basal soil application.

    The inoculation of Azospirillum and Phosphobacteria with 75 % nitrogen and phosphorus was found to be superior over control in vinelength, number of leaves, flower production, total dry matter production, leaf area, vitamin-C, carotene uptake of nitrogen, phosphorus  and potassium in pumpkin (Karuthamani, 1995).

    The application of  20 kg nitrogen  and 60 kg phosphorus with Azospirillum and Phosphobacteria registered higher rhizome yield and curcumin content in turmeric was reported by (Balashanmugam, 1994).
2.3 CHEMICAL FERTILIZER

    The chemical fertilizers are one of the key factors contributing to the increased agricultural production of our farming systems, are known to have effect on soil environment, if used in judiciously (Kanwar and Katyal, 1997).


Biofertilizer generally adjust the soil ecosystem and benefit the crops but it cannot totally replace conventional chemical fertilizers (Sivakumar et al., 2002).

2.3.1 NITROGEN

Adequate supply of nutrient is essential to extract maximum potential of crop. Application of nitrogen  improved flower quality and production in gladiolus (Singh and Bijimol, 2003) 

Nitrogen content and chlorophyll content in sapota leaves increased significantly with the application of higher levels of nitrogen (singh et al., 2004). The plant height was increased due to the application of higher doses of  nitrogen (Carbaret et al., 2004).

 Kobayari et al. (1995) reported that organic nitrogen promoted the growth of snap beans (Phaseolus vulgaris. L). Nitrogen influenced the growth and yield characters significantly. Maximum height, diameter of the bulb and number of cloves per bulb were observed with 150 kg of nitrogen ha-1 whereas, minimum were observed with control. Nitrogen being the constituent of chlorophyll, amino acids, proteins and nucleic acids influence cell multiplication and cell elongation which ultimately accelerated the vegetative growth (Yadav, 2003).

Increasing levels of nitrogen and FYM consistently and significantly increased the shoot length, number of leaves per shoot and leaf area. The shoot length and number of leaves per shoot increased almost double with application of 1.125 kg of nitrogen ha1. The application of nitrogen significantly and successively enhanced the plant height (Dudi et al., 2003).

Urea concentration at 2 % gave maximum ascorbic acid content at a range of 181.5 mg / 100g  pulp as compared to 148.2 mg/ 100g in control and maximum reducing sugar (4.43%) over control (3.92%)                (Bhati and Yadav, 2003).

The plant height increased significantly with nitrogen application . The increase in plant height with nitrogen application may be due to the fact that nitrogen being constituent of proteins, enzymes and co-enzymes which are responsible for growth. Application of nitrogen resulted in more  vegetative growth, thus resulting in more number of branches (Sehrawat et al., 2003).

Increasing dose of nitrogen also increased the biological yield and total yield of curd ha-1. The maximum biological yield and total marketable yield of curd was recorded with application of 120 kg of nitrogen ha-1  which was significantly superior over control. The better availability of nitrogen  might have also helped in expansion of leaf area. Chlorophyll content favouring the metabolic and auxin activities ultimately recorded an increased fresh weight of leaves, biological and total curd yield (Mal et al., 2003).




Increasing concentration of urea spray significantly increased the plant height, number of leaves/plant, fresh weight of leaves, nitrogen 

content in leaves, leaf ratio, fresh weight of knob, knob yield ha-1 and biological yield (Yadav et al., 2003).

The increase in nitrogen level from 0-30 g m-2 increased flower size and maximum flower was obtained with 30g nitrogen m-2. Increase in nitrogen dose from 0-50 g m-2 increased the plant height which may be attributed to the synthesis of protein and ultimately it increased vegetative growth (Ritujain and Gupta, 2004).

80g nitrogen m-2 resulted in maximum yield of flowers m-2year1. The higher yield with higher level of nitrogen (80 and 60 g m-2) might be due to the more number of leaves, leaf area index and vigorous plants under these treatments which probably  increased the photosynthates to the formation and development of flowers, which ultimately resulted in higher yield  (Kumar and Chattopadhyay, 2001). Nitrogen driven agriculture as it gives higher crop response in case of paddy and wheat as compared to phosphorus and potassium (Awasthi, 2004).

Arularasu (1995)  reported that all the yield character and yield attributing characters were higher at 75 kg nitrogen ha-1. Bhaskar (1995) found that the influence of cultivars and nitrogen on growth, herbage and oil yield of patchouli in Bangalore condition, found that the application of nitrogen at 200 kgha-1 gave  6.93 tonnes of fresh herbage.


2.3.2 PHOSPHORUS
The most common phosphatic fertilizer used in India is single    superphosphate containing 16 % phosphorus pentoxide, as it is suitable for all kinds of soils (Rai, 2002).

Phosphorus application significantly increase the growth parameters,  especially plant height and proned wood weight. Phosphorus plays an important role in cell division and increased photosynthetic 

activity which might be the reason for favourable effect of plant growth    (Poul et al., 2004).

Phosphorus content of leaves increased significantly with the increase in application of phosphorus. The maximum phosphorus content (0.25 %) was observed when 80 ppm  of  phosphorus was applied to the soil and minimum (0.18%) in control (Mohanasundaram et al., 2003).

Application of phosphorus 30g m-2 significantly promoted the branches and seed parameters such as seeds/capsule and weight/capsule, thus leading to higher seed yield of 22.79 g m-2. It is obvious that phosphorus is a constituent of many energy rich compounds of plants and also involved in active root growth and helps in uptake of other nutrients, resulting in improved plant growth which led to increase seed yield   (Khan et al., 2004).

The application of phosphorus has a significant influence on onion yield and requires as high as 50 kg phosphorus pentoxide                

(Navale et al., 2004). Phosphorus concentration was increased due to phosphorus pentoxide application. With each successive increase in phosphorus content and was higher at 75 kgha-1 application. Nutrient and concentrations were closely related with its application of phosphorus (Mendhe et al., 2004).

Application of phosphatic fertilizer significantly increased the uptake of nitrogen, phosphorus, potassium, zinc, manganese  and copper 

by straw and grain of wheat. This uptake was higher than the control (Sundarsingh et al.,2004). Application of Phosphorus to the cereal crop recorded more residual effect (Pasricha et al., 1995). Hasan (1999) observed significant increase in rice yields with each increment of phosphorus pentoxide dose from 30 to 90 kgha-1, maximum being at the highest dose.

The response of wheat and maize crops to phosphorus pentoxide application  (in the presence of nitrogen) increased appreciably by about  75 kg grain kg-1 phosphorus for both crops with continuous manuring and cropping for 25 yrs (Sharma et al., 1998). The continuous addition of phosphatic fertilizer resulted in the build up of soil phosphorus.  This built up of phosphorus can be an important factor affecting the recovery of applied phosphorus (Brar and Pasricha, 1998). Built up of phosphorus by continuous application of phosphorus to both rice and wheat crops had also been reported by Dhillon and Brar (1997).

There has been consistent 10 % increase in yield of rice and wheat crops by phosphorus application (Singh et al.,1998). Phosphorus applied at a rate of 22 kg ha-1 significantly enhanced the grain yield of rice (Swarup, 1994).

Addition of FYM at 4 t ha-1 yr-1 along with addition of 60 and 40 kg phosphorus pentoxide ha-1 to the crops of soyabean and wheat respectively has been recommended for sustaining high productivity levels of this cropping sequence (Roa et al., 1998). Phosphorus uptake in 

grain and straw increased on addition of phosphorus fertilizer           (Singh et al., 2001).

3.EXPERIMENTAL PROCEDURE


The present study on “Effect of biofertilizer, nitrogen and phosphorus on the growth, biomass production and enzymic antioxidants in Cassia senna” is discussed under the following headings.

3.1  Soil preparation 

3.2  Treatment of seeds

3.3  Layout of treatment pots

3.4  Sowing and watering 

3.5  Harvest methodology

3.6  Biometric parameters

3.7  Biochemical analysis

3.8  Statistical analysis

3.1 SOIL PREPARATION

The soil was enriched by the application of farmyard manure at the rate of 12.5 tonnes ha-1.  All the pots used for the study were filled with 

6 kg of soil and treated with nitrogen in the form of urea and phosphorus in the form of superphosphate.

3.2 TREATMENT OF SEEDS

Seeds of Cassia senna were collected from the Institute of Forest Genetics and Tree Breeding, Coimbatore. Seeds were treated with 2 g each of Azospirillum and Phosphobacteria separately and in combination.  3 ml of rice gruel was added to the inoculum and made into a sticky paste to which Cassia senna seeds were added, thoroughly mixed and dried in shade for 30 minutes before sowing. Cassia senna seeds were shown in Plate 1.

3.3 LAYOUT OF TREATMENT POTS


The study was carried out in pot cultures in completely randomized block design with four replicons for each treatment.


The treatments were as follows:


T1  -  Control


T2  -  Azospirillum

T3  -  Phosphobacteria

T4  -  Azospirillum + Phosphobacteria

T5  -  50 kg of nitrogen ha-1  


T6  -  100 kg of nitrogen ha-1

T7  -  50 kg of phosphorus ha-1 


T8  -  100 kg of phosphorus ha-1 

3.4 SOWING AND WATERING


About fifteen Cassia senna seeds were sown in each pot and allowed to germinate.  After germination of the seeds, water logging condition was maintained.

3.5 HARVEST METHODOLOGY

At the end of the 30th and 60th day, plants were uprooted from the pots without any damage to the root system.  The plants were washed gently with water and blotted with filter paper to absorb the water droplets.  Then the plants were subjected to biometric and biochemical analysis.

3.6 BIOMETRIC PARAMETERS

3.6.1 Fresh weight
          The fresh plants were washed gently with water to remove any soil particles. After removing the excess water by blotting between filter paper plants were weighed and expressed in g /plant.

3.6.2 Dry Weight
           The uprooted plants after recording the fresh biomass were oven dried at 70º C for 36 hours. They were weighed and expressed in g/plant.

3.6.3 Root and shoot length 

            The length of the root and shoot were measured from the collar region to the tip of the root and shoot respectively and expressed in cm/plant.

3.7 BIOCHEMICAL ANALYSIS 

          The biochemical constituents like total chlorophyll, total carbohydrate, nitrogen, phosphorus, potassium, oxidative enzymes namely catalase and peroxidase and nitrogen assimilating enzymes such as glutamate dehydrogenase and glutamate synthase were estimated. The part of the plants used and the methods followed were listed in Table I. 

3.8 STATISTICAL ANALYSIS 
   The results of the of the experiment were analyzed and subject to statistical analysis by arithmetic mean and two way analysis of variance. 

TABLE I

ANALYSIS OF BIOCHEMICAL PARAMETERS AND ENZYME ASSAY

	S.No
	Parameters
	Parts of plants analyzed
	Method of        analysis
	Reference
	Appendix No

	1
	Chlorophyll
	Fresh leaves
	Spectro

Photometry
	Yoshida

 et al., 1971
	I

	2
	Total carbohydrate
	Plant dry sample
	Spectro

Photometry
	Hedge and Hofreiter,

1962
	II

	3
	Protein
	Fresh root
	Spectro

Photometry
	Lowry et al., 1951
	III

	4
	Total nitrogen
	Plant dry sample
	Microkjehldahl method
	Humphries, 1956
	IV

	5
	Phosphorus
	Plant dry sample
	Spectro

Photometry
	Jackson,

1973
	V

	6
	Potassium
	Plant dry sample
	Flame photometry
	Jackson,

1975
	VI

	7
	Glutamate synthase
	Fresh root
	Spectro

Photometry
	Casteele      et al.,

1975
	VII

	8
	Glutamate dehydrogenase
	Fresh root
	Spectro

Photometry
	Doherty,  1976
	VIII

	9
	Catalase
	Fresh leaves
	Titrimetry
	Thenmozhi and Sadasivam,

1989
	IX

	10
	Peroxidase
	Fresh leaves
	Spectro photometry
	Reddy et al., 1995
	X




                     4.RESULTS AND DISCUSSION

An experiment was conducted to study the “Effect of biofertilizers, nitrogen and  phosphorus on the growth, biomass production and enzymic antioxidants in Cassia senna”.


The study was carried out in pot cultures in completely randomized block design with four replications for each treatment. Farmyard manure was added at the rate of 12.5 tonnes ha-1 to enrich the soil nutrition. Six Kg of soil was filled per pot. Nitrogen in the form of urea and phosphorus in the  form  of   superphosphate  at  the   concentration  of    50Kg  ha-1   and 100kg ha-1 was added to various pots. Seeds of Cassia senna were treated with 2g each of Azospirillum and Phosphobacteria separately and in combination. Three ml of rice gruel was added to the inoculum and made into sticky paste to which Cassia senna seeds were added, thoroughly mixed and dried in shade for 30 minutes and about fifteen  Cassia senna seeds were sown in each pot and allowed to germinate.

   The treatments were as follows 

          T1  -  Control


T2  -  Azospirillum

T3  -  Phosphobacteria

T4  -  Azospirillum + Phosphobacteria

T5  -  50 kg  Nitrogen ha-1  


T6  -  100 kg Nitrogen ha-1

T7  -  50 kg Phosphorus ha-1 


T8  -  100 kg Phosphorus ha-1
At the end of the 30th and 60th day after sowing (DAS), plants were uprooted from the pots without any damage to the root system. The plants were washed gently with water and blotted with filter paper to absorb the water droplets. Then the plants were subjected to biometric and biochemical analysis.

The results of the study were discussed as follows. 


4.1    Biometric parameters


                4.1.1 Shoot length 


                4.1.2 Root length


                4.1.3 Fresh weight


                4.1.4 Dry weight

                4.2    Biochemical parameters

                        4.2.1 Total chlorophyll

                        4.2.2 Total carbohydrate

                        4.2.3 Total nitrogen, phosphorus and potassium

        4.3    Ammonia assimilating enzymes

                        4.3.1 Glutamate dehydrogenase

                        4.3.2 Glutamate synthase

        4.4    Oxidative enzymes

                       4.4.1 Catalase

                       4.4.2 Peroxidase
4.1  BIOMETRIC PARAMETERS 


The growth attributes of Cassia senna such as shoot and root length, fresh and dry weights were recorded on the 30th and 60th day after sowing. Plate 2 depicts the growth of the plant on 60 DAS.

These indices were considered as the effect of biofertilizers, nitrogen and phosphorus on the growth of Cassia senna

4.1.1  Shoot length


Table II indicates the shoot and root length of Cassia senna on the 30th and 60th day after sowing.
                   TABLE-II

                       The shoot and root lengths of Cassia Senna.
	Treatments
	Shoot length (cm)
	Root length (cm)

	
	Days after sowing
	Days after sowing

	
	30
	60
	30
	60

	T1
	7.20
	18.10
	3.60
	12.40

	T2
	9.50
	24.70
	7.50
	10.30

	T3
	8.50
	22.60
	5.90
	15.90

	T4
	9.80
	24.60
	6.40
	19.60

	T5
	8.20
	20.50
	4.70
	14.00

	T6
	7.80
	21.20
	5.40
	17.30

	T7
	8.10
	19.90
	4.40
	    11.60

	T8
	7.80
	20.80
	4.60
	14.30

	SED

CD (0.05)
	0.635

1.348
	0.425

0.902


From the above data it was evident that the shoot length increased with the growth period for each treatment and the increase was found to be significant (P<0.05) for all the treatments. Among the treatments T2 and T4 were recorded the maximum shoot length on the 30th as well as on the 60th DAS, followed by T3. Thus the application of Azospirillum either alone or in combination with Phosphobacteria had influenced the shoot length in  

Cassia senna. Prasad et al. (2001) also indicated that the azospirillum produces growth promoting substances like IAA and GA which in turn enhances the crop growth. 

The recommended dose of nitrogen and phosphorus (50Kg ha-1) were sufficient to promote the growth of Cassia senna. 

4.1.2 Root length 

The root length of Cassia senna increased significantly  when compared to the control as shown in Table II. Among the treatments T2 (azospirillum) had registered the maximum root length on the 30th as well as on the 60th DAS, which was followed by T4 and T3. 

A study by Molla et al., (2001) had suggested that the root length was increased by the application of azospirillum in soybean.

4.1.3  Fresh and dry weight
 

The fresh and dry weights of Cassia senna for various stages of growth were depicted in Table III.

TABLE- III

The fresh and dry weights of Cassia senna   as influenced by the biofertilizer, nitrogen and phosphorus  

	Treatments
	Fresh Weight (g/plant)
	Day Weight

 (g/plant)

	
	Days after sowing
	Days after sowing

	
	30
	60
	30
	60

	T1
	0.34
	0.97
	0.02
	0.15

	T2
	0.50
	1.47
	0.08
	0.27

	T3
	0.44
	1.04
	0.07
	0.20

	T4
	0.46
	1.21
	0.08
	0.22

	T5
	0.34
	0.98
	0.05
	0.19

	T6
	0.50
	1.14
	0.06
	0.20

	T7
	0.35
	0.96
	0.04
	0.16

	T8
	0.40
	1.11
	0.06
	0.20

	SED

CD (0.05)
	0.039

0.083
	0.018

0.038


        The data in Table III revealed that there was a significant increase in fresh and dry weights of all the treatments except T5 and T7. Among the treatments T2 had tremendously increased the fresh and dry weights, which was followed by T4, T6, T8 and T3.

         The dry weights of the treatments T3, T6 and T8 were found to be on par with each other.  Azospirillum had increased the grain yield of sorghum was reported by Okon and Labandera (1992). Zaddy and Perevolotsky (1996) stated that inoculation of Quercus ithaburenins with Azospirillum significantly increased the dry weight. 

4.2  BIOCHEMICAL ANALYSIS
4.2.1 Total chlorophyll
           The levels of chlorophyll and total carbohydrate of Cassia senna influenced by the application of biofertilizer, nitrogen and phosphorus were depicated in Table IV.

TABLE IV

 Effect of biofertilizer, nitrogen and  phosphorus on the chlorophyll and total carbohydrate content of Cassia senna.

	Treatments
	Total Chlorophyll (mg/g)
	Total carbohydrate (mg/g)

	
	Days after sowing
	Days after sowing

	
	30
	60
	30
	60

	T1
	0.07
	0.23
	5.40
	6.02

	T2
	0.10
	0.37
	9.34
	10.04

	T3
	0.08
	0.31
	8.12
	9.97

	T4
	0.09
	0.34
	8.71
	9.98

	T5
	0.07
	0.32
	7.75
	9.97

	T6
	0.08
	0.34
	9.24
	9.94

	T7
	0.07
	0.30
	8.21
	10.01

	T8
	0.08
	0.33
	8.20
	10.02

	SED

CD (0.05)
	0.016

0.034
	0.048

0.101


 
There was a statistically (P<0.05) significant increase in the chlorophyll content of all the treatments when compared to the control as well as between the days of growth. Among the treatments T2 exhibited the highest chlorophyll content on the 30th as well as on the 60th day of growth followed by T4, T6 and T3. Control exihibited the lowest chlorophyll content. 

        Thus it was clear that all the treatments had comparable value except nitrogen  and phosphorus in recommended dose. The study of   Padma (1998) also indicated that the inoculation of Azospirillum in tobacco had increased the chlorophyll content of the plant. 

The higher chlorophyll content will  enhance the rate of photosynthesis and hence the plant growth. The figure 1  indicates the same.

4.2.2 TOTAL CARBOHYDRATE


It was clear from the Table IV and figure 2 that the total carbohydrate content of all the treatments were found to be increased tremendously when compared to the control and the  increase was found to be statistically significant (P<0.05). Eventhough T2 had recorded  the highest value on the 30th day, the treatment T2, T7 and T8 were recorded a similar value on the 60th day of growth. The study of Hamdia and Komy (1997) also indicated that Azospirillum inoculation significantly increased the soluble saccharides of  Zea mays.

4.2.3 TOTAL NITROGEN, PHOSPHORUS AND POTASSIUM


The NPK content of Cassia senna on the 30th and 60th day of growth was illustrated in Table-V





          TABLE V

NPK content of Cassia senna as influenced by the 

application of biofertlizer, nitrogen  and phosphorus

	 Treatments
	Total nitrogen (%)
	Phosphorus (%)
	Potassium (%)

	
	Days after sowing
	Days after sowing
	Days after sowing

	
	30
	60
	30
	60
	30
	60

	T1
	2.64
	    3.04
	0.01
	0.03
	0.82
	2.09

	T2
	4.95
	5.03
	0.06
	0.09
	1.63
	3.19

	T3
	3.49
	4.64
	0.09
	0.09
	1.64
	3.19

	T4
	4.64
	4.91
	0.09
	0.10
	1.82
	3.27

	T5
	3.24
	3.95
	0.06
	0.08
	1.60
	3.17

	T6
	3.71
	4.04
	0.06
	0.08
	1.60
	3.18

	T7
	3.36
	3.88
	0.07
	0.11
	1.59
	3.15

	T8
	3.41
	3.99
	0.08
	0.10
	1.60
	3.10

	SED

CD (0.05)
	0.039

0.08
	0.004

0.008
	0.002

0.005


 NITROGEN

          The nitrogen content of Cassia  senna for the 30th and 60th day was illustrated in Table V and figure-3.
 

          There was statistically (P<0.05) significant increase in nitrogen content among the treatments when compared to the control. The treatment T2  recorded the highest nitrogen content in two stages of growth followed by T4  and  T6.

Higher doses of nitrogen  and phosphorus show increase in nitrogen content compared to the  recommended dose. Thus the Azospirillum application increased the nitrogen content of Cassia senna. Okon (2004) also suggested that Azospirillum application in cereal and forage crops increase the rate of nitrogen uptake from the soil by biological nitrogen fixation

PHOSPHORUS

          As depicted in Table V there was a statistically significant increase in  the phosphorus content of Cassia  senna for all the treatments in the two stages of growth. Also the phosphorus levels of the treatment  were found to be three times higher  when compared to the control on the 60th day of growth. Among the treatments T3 and T4 recorded identical and maximum phosphorus content followed  by T8, T7 and T6 on the 30th day. T2, T5 and T6 also had shown a similar influence. Whereas on the 60th day T4 recorded the maximum phosphorus content followed by T4 and T8.  It  was  clear that the inoculation of  Cassia senna seeds with Azospirillum and Phosphobacteria either alone or in combination as well as the application of phosphorus in lower and higher level had increased the phosphorus content.

            The uptake of phosphorus increase with application of Azospirillum and Phosphobacteria in wheat was also reported by Mahendran and Chandramani (1998). 
POTASSIUM

              From  Table V it was clear that the potassium content of all the treatments were doubled on the 30th day of growth. The treatment T4 recorded the maximum potassium content through out the growth period. Thus the combined inoculation of Azospirillum and Phosphobacteria significantly increased the potassium content of Cassia senna when compared to other treatments.The study of Gopal et al. (2000) indicated that the biofertilizer had increased the potassium uptake in soybean.

4.3 AMMONIA ASSIMILATING ENZYMES 

            The enzyme involved glutamate/glutamine production from ammonia such as glutamate dehydrogenase (GDH), glutamate synthase (GOGAT) and glutamate synthetase (GS) are known as the ammonia assimilating enzymes. The glutamate synthase and glutamate dehydrogenase content of Cassia senna for the 30th  and  60th  day  of  growth  were   illustrated  in Table VI.
TABLE VI

Effect of biofertilizers, nitrogen and phosphorus on the activities of glutamate dehydrogenase and glutamate synthase of Cassia senna.

	Treatments
	Glutamate synthase*
	Glutamate Dehydrogenase*

	
	Days after sowing
	Days after sowing

	
	30
	60
	30
	60

	T1
	4.22
	5.10
	0.16
	0.95

	T2
	7.65
	11.31
	1.54
	2.40

	T3
	5.92
	8.70
	0.79
	2.03

	T4
	6.94
	10.82
	1.26
	2.13

	T5
	6.31
	8.92
	0.70
	2.03

	T6
	6.55
	9.02
	0.75
	2.12

	T7
	5.04
	8.31
	0.63
	1.96

	T8
	5.63
	8.54
	0.75
	2.02

	SED

CD (0.05)
	0.106

0.225
	0.030

0.064


* Nanomoles of NADH oxidized/min/mg protein

4.3.1 GLUTAMATE DEHYDROGENASE

            Table VI and figure 4 represent the GDH activity of Cassia senna. Among the treatments T4  recorded the maximum GDH activity on the 30th day followed by T3 ,the application of phosphorus (T8) and nitrogen (T6) at  the  higher level had influenced the GDH activity similarly. Whereas on the 60th day T2 recorded a maximum GDH activity followed by T4 and T6. There was a statistically significant (P<0.05) increase in activity of GDH among the treatments as well as between the days of growth. It was clear that the application of azospirillum both individually and in combination with phosphobacteria had increased the GDH activity. The treatments T3, T5 and T8 had registered a comparable activity  indicating  that the application of phosphobacteria , nitrogen at the lower dose and phosphorus at the higher dose had influenced the GDH activity similarly. A study by Mirzakrimbaig et al., (2001)   had shown that the biofertlizer inoculation had increased the ammonia assimilation rate. Wani (1990) also suggested that the azospirillum inoculation generally  increased the  nitrogen assimilation thereby increased the ammonia assimilatory enzymes.

  4.3.2 GLUTAMATE SYNTHASE

               From the Table VI and figure 5 it was clear that there was a significantly increased glutamate synthase activity for the treatments when compared to the control as well as between the numbers of days of growth. Among the treatments  T2 was found to be superior followed by T4, T6 and T5.Gunasekharan and Sivakumar (1996) suggested that the inoculation of azospirillum significantly increased the ammonia assimilatory enzyme activity in rice.

4.5 OXIDATIVE ENZYMES 

               Catalase and peroxidase are the oxidative enzymes. Catalase has been shown to associate with disease resistance, thereby indicating direct role in host metabolism during growth and disease challenge/development. Peroxidase show a greatest response to the pollutants and the increase in enzyme activity may be the indication of a stress situation in plant. H2O2   produced either directly or indirectly in plants is metabolized by the catalase and peroxidase  of  plants.

TABLE-VII

Activities of catalase and peroxidase in Cassia senna.
	Treatments
	Catalase*
	Peroxidase #  

	
	Days after sowing
	Days after sowing

	
	30
	60
	30
	60

	T1
	4.22
	5.10
	0.16
	0.95

	T2
	7.65
	11.31
	1.54
	2.40

	T3
	5.92
	8.70
	0.79
	2.03

	T4
	6.94
	10.82
	1.26
	2.13

	T5
	6.31
	8.92
	0.70
	2.03

	T6
	6.55
	9.02
	0.75
	2.12

	T7
	5.04
	8.31
	0.63
	1.96

	T8
	5.63
	8.54
	0.75
	2.02

	SED

CD (0.05)
	0.106

0.225
	0.030

0.064


*   ml of 0.01 N  KMnO4-1min -1  ml of enzyme extract

  #   min per gm

4.5.1. CATALASE

`              Table VII gives the catalase and peroxidase activities of Cassia senna on the 30th and 60th day of growth. There was a statistically significant increase in the catalase activity of all the treatments when compared to the control through out the growth period. Among the treatments T4 and T3 were registered the maximum activity on the 30th as well as on the 60th day of growth followed by T8 and T6. 

                 Thus the inoculation of phosphbacteria either alone or in combination  with  azospirillum  had  improved   the  activity  of  catalase. Goieoechea et al., (2005) also indicated that the biofertilizer  application had  increased the antioxidant enzyme activity. 

4.4.2. PEROXIDASE

               As represented in Table VII the peroxidase activity increased with the increase in growth period with the biofertilizer and mineral application. T4 recorded the maximum activity on both the stages of growth period followed by T2 and T3. It was clear that the combined inoculation of azospirillum and phosphobacteria had influenced the activity of peroxidase very much compared to the other treatments.  

              Devi and Reddy (2004) also reported that biofertilizer increase the activity of oxidative enzymes.

5.  SUMMARY AND CONCLUSION


The present study entitled “Effect of biofertilizer, nitrogen and phosphorus on the growth, biomass production and enzymic antioxidants in Cassia senna” was conducted with an objective to study the effect of Azospirillum, Phosphobacteria individually and in combination, nitrogen  in the  form of urea and phophorus in the from of superphosphate, on the biometric and biochemical parameters of Cassia senna. The study was carried out in pot cultures in completely randomized block design with four replications for each treatment. 6kg of soil was filled in all the pots along with farmyard manure at the rate of 12.5tonnes ha-1, urea was added at the rate of 50kg and l00kg ha-1 and superphosphate at the concentration of 50 kg and l00kg ha-1 to various pots.


Before the seeds were sown, Cassia Senna seeds were treated with azospirillum and phosphobacteria both individually and in combination. The treatments were as follows.


T1     
-   Control


T2 
-   Azospirillum

T3
-   Phosphobacteria 


T4      
-   Azospirillum + Phosphobacteria

T5      
-   50 Kg of nitrogen ha-1 


T6    
-   100 Kg of nitrogen ha-1 


T7
-   50 Kg of Phophorus ha-1 


T8
-   100 Kg of Phophorus ha-1 


At the end of the 30th and 60th day  after sowing, the plants were uprooted and subjected to various biometric and biochemical analysis.

The  results of  the study were summarized as follows,

1. Among the treatments, T2 and T4 recorded the maximum shoot length (9.8 and 9.5cm) on the 30th DAS as well as (24.7 and 24.6 cm) on the 60th DAS. Thus the application of Azospirillum individually and in combination with Phosphobacteria stimulated the growth of Cassia senna. Recommended doses of nitrogen (50kg ha-1) and phosphorus (50kg ha-1)  enhanced the shoot length over the higher doses of nitrogen (10 kg ha-1) and phosphorus (100kg ha-1) on both the 30th and 60th DAS. When Compared to the biofertilizers the nitrogen and phosphorus application had shown less influence on the shoot length of Cassia senna.

2. Root length of Cassia senna were found to be increased in treatment T2 on both 30th and 60th DAS (7.5 and 20.3 cm). Nitrogen and phosphorus on  higher dose recorded the maximum root length on the 30th and 60th DAS. Thus the Azospirillum inoculation had registered a maximum growth among all the treatments.

3. The fresh and dry weights of Cassia senna were found to be maximum in T2 among the treatments on both the 30th and 60th DAS. Nitrogen on higher dose had shown a comparable value with T2 on the 30th DAS in case of fresh weight, even though Azospirillum had registered the maximum fresh and dry weight at the end of the growth period.

4. The Azospirillum (T2) individually influenced the chlorophyll content on both the stages of growth period followed by T4 and T6. Improved content of chlorophyll was recorded by higher  dose of nitrogen and phosphorus than the recommended dose. The biofertilizer application had improved the chlorophyll content very much when compared to the chemical fertilizer (nitrogen and phosphorus).

5. Among the treatments total carbohydrate content was influenced by Azospirillum individually (T2) followed by T7 and T4. Higher doses of nitrogen and phosphorus had shown a higher influence on chlorophyll content compared to the recommended dose.

6. The treatment T2 recorded a maximum nitrogen content among the other treatments. Higher doses of nitrogen and phosphorus had shown higher nitrogen content compared to the recemmended dose.

7. Total phosphorus content was  found to be higher in T3 and T4 among the treatments  on the 30th DAS followed by T8 and T6. Phosphorus content of the Cassia senna increased with increased doses of phosphorus.

8. The combined application of Azospirillum and Phosphobacteria (T4) recorded the maximum potassium content, among the various treatments which was followed by T2, T3 and T8. Recommended and higher doses of nitrogen and phosphorus had shown same influence on the potassium content of Cassia senna.

9. The activities of glutamate dehydrogenase and glutamate synthase were found to be higher in T2 on both the 30th and 60th DAS followed by T4 and T6. There was a statistically significant increase in activites of both ammonia assimilatory enzymes in higher dose of nitrogen and phosphorus compared to the recommended dose. Azospirillum  individually and in combination with Phosphobacteria recorded the maximum activity compared to  the chemical fertilizers (nitrogen and phosphorus).

10.  The activities of the oxidative enzymes such as catalase and                                                                                                 peroxidase were higher in T3 and T4 on the 60th DAS followed by T6.     Higher doses of nitrogen and phosphorus increased the activities of      catalase and peroxidase than the recommended doses.

From the results summarized above we can conclude that the treatment T2 with Azospirillum individually exhibited an improved plant growth, biomass production, chlorophyll and total carbohydrate content and total nitrogen. The activity of ammonia assimilating enzymes were also enhanced by the application of Azospirillum individually. Combined application of Azospirillum and Phosphobacteria individually and in combination influenced the activities of oxidative enzymes and increased the total  phosphorus content. The combined application  also enhanced the plant growth and potassium content.

Thus the supplementation of biofertilizer seemed to invigorate the growth, biomass production, and biochemical constituents than the chemical fertilizer (nitrogen and phosphorus) in Cassia senna. 

Future Research Prospects

· Anti inflammatory studies could be carried out in the Cassia senna plant cultivated using Biofertilizers.

· Antioxidant enzymes can be extracted from the Cassia senna grown by applying biofertilizers.
· The growth of the Cassia senna can be improved by applying low cost biofertilizers.
APPENDIX I

ESTIMATION OF CHLOROPHYLL

SPECTRO PHOTOMETRY

(Yoshida et al., 1971)

  Principle

Chlorophyll is extracted with 80 percent acetone and the absorption at 663nm and 645 nm were read in a spectrophotometer.  Using the absorption coefficients, the amount of chlorophyll was calculated.

Reagents

                 80 % Acetone.

Procedure

Cut 1.0g fresh leaves into small pieces and homogenized in a mortar with pestle using 80 % acetone. Decanted and filtered the supernatant through a funnel using Whatmann No.42 filter paper. Added sufficient quantity of 80 % acetone and repeated the extraction. Transferred the contents from the mortar to a funnel and washed the brei with acetone until it becomes colourless. Pooled the filtrate and made up the volume to        100 ml in a volumetric flask. Transferred 5ml of the extract into a 50ml volumetric flask and diluted by making up the volume with 80 % acetone. Measured the absorbance at 645 and 663 nm for the determination of chlorophyll a, b and total chlorophyll.

The chlorophyll content can be calculated on a fresh weight basis using the following formula,

                                                 20.2 (A645) +8.02 (A663)

Total chlorophyll (mg/g)  =  




  x V

                                                         a x 1000 x W

      a  = length of path light in cell(cm)

      V = volume of the extract in ml

     W = fresh weight of the sample

APPENDIX II

ESTIMATION OF TOTAL CARBOHYDRATE

SPECTRO PHOTOMETRY

(Hedge and Hofreiter, 1962)

Principle


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

Reagents

1. 2.5 N Hydrochloric acid

2. Anthrone reagent: Dissolved 200 mg anthrone in 100 ml of          ice cold 95 % Sulphuric acid. Prepared fresh before use.

3. Stock Standard Glucose: Dissolved 100 mg of glucose in 100 ml water.

4. Working Standard: 10 ml of stock diluted to 100 ml with distilled water. Stored in a refrigerator after adding a few drops of toluene.

Procedure


Weighed 100 mg of the sample in a boiling tube. Hydrolyzed by keeping it in a boiling water bath for 3 hours with 5 ml of 2.5 N HCl and cooled it under room temperature. Neutralized it with solid sodium carbonate until the effervescence ceases. Made up the volume to 100 ml and centrifuged. Collected the supernatant and took 0.5 ml and 1.0 ml aliquots for analysis. Prepared the standards by taking 0, 0.2, 0.4, 0.6, 0.8 and 1.0 ml of the working standard. ‘0’ served as the blank. Made up the volume to       1 ml in all tubes including the sample tubes by adding distilled water. Then added 4.0 ml of anthrone reagent. Heated for eight minutes in a boiling water bath. Cooled rapidly and read the green to dark green colour at        630 nm. Constructed a standard graph by plotting concentration of the standard on the x-axis versus absorbance on the y-axis. From the standard graph calculated the amount of carbohydrate present in the sample.

Calculation

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

                                                                       Volume of test sample

    APPENDIX III

                          ESTIMATION OF PROTEIN

SPECTRO PHOTOMETRY

   (Lowry, 1951)

Principle 

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

Reagents

1. 2 % sodium carbonate in 0.01N sodium hydroxide (Reagent A)

2. 0.5% copper suplhate (CuSO4.5H2O) in 1% potassium sodium tartarate (Reagent B).

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

4. Folin–Ciocalteau Reagent (Reagent D): Refluxed gently for 10 hours a mixture consisting of 100g sodium tungstate, 25 gm sodium molybdate, 700 ml water, 50 ml of 85 % phosphoric acid and 100 ml of concentrated hydrochloric acid in a 1.5 liter flask. Added 150 gm of lithium sulfate, 50 ml water and a few drops of bromine water. Boiled the mixture for 15 min without condenser to remove excess bromine. Cooled, diluted to 1 litre and filtered.

5. Protein solution (stock standard): Weighed accurately 50 mg of bovine serum albumin 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 in a standard flask.

Procedure
Extraction of protein from sample

Weighed 500 mg of the sample and ground well with a pestle and mortar in 10 ml of the phosphate buffer. Centrifuged and used the supernatant for protein estimation. 

Estimation of protein

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

The results were expressed in mg of protein present per 100g of sample.

APPENDIX IV

ESTIMATION OF NITROGEN

MICROKJELDAHL METHOD

(Humphries, 1956)
Principle

Total nitrogen is the sum of ammonia nitrogen and organic nitrogen. These nitrogen were converted to ammonium sulphate when treated with sulphuric acid. An excess of alkali is then added to liberate ammonia and distilled.  The distillate is titrated with standard sulphuric acid after absorption in boric acid solution.

Reagents

1. Diacid: Concentrated sulphuric acid and perchloric acid were mixed in the ratio of 4:1.

2. Mixed indicator: Dissolved 0.5g of bromocresol green and 0.1g of methylred in 100ml ethyl alcohol.

3. 2 % Boric acid.

4. 40 % sodium hydroxide.

5. N/70 sulphuric acid.

Procedure

Ground the dried plant sample and made it to a fine powder. Took 0.5g of the sample in a microkjeldahl flask and added 12 ml of diacid. Digested the sample over a heated sand bath. Made up the volume to         100 ml with distilled water.

Pipetted out 10 ml aliquot into microjeldahl distillation apparatus. Kept at the delivery end, 10 ml of 2 % boric acid with mixed indicator in a 100 ml conical flask. Added 10 ml of 40 % sodium hydroxide into the distillation apparatus and steamed the distillate until a blue colour was reached. The distillate was titrated against N/70 sulphuric acid until red colour was got. 

Calculation

                                          0.00028 x titre value       100

Nitrogen content (%)  =                                       x  

                                                        10                       0.5

APPENDIX V

ESTIMATION OF PHOSPHORUS

SPECTRO PHOTOMETRY

(Jackson, 1973)

Principle

Phosphorus reacts with ammonium molybdate and ammonium metavanadate in acidic medium to give a yellow coloured product.  The intensity of the yellow colour is directly related to the concentration of phosphorus and  is read at 420 nm in a spectrophotometer.

Reagents
1. Barteu Reagent

      Solution A: 25g of ammonium molybdate was dissolved in 400 ml  of 

      warm water.                             

     Solution B: 1.25g of ammonium metavanadate was dissolved in 300 ml

     of boiling water solution A and B were mixed and made upto 1000ml.

2. Triple Acid mixture

    Concentrated nitric acid, perchloric acid and sulphuric acid were mixed in the ratio of 3:2:1

Procedure

5g of the finely powdered plant sample was taken in a 100ml kjeldahl flask. Added 25 ml of the triple acid mixture and treated for            4 hours, cooled and made up the solution to 100 ml with distilled water.

1. From the digested extract pipetted out 5ml of the aliquot into a 25ml volumetric flask.

2. Introduced a bit of red litmus paper.

3. Neutralised with ammonia solution until litmus paper turned blue.

4. Again neutralised it with concentrated nitric acid until limits paper turned red.

5. Added 5 ml of Barteu reagent.

6. Made up the volume to 25 ml with distilled H2O.

7. After 30 minutes, the intensity of yellow colour developed was read at 420 nm in a spectrophotometer.

8. Using the phosphorus standard curve, the phosphorus concentration in in the sample was read in ppm.

Preparation of standard curve

0.2195g of analytical grade of potassium dihydrogen phosphate was dissolved in 400 ml of distilled water. 25 ml of 7N sulphuric acid was added and the volume was made upto 1000 ml. This is 50 ppm of phosphorus. Then 100 ml of this 50 ppm stock solution was diluted to     1000 ml to get 5 ppm of phosphorus solution. From this a series of phosphorus standards  ranging from 0.01 to 1 ppm were prepared.  Finally 5 ml of this solution was pipetted out into a 25ml volumetric flask. 5 ml of barteu reagent was added and the volume was made upto 25 ml. Intensity of the colour of each standard was measured on the spectrophotometer at 420 nm and std curve was constructed.

 Calculation

                                           Phosphorus conc. in ppm     25   100

Phosphorus content (%)=                                            x       x       x 100        

                                                           106                                         5           5
APPENDIX VI

ESTIMATION OF POTASSIUM

FLAME PHOTOMETRY

(Jackson, 1973)

Principle

In flame photometry, the solution under test is passed under careful conditions as a very fine spray in the air supply to a burner. In the flame, the solution evaporates and the salt dissociates to give neutral atoms. A very small proportion of this move into a higher energy state. When these excited atoms fall back to the ground state the light emitted of characteristic wavelength is measured. Potassium is estimated at 710 nm.

Reagents

Triple acid mixture: Concentrated nitric acid, perchloric acid and sulphuric acids were mixed in the ratio of 3:2:1.

Procedure


Sample preparation was done as for phosphorus. Five ml of the acid extract was pipetted out into a vital and the transmission was read in the 

flame photometer. Using a potassium standard curve, the concentration of potassium was calculated.

Potassium standard curve:


1.907 g of analar grade potassium chloride was dissolved in 100 ml of distilled water to get 1000 ppm of potassium. 100 ml of 1000 ppm of potassium was diluted to 1 litre to get 100 ppm of potassium. From this a series of potassium standards ranging from 0-100 ppm were prepared and the percentage transmission was read on a flame photometer to construct a standard curve.

Calculation

                                             Potassium conc. in ppm          100        100

Potassium content (%) =                                                x            x  

                                                               106                                          5                   5
                                   APPENDIX VII

ESTIMATION OF GLUTAMATE SYNTHASE

                SPECTRO PHOTOMETRY

                                       (Van De Casteele et al., 1975)

Principle

Glutamate synthase was assayed spectrophotometrically by recording the rate of oxidation of NADPH or NADH as indicated by a change in absorbance at 340 nm following the addition of enzyme extract.

Reagents

1. Tris HCl buffer, 50mM, pH 7.6

2. Prepared the following reagents in Tris–HCl buffer 50 mM, pH 7.6

             - Glutamine, 5mM (36.5 mg/ 10ml)

             - 2- oxoglutarate, 5mM (36 mg/ 10ml)

             - NADPH or NADH, 0.25 mM (10 mg/ ml)

3. Enzyme exract

Extracted 1g of the plant material with 5 ml of 100 mM phosphate buffer pH 7.5 containing 1mM disodium EDTA, 1mM dithioeryhthritol & 1 % polyvinyl pyrrolidine (PVP) and centrifuged at 10,000 g for 30 min at 4o C. collected the supernatant and was used for the assay of glutamate syntase and glutamate dehydrogenase.

Procedure

1. Prepared the reaction mixture as per the table 

      Reagent

ml to be added

   Glutamine


1.0

   2- Oxoglutarate


1.0

   NADH/NADPH
          1.0

   Enzyme Extract

          0.2

   Buffer 



1.8

3. Blank was prepared by adding 1ml of buffer instead of 2-Oxoglutarate.

4. Incubated for 15-30 min at 37o C.

5. Recorded the change in absorbance at 340 nm.

Calculation

The amount of NADH oxidized was calculated from the molar extinction coefficient. Activity of glutamate synthase was expressed as nanomoles of NADH oxidized per min per mg protein.

Nanomole of NADH               A340 x Volume of assay solution x 1000

oxidized per min        =          

per mg protein       6.22 x Time of incubation x mg of protein in enzyme                                                
                                              (min)                   enzyme extract used

APPENDIX VIII

                 ESTIMATION OF GLUTAMATE DHASE

                                               SPECTRO PHOTOMETRY

              (Doherty, 1970)

Principle

Glutamate dehydrogenase was assayed by following the oxidation of the reduced coenzyme NADH or NADPH. The reduced co-enzyme absorb light at 340 nm, which in most biological systems is uniquely uncluttered with interfering absorption of NADH at 340 nm was easily detected.

Reagents

1. Potassium phosphate buffer 0.1M (pH 7.0)

2. 2-Oxoglutarate (0.1M): Dissolved 14.6 g in one litre distilled water.

3. Ammonium chloride (1M): 53.5 g in 1 litre of distilled water.

4. NADH: (10mg/ ml).

5. Enzyme extract: Prepared as for glutamate synthase.

Procedure

Proceed the assay of NADH – dependent glutamate dehydrogenase as per the composition of assay given in table.

 Reagent 




            ml to be added

Potassium phosphate buffer pH 7.0


1.0

2-Oxoglutarate     



          0.3

Ammonium chloride



          0.5

NADH





          0.12

Enzyme extract




          0.2

Water





          8.0

2. Blank was prepared by adding 0.3 ml water instead of 2-oxoglutarate.

  3. Incubated the reaction mixture at 37o C for 15-30 minutes.

  4. Recorded the change in absorbance at 340 nm.

Calculation

The amount of NADH oxidized was calculated from the molar extinction coefficient. Activity was expressed as nanomole of NADH oxidized per min per mg protein.


Nanomole of NADH                          A340 x Volume of assay solution x 1000

oxidized per min            =    

per mg protein                    6.22 x Time of incubation x mg of protein in enzyme extract         

                                                 (min)
                             used

APPENDIX IX

ESTIMATION OF CATALASE

TITRIMETRY

          (Thenmozhi and Sadasivam, 1989)

Principle

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

Reagents

0.3 N hydrogen peroxide,

2 N sulphuric acid,

0.01 N potassium permanganate,

M/15 phosphate buffer-pH 6.8, 

Enzyme extract

Homogenized the plant tissue in a blender with M/15 phosphate buffer at 1- 4o C and centrifuged. Stirred the sediment with cold phosphate buffer, allowed to stand in the cold with occasional shaking and repeated the extraction once or twice. Used the combined supernatant. The catalase activity could change considerably on storage of the tissue.

Procedure

1. Pipetted out 5 ml of the phosphate buffer (pH 6.8) into 2 conical flasks.

2. Added 4 ml of substrate (0.3 N H2O2 )  into each flask.

3. To one of the flask added 0.5ml of enzyme extract.

4. Incubated at room temperature for 15 min.

5. Added 10 ml of 2 N sulphuric acid to both the control and the test flasks. Immediately added 0.5 ml enzyme extract to the control.

6. Titrated the contents against to 0.01N potassium permanganate till a pink colour developed.

7. Difference between the titre values gave the volume of permanganate equivalent to enzyme activity.

Calculation

Volume of 0.01 N KMnO4 utilized by the test solution = T1​ ml

        Volume of 0.01 N KMnO4 utilized by the control         = T2ml

        Volume of 0.01 N KMnO4 utilized by peroxide which was acted up on                 by 0. 5ml of catalase in 15minutes                                         = (T2 – T1) ml

                                                                        (T2 – T1)
    1

Volume utilized by 1 ml enzyme in 1 min = ________ x   ___
= ‘Y’ ml.

                   



      0.5         15 min

         Activity of catalase = Y ml of 0.01 NMnO4 / min / ml enzyme.

   APPENDIX X

ESTIMATION OF PEROXIDASE

SPECTRO PHOTOMETRY
(Reddy et al., 1995)

Principle 


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

Pyrogallol + H2O2      peroxidase       oxidized pyrogallol (coloured) + H2O + O2
Reagents

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

2. 1 % hydrogen peroxide

3. Enzyme extract

Macerated one part of plant tissue with fiver parts (W/V) of 0.1 M phosp0hate buffer (pH 6.5) in a homogenizer. Centrifuged the homogenate at 3000 g for 15 minutes. Used the supernatant as enzyme source. All procedures are carried out at 0-5(C.

Procedure

1. Pipetted out 3 ml of 0.05 M pyrogallol solution and 0.5-0.1 ml of enzyme is extracted in test tube.

2. Adjusted the spectrophotometer to read zero at 430 nm.

3. Added 0.5 ml of 1 % H2O2 in the test cuvette.

4. Recorded th change in absorbance for every 30 seconds upto 3 minutes (or upto 1 minute).

5. Found out the protein concentration in 0.1 ml of enzyme extract.

Calculation

Change in the absorbance per minute at 430 nm =  X

Weight of the plant material


     = 100 mg

Change in the absorbance for 0.02 ml

     = 
X









          X

Change in the absorbance for 1.5 ml 

     =                       x   1.5 = Y









        0.02

Peroxidase activity in 0.1 g of plant tissue          =  Y

Peroxidase activity in 0.1 g of plant tissue          =   Y x 1.0     

                                                                                      0.1

Peroxidase activity  = Z/ min/ g of the plant tissue.

APPENDIX I

ESTIMATION OF CHLOROPHYLL

SPECTRO PHOTOMETRY

(Yoshida et al., 1971)

  Principle

Chlorophyll is extracted with 80 percent acetone and the absorption at 663nm and 645 nm were read in a spectrophotometer.  Using the absorption coefficients, the amount of chlorophyll was calculated.

Reagents

                 80 % Acetone.

Procedure

Cut 1.0g fresh leaves into small pieces and homogenized in a mortar with pestle using 80 % acetone. Decanted and filtered the supernatant through a funnel using Whatmann No.42 filter paper. Added sufficient quantity of 80 % acetone and repeated the extraction. Transferred the contents from the mortar to a funnel and washed the brei with acetone until it becomes colourless. Pooled the filtrate and made up the volume to        100 ml in a volumetric flask. Transferred 5ml of the extract into a 50ml volumetric flask and diluted by making up the volume with 80 % acetone. Measured the absorbance at 645 and 663 nm for the determination of chlorophyll a, b and total chlorophyll.

The chlorophyll content can be calculated on a fresh weight basis using the following formula,

                                                 20.2 (A645) +8.02 (A663)

Total chlorophyll (mg/g)  =  




  x V

                                                         a x 1000 x W

      a  = length of path light in cell(cm)

      V = volume of the extract in ml

     W = fresh weight of the sample

APPENDIX II

ESTIMATION OF TOTAL CARBOHYDRATE

SPECTRO PHOTOMETRY

(Hedge and Hofreiter, 1962)

Principle


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

Reagents

5. 2.5 N Hydrochloric acid

6. Anthrone reagent: Dissolved 200 mg anthrone in 100 ml of          ice cold 95 % Sulphuric acid. Prepared fresh before use.

7. Stock Standard Glucose: Dissolved 100 mg of glucose in 100 ml water.

8. Working Standard: 10 ml of stock diluted to 100 ml with distilled water. Stored in a refrigerator after adding a few drops of toluene.

Procedure


Weighed 100 mg of the sample in a boiling tube. Hydrolyzed by keeping it in a boiling water bath for 3 hours with 5 ml of 2.5 N HCl and cooled it under room temperature. Neutralized it with solid sodium carbonate until the effervescence ceases. Made up the volume to 100 ml and centrifuged. Collected the supernatant and took 0.5 ml and 1.0 ml aliquots for analysis. Prepared the standards by taking 0, 0.2, 0.4, 0.6, 0.8 and 1.0 ml of the working standard. ‘0’ served as the blank. Made up the volume to       1 ml in all tubes including the sample tubes by adding distilled water. Then added 4.0 ml of anthrone reagent. Heated for eight minutes in a boiling water bath. Cooled rapidly and read the green to dark green colour at        630 nm. Constructed a standard graph by plotting concentration of the standard on the x-axis versus absorbance on the y-axis. From the standard graph calculated the amount of carbohydrate present in the sample.

Calculation

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

                                                                       Volume of test sample

    APPENDIX III

                          ESTIMATION OF PROTEIN

SPECTRO PHOTOMETRY

   (Lowry, 1951)

Principle 

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

Reagents

7. 2 % sodium carbonate in 0.01N sodium hydroxide (Reagent A)

8. 0.5% copper suplhate (CuSO4.5H2O) in 1% potassium sodium tartarate (Reagent B).

9. Alkaline copper sulphate solution: Mixed 50 ml of A and 1ml of B prior to use (Reagent C).

10. Folin–Ciocalteau Reagent (Reagent D): Refluxed gently for 10 hours a mixture consisting of 100g sodium tungstate, 25 gm sodium molybdate, 700 ml water, 50 ml of 85 % phosphoric acid and 100 ml of concentrated hydrochloric acid in a 1.5 liter flask. Added 150 gm of lithium sulfate, 50 ml water and a few drops of bromine water. Boiled the mixture for 15 min without condenser to remove excess bromine. Cooled, diluted to 1 litre and filtered.

11. Protein solution (stock standard): Weighed accurately 50 mg of bovine serum albumin and dissolved in distilled water and made upto 50 ml in a standard flask.

12. Working standard: Diluted 10 ml of the stock solution to 50 ml with distilled water in a standard flask.

Procedure
Extraction of protein from sample

Weighed 500 mg of the sample and ground well with a pestle and mortar in 10 ml of the phosphate buffer. Centrifuged and used the supernatant for protein estimation. 

Estimation of protein

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

The results were expressed in mg of protein present per 100g of sample.

APPENDIX IV

ESTIMATION OF NITROGEN

MICROKJELDAHL METHOD

(Humphries, 1956)
Principle

Total nitrogen is the sum of ammonia nitrogen and organic nitrogen. These nitrogen were converted to ammonium sulphate when treated with sulphuric acid. An excess of alkali is then added to liberate ammonia and distilled.  The distillate is titrated with standard sulphuric acid after absorption in boric acid solution.

Reagents

6. Diacid: Concentrated sulphuric acid and perchloric acid were mixed in the ratio of 4:1.

7. Mixed indicator: Dissolved 0.5g of bromocresol green and 0.1g of methylred in 100ml ethyl alcohol.

8. 2 % Boric acid.

9. 40 % sodium hydroxide.

10. N/70 sulphuric acid.

Procedure

Ground the dried plant sample and made it to a fine powder. Took 0.5g of the sample in a microkjeldahl flask and added 12 ml of diacid. Digested the sample over a heated sand bath. Made up the volume to         100 ml with distilled water.

Pipetted out 10 ml aliquot into microjeldahl distillation apparatus. Kept at the delivery end, 10 ml of 2 % boric acid with mixed indicator in a 100 ml conical flask. Added 10 ml of 40 % sodium hydroxide into the distillation apparatus and steamed the distillate until a blue colour was reached. The distillate was titrated against N/70 sulphuric acid until red colour was got. 

Calculation

                                          0.00028 x titre value       100

Nitrogen content (%)  =                                       x  

                                                        10                       0.5

APPENDIX V

ESTIMATION OF PHOSPHORUS

SPECTRO PHOTOMETRY

(Jackson, 1973)

Principle

Phosphorus reacts with ammonium molybdate and ammonium metavanadate in acidic medium to give a yellow coloured product.  The intensity of the yellow colour is directly related to the concentration of phosphorus and  is read at 420 nm in a spectrophotometer.

Reagents
6. Barteu Reagent

      Solution A: 25g of ammonium molybdate was dissolved in 400 ml  of 

      warm water.                             

     Solution B: 1.25g of ammonium metavanadate was dissolved in 300 ml

     of boiling water solution A and B were mixed and made upto 1000ml.

7. Triple Acid mixture

    Concentrated nitric acid, perchloric acid and sulphuric acid were mixed in the ratio of 3:2:1

Procedure

5g of the finely powdered plant sample was taken in a 100ml kjeldahl flask. Added 25 ml of the triple acid mixture and treated for            4 hours, cooled and made up the solution to 100 ml with distilled water.

9. From the digested extract pipetted out 5ml of the aliquot into a 25ml volumetric flask.

10. Introduced a bit of red litmus paper.

11. Neutralised with ammonia solution until litmus paper turned blue.

12. Again neutralised it with concentrated nitric acid until limits paper turned red.

13. Added 5 ml of Barteu reagent.

14. Made up the volume to 25 ml with distilled H2O.

15. After 30 minutes, the intensity of yellow colour developed was read at 420 nm in a spectrophotometer.

16. Using the phosphorus standard curve, the phosphorus concentration in in the sample was read in ppm.

Preparation of standard curve

0.2195g of analytical grade of potassium dihydrogen phosphate was dissolved in 400 ml of distilled water. 25 ml of 7N sulphuric acid was added and the volume was made upto 1000 ml. This is 50 ppm of phosphorus. Then 100 ml of this 50 ppm stock solution was diluted to     1000 ml to get 5 ppm of phosphorus solution. From this a series of phosphorus standards  ranging from 0.01 to 1 ppm were prepared.  Finally 5 ml of this solution was pipetted out into a 25ml volumetric flask. 5 ml of barteu reagent was added and the volume was made upto 25 ml. Intensity of the colour of each standard was measured on the spectrophotometer at 420 nm and std curve was constructed.

 Calculation

                                           Phosphorus conc. in ppm     25   100

Phosphorus content (%)=                                            x       x       x 100        

                                                           106                                         5           5
APPENDIX VI

ESTIMATION OF POTASSIUM

FLAME PHOTOMETRY

(Jackson, 1973)

Principle

In flame photometry, the solution under test is passed under careful conditions as a very fine spray in the air supply to a burner. In the flame, the solution evaporates and the salt dissociates to give neutral atoms. A very small proportion of this move into a higher energy state. When these excited atoms fall back to the ground state the light emitted of characteristic wavelength is measured. Potassium is estimated at 710 nm.

Reagents

Triple acid mixture: Concentrated nitric acid, perchloric acid and sulphuric acids were mixed in the ratio of 3:2:1.

Procedure


Sample preparation was done as for phosphorus. Five ml of the acid extract was pipetted out into a vital and the transmission was read in the 

flame photometer. Using a potassium standard curve, the concentration of potassium was calculated.

Potassium standard curve:


1.907 g of analar grade potassium chloride was dissolved in 100 ml of distilled water to get 1000 ppm of potassium. 100 ml of 1000 ppm of potassium was diluted to 1 litre to get 100 ppm of potassium. From this a series of potassium standards ranging from 0-100 ppm were prepared and the percentage transmission was read on a flame photometer to construct a standard curve.

Calculation

                                             Potassium conc. in ppm          100        100

Potassium content (%) =                                                x            x  

                                                               106                                          5                   5
                                   APPENDIX VII

ESTIMATION OF GLUTAMATE SYNTHASE

                SPECTRO PHOTOMETRY

                                       (Van De Casteele et al., 1975)

Principle

Glutamate synthase was assayed spectrophotometrically by recording the rate of oxidation of NADPH or NADH as indicated by a change in absorbance at 340 nm following the addition of enzyme extract.

Reagents

4. Tris HCl buffer, 50mM, pH 7.6

5. Prepared the following reagents in Tris–HCl buffer 50 mM, pH 7.6

             - Glutamine, 5mM (36.5 mg/ 10ml)

             - 2- oxoglutarate, 5mM (36 mg/ 10ml)

             - NADPH or NADH, 0.25 mM (10 mg/ ml)

6. Enzyme exract

Extracted 1g of the plant material with 5 ml of 100 mM phosphate buffer pH 7.5 containing 1mM disodium EDTA, 1mM dithioeryhthritol & 1 % polyvinyl pyrrolidine (PVP) and centrifuged at 10,000 g for 30 min at 4o C. collected the supernatant and was used for the assay of glutamate syntase and glutamate dehydrogenase.

Procedure

1. Prepared the reaction mixture as per the table 

      Reagent

ml to be added

   Glutamine


1.0

   2- Oxoglutarate


1.0

   NADH/NADPH
          1.0

   Enzyme Extract

          0.2

   Buffer 



1.8

8. Blank was prepared by adding 1ml of buffer instead of 2-Oxoglutarate.

9. Incubated for 15-30 min at 37o C.

10. Recorded the change in absorbance at 340 nm.

Calculation

The amount of NADH oxidized was calculated from the molar extinction coefficient. Activity of glutamate synthase was expressed as nanomoles of NADH oxidized per min per mg protein.

Nanomole of NADH               A340 x Volume of assay solution x 1000

oxidized per min        =          

per mg protein       6.22 x Time of incubation x mg of protein in enzyme                                                
                                              (min)                   enzyme extract used

APPENDIX VIII

                 ESTIMATION OF GLUTAMATE DHASE

                                               SPECTRO PHOTOMETRY

              (Doherty, 1970)

Principle

Glutamate dehydrogenase was assayed by following the oxidation of the reduced coenzyme NADH or NADPH. The reduced co-enzyme absorb light at 340 nm, which in most biological systems is uniquely uncluttered with interfering absorption of NADH at 340 nm was easily detected.

Reagents

6. Potassium phosphate buffer 0.1M (pH 7.0)

7. 2-Oxoglutarate (0.1M): Dissolved 14.6 g in one litre distilled water.

8. Ammonium chloride (1M): 53.5 g in 1 litre of distilled water.

9. NADH: (10mg/ ml).

10. Enzyme extract: Prepared as for glutamate synthase.

Procedure

Proceed the assay of NADH – dependent glutamate dehydrogenase as per the composition of assay given in table.

 Reagent 




            ml to be added

Potassium phosphate buffer pH 7.0


1.0

2-Oxoglutarate     



          0.3

Ammonium chloride



          0.5

NADH





          0.12

Enzyme extract




          0.2

Water





          8.0

2. Blank was prepared by adding 0.3 ml water instead of 2-oxoglutarate.

  3. Incubated the reaction mixture at 37o C for 15-30 minutes.

  4. Recorded the change in absorbance at 340 nm.

Calculation

The amount of NADH oxidized was calculated from the molar extinction coefficient. Activity was expressed as nanomole of NADH oxidized per min per mg protein.


Nanomole of NADH                          A340 x Volume of assay solution x 1000

oxidized per min            =    

per mg protein                    6.22 x Time of incubation x mg of protein in enzyme extract         

                                                 (min)
                             used

APPENDIX IX

ESTIMATION OF CATALASE

TITRIMETRY

          (Thenmozhi and Sadasivam, 1989)

Principle

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

Reagents

0.3 N hydrogen peroxide,

2 N sulphuric acid,

0.02 N potassium permanganate,

M/15 phosphate buffer-pH 6.8, 

Enzyme extract

Homogenized the plant tissue in a blender with M/15 phosphate buffer at 1- 4o C and centrifuged. Stirred the sediment with cold phosphate buffer, allowed to stand in the cold with occasional shaking and repeated the extraction once or twice. Used the combined supernatant. The catalase activity could change considerably on storage of the tissue.

Procedure

8. Pipetted out 5 ml of the phosphate buffer (pH 6.8) into 2 conical flasks.

9. Added 4 ml of substrate (0.3 N H2O2 )  into each flask.

10. To one of the flask added 0.5ml of enzyme extract.

11. Incubated at room temperature for 15 min.

12. Added 10 ml of 2 N sulphuric acid to both the control and the test flasks. Immediately added 0.5 ml enzyme extract to the control.

13. Titrated the contents against to 0.01N potassium permanganate till a pink colour developed.

14. Difference between the titre values gave the volume of permanganate equivalent to enzyme activity.

Calculation

Volume of 0.01 N KMnO4 utilized by the test solution = T1​ ml

        Volume of 0.01 N KMnO4 utilized by the control         = T2ml

        Volume of 0.01 N KMnO4 utilized by peroxide which was acted up on                 by 0. 5ml of catalase in 15minutes                                         = (T2 – T1) ml

                                                                        (T2 – T1)
    1

Volume utilized by 1 ml enzyme in 1 min = ________ x   ___
= ‘Y’ ml.

                   



      0.5         15 min

         Activity of catalase = Y ml of 0.01 NMnO4 / min / ml enzyme.

   APPENDIX X

ESTIMATION OF PEROXIDASE

SPECTRO PHOTOMETRY
(Reddy et al., 1995)

Principle 


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

Pyrogallol + H2O2      peroxidase       oxidized pyrogallol (coloured) + H2O + O2
Reagents

4. 0.05 M pyrogallol in 0.1 M phosphate buffer pH 6.5

5. 1 % hydrogen peroxide

6. Enzyme extract

Macerated one part of plant tissue with fiver parts (W/V) of 0.1 M phosp0hate buffer (pH 6.5) in a homogenizer. Centrifuged the homogenate at 3000 g for 15 minutes. Used the supernatant as enzyme source. All procedures are carried out at 0-5(C.

Procedure

6. Pipetted out 3 ml of 0.05 M pyrogallol solution and 0.5-0.1 ml of enzyme is extracted in test tube.

7. Adjusted the spectrophotometer to read zero at 430 nm.

8. Added 0.5 ml of 1 % H2O2 in the test cuvette.

9. Recorded th change in absorbance for every 30 seconds upto 3 minutes (or upto 1 minute).

10. Found out the protein concentration in 0.1 ml of enzyme extract.

Calculation

Change in the absorbance per minute at 430 nm =  X

Weight of the plant material


     = 100 mg

Change in the absorbance for 0.02 ml

     = 
X









          X

Change in the absorbance for 1.5 ml 

     =                       x   1.5 = Y









        0.02

Peroxidase activity in 0.1 g of plant tissue          =  Y

Peroxidase activity in 0.1 g of plant tissue          =   Y x 1.0     

                                                                                      0.1

Peroxidase activity  = Z/ min/ g of the plant tissue.
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APPENDIX I

ESTIMATION OF CHLOROPHYLL

SPECTRO PHOTOMETRY

(Yoshida et al., 1971)

  Principle

Chlorophyll is extracted with 80 percent acetone and the absorption at 663nm and 645 nm were read in a spectrophotometer.  Using the absorption coefficients, the amount of chlorophyll was calculated.

Reagents

                 80 % Acetone.

Procedure

Cut 1.0g fresh leaves into small pieces and homogenized in a mortar with pestle using 80 % acetone. Decanted and filtered the supernatant through a funnel using Whatmann No.42 filter paper. Added sufficient quantity of 80 % acetone and repeated the extraction. Transferred the contents from the mortar to a funnel and washed the brei with acetone until it becomes colourless. Pooled the filtrate and made up the volume to        100 ml in a volumetric flask. Transferred 5ml of the extract into a 50ml volumetric flask and diluted by making up the volume with 80 % acetone. Measured the absorbance at 645 and 663 nm for the determination of chlorophyll a, b and total chlorophyll.

The chlorophyll content can be calculated on a fresh weight basis using the following formula,

                                                 20.2 (A645) +8.02 (A663)

Total chlorophyll (mg/g)  =  




  x V

                                                         a x 1000 x W

      a  = length of path light in cell(cm)

      V = volume of the extract in ml

     W = fresh weight of the sample

APPENDIX II

ESTIMATION OF TOTAL CARBOHYDRATE

SPECTRO PHOTOMETRY

(Hedge and Hofreiter, 1962)

Principle


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

Reagents

9. 2.5 N Hydrochloric acid

10. Anthrone reagent: Dissolved 200 mg anthrone in 100 ml of          ice cold 95 % Sulphuric acid. Prepared fresh before use.

11. Stock Standard Glucose: Dissolved 100 mg of glucose in 100 ml water.

12. Working Standard: 10 ml of stock diluted to 100 ml with distilled water. Stored in a refrigerator after adding a few drops of toluene.

Procedure


Weighed 100 mg of the sample in a boiling tube. Hydrolyzed by keeping it in a boiling water bath for 3 hours with 5 ml of 2.5 N HCl and cooled it under room temperature. Neutralized it with solid sodium carbonate until the effervescence ceases. Made up the volume to 100 ml and centrifuged. Collected the supernatant and took 0.5 ml and 1.0 ml aliquots for analysis. Prepared the standards by taking 0, 0.2, 0.4, 0.6, 0.8 and 1.0 ml of the working standard. ‘0’ served as the blank. Made up the volume to       1 ml in all tubes including the sample tubes by adding distilled water. Then added 4.0 ml of anthrone reagent. Heated for eight minutes in a boiling water bath. Cooled rapidly and read the green to dark green colour at        630 nm. Constructed a standard graph by plotting concentration of the standard on the x-axis versus absorbance on the y-axis. From the standard graph calculated the amount of carbohydrate present in the sample.

Calculation

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

                                                                       Volume of test sample

    APPENDIX III

                          ESTIMATION OF PROTEIN

SPECTRO PHOTOMETRY

   (Lowry, 1951)

Principle 

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

Reagents

13. 2 % sodium carbonate in 0.01N sodium hydroxide (Reagent A)

14. 0.5% copper suplhate (CuSO4.5H2O) in 1% potassium sodium tartarate (Reagent B).

15. Alkaline copper sulphate solution: Mixed 50 ml of A and 1ml of B prior to use (Reagent C).

16. Folin–Ciocalteau Reagent (Reagent D): Refluxed gently for 10 hours a mixture consisting of 100g sodium tungstate, 25 gm sodium molybdate, 700 ml water, 50 ml of 85 % phosphoric acid and 100 ml of concentrated hydrochloric acid in a 1.5 liter flask. Added 150 gm of lithium sulfate, 50 ml water and a few drops of bromine water. Boiled the mixture for 15 min without condenser to remove excess bromine. Cooled, diluted to 1 litre and filtered.

17. Protein solution (stock standard): Weighed accurately 50 mg of bovine serum albumin and dissolved in distilled water and made upto 50 ml in a standard flask.

18. Working standard: Diluted 10 ml of the stock solution to 50 ml with distilled water in a standard flask.

Procedure
Extraction of protein from sample

Weighed 500 mg of the sample and ground well with a pestle and mortar in 10 ml of the phosphate buffer. Centrifuged and used the supernatant for protein estimation. 

Estimation of protein

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

The results were expressed in mg of protein present per 100g of sample.

APPENDIX IV

ESTIMATION OF NITROGEN

MICROKJELDAHL METHOD

(Humphries, 1956)
Principle

Total nitrogen is the sum of ammonia nitrogen and organic nitrogen. These nitrogen were converted to ammonium sulphate when treated with sulphuric acid. An excess of alkali is then added to liberate ammonia and distilled.  The distillate is titrated with standard sulphuric acid after absorption in boric acid solution.

Reagents

11. Diacid: Concentrated sulphuric acid and perchloric acid were mixed in the ratio of 4:1.

12. Mixed indicator: Dissolved 0.5g of bromocresol green and 0.1g of methylred in 100ml ethyl alcohol.

13. 2 % Boric acid.

14. 40 % sodium hydroxide.

15. N/70 sulphuric acid.

Procedure

Ground the dried plant sample and made it to a fine powder. Took 0.5g of the sample in a microkjeldahl flask and added 12 ml of diacid. Digested the sample over a heated sand bath. Made up the volume to         100 ml with distilled water.

Pipetted out 10 ml aliquot into microjeldahl distillation apparatus. Kept at the delivery end, 10 ml of 2 % boric acid with mixed indicator in a 100 ml conical flask. Added 10 ml of 40 % sodium hydroxide into the distillation apparatus and steamed the distillate until a blue colour was reached. The distillate was titrated against N/70 sulphuric acid until red colour was got. 

Calculation

                                          0.00028 x titre value       100

Nitrogen content (%)  =                                       x  

                                                        10                       0.5

APPENDIX V

ESTIMATION OF PHOSPHORUS

SPECTRO PHOTOMETRY

(Jackson, 1973)

Principle

Phosphorus reacts with ammonium molybdate and ammonium metavanadate in acidic medium to give a yellow coloured product.  The intensity of the yellow colour is directly related to the concentration of phosphorus and  is read at 420 nm in a spectrophotometer.

Reagents
11. Barteu Reagent

      Solution A: 25g of ammonium molybdate was dissolved in 400 ml  of 

      warm water.                             

     Solution B: 1.25g of ammonium metavanadate was dissolved in 300 ml

     of boiling water solution A and B were mixed and made upto 1000ml.

12. Triple Acid mixture

    Concentrated nitric acid, perchloric acid and sulphuric acid were mixed in the ratio of 3:2:1

Procedure

5g of the finely powdered plant sample was taken in a 100ml kjeldahl flask. Added 25 ml of the triple acid mixture and treated for            4 hours, cooled and made up the solution to 100 ml with distilled water.

17. From the digested extract pipetted out 5ml of the aliquot into a 25ml volumetric flask.

18. Introduced a bit of red litmus paper.

19. Neutralised with ammonia solution until litmus paper turned blue.

20. Again neutralised it with concentrated nitric acid until limits paper turned red.

21. Added 5 ml of Barteu reagent.

22. Made up the volume to 25 ml with distilled H2O.

23. After 30 minutes, the intensity of yellow colour developed was read at 420 nm in a spectrophotometer.

24. Using the phosphorus standard curve, the phosphorus concentration in in the sample was read in ppm.

Preparation of standard curve

0.2195g of analytical grade of potassium dihydrogen phosphate was dissolved in 400 ml of distilled water. 25 ml of 7N sulphuric acid was added and the volume was made upto 1000 ml. This is 50 ppm of phosphorus. Then 100 ml of this 50 ppm stock solution was diluted to     1000 ml to get 5 ppm of phosphorus solution. From this a series of phosphorus standards  ranging from 0.01 to 1 ppm were prepared.  Finally 5 ml of this solution was pipetted out into a 25ml volumetric flask. 5 ml of barteu reagent was added and the volume was made upto 25 ml. Intensity of the colour of each standard was measured on the spectrophotometer at 420 nm and std curve was constructed.

 Calculation

                                           Phosphorus conc. in ppm     25   100

Phosphorus content (%)=                                            x       x       x 100        

                                                           106                                         5           5
APPENDIX VI

ESTIMATION OF POTASSIUM

FLAME PHOTOMETRY

(Jackson, 1973)

Principle

In flame photometry, the solution under test is passed under careful conditions as a very fine spray in the air supply to a burner. In the flame, the solution evaporates and the salt dissociates to give neutral atoms. A very small proportion of this move into a higher energy state. When these excited atoms fall back to the ground state the light emitted of characteristic wavelength is measured. Potassium is estimated at 710 nm.

Reagents

Triple acid mixture: Concentrated nitric acid, perchloric acid and sulphuric acids were mixed in the ratio of 3:2:1.

Procedure


Sample preparation was done as for phosphorus. Five ml of the acid extract was pipetted out into a vital and the transmission was read in the 

flame photometer. Using a potassium standard curve, the concentration of potassium was calculated.

Potassium standard curve:


1.907 g of analar grade potassium chloride was dissolved in 100 ml of distilled water to get 1000 ppm of potassium. 100 ml of 1000 ppm of potassium was diluted to 1 litre to get 100 ppm of potassium. From this a series of potassium standards ranging from 0-100 ppm were prepared and the percentage transmission was read on a flame photometer to construct a standard curve.

Calculation

                                             Potassium conc. in ppm          100        100

Potassium content (%) =                                                x            x  

                                                               106                                          5                   5
                                   APPENDIX VII

ESTIMATION OF GLUTAMATE SYNTHASE

                SPECTRO PHOTOMETRY

                                       (Van De Casteele et al., 1975)

Principle

Glutamate synthase was assayed spectrophotometrically by recording the rate of oxidation of NADPH or NADH as indicated by a change in absorbance at 340 nm following the addition of enzyme extract.

Reagents

7. Tris HCl buffer, 50mM, pH 7.6

8. Prepared the following reagents in Tris–HCl buffer 50 mM, pH 7.6

             - Glutamine, 5mM (36.5 mg/ 10ml)

             - 2- oxoglutarate, 5mM (36 mg/ 10ml)

             - NADPH or NADH, 0.25 mM (10 mg/ ml)

9. Enzyme exract

Extracted 1g of the plant material with 5 ml of 100 mM phosphate buffer pH 7.5 containing 1mM disodium EDTA, 1mM dithioeryhthritol & 1 % polyvinyl pyrrolidine (PVP) and centrifuged at 10,000 g for 30 min at 4o C. collected the supernatant and was used for the assay of glutamate syntase and glutamate dehydrogenase.

Procedure

1. Prepared the reaction mixture as per the table 

      Reagent

ml to be added

   Glutamine


1.0

   2- Oxoglutarate


1.0

   NADH/NADPH
          1.0

   Enzyme Extract

          0.2

   Buffer 



1.8

13. Blank was prepared by adding 1ml of buffer instead of 2-Oxoglutarate.

14. Incubated for 15-30 min at 37o C.

15. Recorded the change in absorbance at 340 nm.

Calculation

The amount of NADH oxidized was calculated from the molar extinction coefficient. Activity of glutamate synthase was expressed as nanomoles of NADH oxidized per min per mg protein.

Nanomole of NADH               A340 x Volume of assay solution x 1000

oxidized per min        =          

per mg protein       6.22 x Time of incubation x mg of protein in enzyme                                                
                                              (min)                   enzyme extract used

APPENDIX VIII

                 ESTIMATION OF GLUTAMATE DHASE

                                               SPECTRO PHOTOMETRY

              (Doherty, 1970)

Principle

Glutamate dehydrogenase was assayed by following the oxidation of the reduced coenzyme NADH or NADPH. The reduced co-enzyme absorb light at 340 nm, which in most biological systems is uniquely uncluttered with interfering absorption of NADH at 340 nm was easily detected.

Reagents

11. Potassium phosphate buffer 0.1M (pH 7.0)

12. 2-Oxoglutarate (0.1M): Dissolved 14.6 g in one litre distilled water.

13. Ammonium chloride (1M): 53.5 g in 1 litre of distilled water.

14. NADH: (10mg/ ml).

15. Enzyme extract: Prepared as for glutamate synthase.

Procedure

Proceed the assay of NADH – dependent glutamate dehydrogenase as per the composition of assay given in table.

 Reagent 




            ml to be added

Potassium phosphate buffer pH 7.0


1.0

2-Oxoglutarate     



          0.3

Ammonium chloride



          0.5

NADH





          0.12

Enzyme extract




          0.2

Water





          8.0

2. Blank was prepared by adding 0.3 ml water instead of 2-oxoglutarate.

  3. Incubated the reaction mixture at 37o C for 15-30 minutes.

  4. Recorded the change in absorbance at 340 nm.

Calculation

The amount of NADH oxidized was calculated from the molar extinction coefficient. Activity was expressed as nanomole of NADH oxidized per min per mg protein.


Nanomole of NADH                          A340 x Volume of assay solution x 1000

oxidized per min            =    

per mg protein                    6.22 x Time of incubation x mg of protein in enzyme extract         

                                                 (min)
                             used

APPENDIX IX

ESTIMATION OF CATALASE

TITRIMETRY

          (Thenmozhi and Sadasivam, 1989)

Principle

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

Reagents

0.3 N hydrogen peroxide,

2 N sulphuric acid,

0.03 N potassium permanganate,

M/15 phosphate buffer-pH 6.8, 

Enzyme extract

Homogenized the plant tissue in a blender with M/15 phosphate buffer at 1- 4o C and centrifuged. Stirred the sediment with cold phosphate buffer, allowed to stand in the cold with occasional shaking and repeated the extraction once or twice. Used the combined supernatant. The catalase activity could change considerably on storage of the tissue.

Procedure

15. Pipetted out 5 ml of the phosphate buffer (pH 6.8) into 2 conical flasks.

16. Added 4 ml of substrate (0.3 N H2O2 )  into each flask.

17. To one of the flask added 0.5ml of enzyme extract.

18. Incubated at room temperature for 15 min.

19. Added 10 ml of 2 N sulphuric acid to both the control and the test flasks. Immediately added 0.5 ml enzyme extract to the control.

20. Titrated the contents against to 0.01N potassium permanganate till a pink colour developed.

21. Difference between the titre values gave the volume of permanganate equivalent to enzyme activity.

Calculation

Volume of 0.01 N KMnO4 utilized by the test solution = T1​ ml

        Volume of 0.01 N KMnO4 utilized by the control         = T2ml

        Volume of 0.01 N KMnO4 utilized by peroxide which was acted up on                 by 0. 5ml of catalase in 15minutes                                         = (T2 – T1) ml

                                                                        (T2 – T1)
    1

Volume utilized by 1 ml enzyme in 1 min = ________ x   ___
= ‘Y’ ml.

                   



      0.5         15 min

         Activity of catalase = Y ml of 0.01 NMnO4 / min / ml enzyme.

   APPENDIX X

ESTIMATION OF PEROXIDASE

SPECTRO PHOTOMETRY
(Reddy et al., 1995)

Principle 


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

Pyrogallol + H2O2      peroxidase       oxidized pyrogallol (coloured) + H2O + O2
Reagents

7. 0.05 M pyrogallol in 0.1 M phosphate buffer pH 6.5

8. 1 % hydrogen peroxide

9. Enzyme extract

Macerated one part of plant tissue with fiver parts (W/V) of 0.1 M phosp0hate buffer (pH 6.5) in a homogenizer. Centrifuged the homogenate at 3000 g for 15 minutes. Used the supernatant as enzyme source. All procedures are carried out at 0-5(C.

Procedure

11. Pipetted out 3 ml of 0.05 M pyrogallol solution and 0.5-0.1 ml of enzyme is extracted in test tube.

12. Adjusted the spectrophotometer to read zero at 430 nm.

13. Added 0.5 ml of 1 % H2O2 in the test cuvette.

14. Recorded th change in absorbance for every 30 seconds upto 3 minutes (or upto 1 minute).

15. Found out the protein concentration in 0.1 ml of enzyme extract.

Calculation

Change in the absorbance per minute at 430 nm =  X

Weight of the plant material


     = 100 mg

Change in the absorbance for 0.02 ml

     = 
X









          X

Change in the absorbance for 1.5 ml 

     =                       x   1.5 = Y









        0.02

Peroxidase activity in 0.1 g of plant tissue          =  Y

Peroxidase activity in 0.1 g of plant tissue          =   Y x 1.0     

                                                                                      0.1

Peroxidase activity  = Z/ min/ g of the plant tissue.

APPENDIX I

ESTIMATION OF CHLOROPHYLL

SPECTRO PHOTOMETRY

(Yoshida et al., 1971)

  Principle

Chlorophyll is extracted with 80 percent acetone and the absorption at 663nm and 645 nm were read in a spectrophotometer.  Using the absorption coefficients, the amount of chlorophyll was calculated.

Reagents

                 80 % Acetone.

Procedure

Cut 1.0g fresh leaves into small pieces and homogenized in a mortar with pestle using 80 % acetone. Decanted and filtered the supernatant through a funnel using Whatmann No.42 filter paper. Added sufficient quantity of 80 % acetone and repeated the extraction. Transferred the contents from the mortar to a funnel and washed the brei with acetone until it becomes colourless. Pooled the filtrate and made up the volume to        100 ml in a volumetric flask. Transferred 5ml of the extract into a 50ml volumetric flask and diluted by making up the volume with 80 % acetone. Measured the absorbance at 645 and 663 nm for the determination of chlorophyll a, b and total chlorophyll.

The chlorophyll content can be calculated on a fresh weight basis using the following formula,

                                                 20.2 (A645) +8.02 (A663)

Total chlorophyll (mg/g)  =  




  x V

                                                         a x 1000 x W

      a  = length of path light in cell(cm)

      V = volume of the extract in ml

     W = fresh weight of the sample

APPENDIX II

ESTIMATION OF TOTAL CARBOHYDRATE

SPECTRO PHOTOMETRY

(Hedge and Hofreiter, 1962)

Principle


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

Reagents

13. 2.5 N Hydrochloric acid

14. Anthrone reagent: Dissolved 200 mg anthrone in 100 ml of          ice cold 95 % Sulphuric acid. Prepared fresh before use.

15. Stock Standard Glucose: Dissolved 100 mg of glucose in 100 ml water.

16. Working Standard: 10 ml of stock diluted to 100 ml with distilled water. Stored in a refrigerator after adding a few drops of toluene.

Procedure


Weighed 100 mg of the sample in a boiling tube. Hydrolyzed by keeping it in a boiling water bath for 3 hours with 5 ml of 2.5 N HCl and cooled it under room temperature. Neutralized it with solid sodium carbonate until the effervescence ceases. Made up the volume to 100 ml and centrifuged. Collected the supernatant and took 0.5 ml and 1.0 ml aliquots for analysis. Prepared the standards by taking 0, 0.2, 0.4, 0.6, 0.8 and 1.0 ml of the working standard. ‘0’ served as the blank. Made up the volume to       1 ml in all tubes including the sample tubes by adding distilled water. Then added 4.0 ml of anthrone reagent. Heated for eight minutes in a boiling water bath. Cooled rapidly and read the green to dark green colour at        630 nm. Constructed a standard graph by plotting concentration of the standard on the x-axis versus absorbance on the y-axis. From the standard graph calculated the amount of carbohydrate present in the sample.

Calculation

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

                                                                       Volume of test sample

    APPENDIX III

                          ESTIMATION OF PROTEIN

SPECTRO PHOTOMETRY

   (Lowry, 1951)

Principle 

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

Reagents

19. 2 % sodium carbonate in 0.01N sodium hydroxide (Reagent A)

20. 0.5% copper suplhate (CuSO4.5H2O) in 1% potassium sodium tartarate (Reagent B).

21. Alkaline copper sulphate solution: Mixed 50 ml of A and 1ml of B prior to use (Reagent C).

22. Folin–Ciocalteau Reagent (Reagent D): Refluxed gently for 10 hours a mixture consisting of 100g sodium tungstate, 25 gm sodium molybdate, 700 ml water, 50 ml of 85 % phosphoric acid and 100 ml of concentrated hydrochloric acid in a 1.5 liter flask. Added 150 gm of lithium sulfate, 50 ml water and a few drops of bromine water. Boiled the mixture for 15 min without condenser to remove excess bromine. Cooled, diluted to 1 litre and filtered.

23. Protein solution (stock standard): Weighed accurately 50 mg of bovine serum albumin and dissolved in distilled water and made upto 50 ml in a standard flask.

24. Working standard: Diluted 10 ml of the stock solution to 50 ml with distilled water in a standard flask.

Procedure
Extraction of protein from sample

Weighed 500 mg of the sample and ground well with a pestle and mortar in 10 ml of the phosphate buffer. Centrifuged and used the supernatant for protein estimation. 

Estimation of protein

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

The results were expressed in mg of protein present per 100g of sample.

APPENDIX IV

ESTIMATION OF NITROGEN

MICROKJELDAHL METHOD

(Humphries, 1956)
Principle

Total nitrogen is the sum of ammonia nitrogen and organic nitrogen. These nitrogen were converted to ammonium sulphate when treated with sulphuric acid. An excess of alkali is then added to liberate ammonia and distilled.  The distillate is titrated with standard sulphuric acid after absorption in boric acid solution.

Reagents

16. Diacid: Concentrated sulphuric acid and perchloric acid were mixed in the ratio of 4:1.

17. Mixed indicator: Dissolved 0.5g of bromocresol green and 0.1g of methylred in 100ml ethyl alcohol.

18. 2 % Boric acid.

19. 40 % sodium hydroxide.

20. N/70 sulphuric acid.

Procedure

Ground the dried plant sample and made it to a fine powder. Took 0.5g of the sample in a microkjeldahl flask and added 12 ml of diacid. Digested the sample over a heated sand bath. Made up the volume to         100 ml with distilled water.

Pipetted out 10 ml aliquot into microjeldahl distillation apparatus. Kept at the delivery end, 10 ml of 2 % boric acid with mixed indicator in a 100 ml conical flask. Added 10 ml of 40 % sodium hydroxide into the distillation apparatus and steamed the distillate until a blue colour was reached. The distillate was titrated against N/70 sulphuric acid until red colour was got. 

Calculation

                                          0.00028 x titre value       100

Nitrogen content (%)  =                                       x  

                                                        10                       0.5

APPENDIX V

ESTIMATION OF PHOSPHORUS

SPECTRO PHOTOMETRY

(Jackson, 1973)

Principle

Phosphorus reacts with ammonium molybdate and ammonium metavanadate in acidic medium to give a yellow coloured product.  The intensity of the yellow colour is directly related to the concentration of phosphorus and  is read at 420 nm in a spectrophotometer.

Reagents
16. Barteu Reagent

      Solution A: 25g of ammonium molybdate was dissolved in 400 ml  of 

      warm water.                             

     Solution B: 1.25g of ammonium metavanadate was dissolved in 300 ml

     of boiling water solution A and B were mixed and made upto 1000ml.

17. Triple Acid mixture

    Concentrated nitric acid, perchloric acid and sulphuric acid were mixed in the ratio of 3:2:1

Procedure

5g of the finely powdered plant sample was taken in a 100ml kjeldahl flask. Added 25 ml of the triple acid mixture and treated for            4 hours, cooled and made up the solution to 100 ml with distilled water.

25. From the digested extract pipetted out 5ml of the aliquot into a 25ml volumetric flask.

26. Introduced a bit of red litmus paper.

27. Neutralised with ammonia solution until litmus paper turned blue.

28. Again neutralised it with concentrated nitric acid until limits paper turned red.

29. Added 5 ml of Barteu reagent.

30. Made up the volume to 25 ml with distilled H2O.

31. After 30 minutes, the intensity of yellow colour developed was read at 420 nm in a spectrophotometer.

32. Using the phosphorus standard curve, the phosphorus concentration in in the sample was read in ppm.

Preparation of standard curve

0.2195g of analytical grade of potassium dihydrogen phosphate was dissolved in 400 ml of distilled water. 25 ml of 7N sulphuric acid was added and the volume was made upto 1000 ml. This is 50 ppm of phosphorus. Then 100 ml of this 50 ppm stock solution was diluted to     1000 ml to get 5 ppm of phosphorus solution. From this a series of phosphorus standards  ranging from 0.01 to 1 ppm were prepared.  Finally 5 ml of this solution was pipetted out into a 25ml volumetric flask. 5 ml of barteu reagent was added and the volume was made upto 25 ml. Intensity of the colour of each standard was measured on the spectrophotometer at 420 nm and std curve was constructed.

 Calculation

                                           Phosphorus conc. in ppm     25   100

Phosphorus content (%)=                                            x       x       x 100        

                                                           106                                         5           5
APPENDIX VI

ESTIMATION OF POTASSIUM

FLAME PHOTOMETRY

(Jackson, 1973)

Principle

In flame photometry, the solution under test is passed under careful conditions as a very fine spray in the air supply to a burner. In the flame, the solution evaporates and the salt dissociates to give neutral atoms. A very small proportion of this move into a higher energy state. When these excited atoms fall back to the ground state the light emitted of characteristic wavelength is measured. Potassium is estimated at 710 nm.

Reagents

Triple acid mixture: Concentrated nitric acid, perchloric acid and sulphuric acids were mixed in the ratio of 3:2:1.

Procedure


Sample preparation was done as for phosphorus. Five ml of the acid extract was pipetted out into a vital and the transmission was read in the 

flame photometer. Using a potassium standard curve, the concentration of potassium was calculated.

Potassium standard curve:


1.907 g of analar grade potassium chloride was dissolved in 100 ml of distilled water to get 1000 ppm of potassium. 100 ml of 1000 ppm of potassium was diluted to 1 litre to get 100 ppm of potassium. From this a series of potassium standards ranging from 0-100 ppm were prepared and the percentage transmission was read on a flame photometer to construct a standard curve.

Calculation

                                             Potassium conc. in ppm          100        100

Potassium content (%) =                                                x            x  

                                                               106                                          5                   5
                                   APPENDIX VII

ESTIMATION OF GLUTAMATE SYNTHASE

                SPECTRO PHOTOMETRY

                                       (Van De Casteele et al., 1975)

Principle

Glutamate synthase was assayed spectrophotometrically by recording the rate of oxidation of NADPH or NADH as indicated by a change in absorbance at 340 nm following the addition of enzyme extract.

Reagents

10. Tris HCl buffer, 50mM, pH 7.6

11. Prepared the following reagents in Tris–HCl buffer 50 mM, pH 7.6

             - Glutamine, 5mM (36.5 mg/ 10ml)

             - 2- oxoglutarate, 5mM (36 mg/ 10ml)

             - NADPH or NADH, 0.25 mM (10 mg/ ml)

12. Enzyme exract

Extracted 1g of the plant material with 5 ml of 100 mM phosphate buffer pH 7.5 containing 1mM disodium EDTA, 1mM dithioeryhthritol & 1 % polyvinyl pyrrolidine (PVP) and centrifuged at 10,000 g for 30 min at 4o C. collected the supernatant and was used for the assay of glutamate syntase and glutamate dehydrogenase.

Procedure

1. Prepared the reaction mixture as per the table 

      Reagent

ml to be added

   Glutamine


1.0

   2- Oxoglutarate


1.0

   NADH/NADPH
          1.0

   Enzyme Extract

          0.2

   Buffer 



1.8

18. Blank was prepared by adding 1ml of buffer instead of 2-Oxoglutarate.

19. Incubated for 15-30 min at 37o C.

20. Recorded the change in absorbance at 340 nm.

Calculation

The amount of NADH oxidized was calculated from the molar extinction coefficient. Activity of glutamate synthase was expressed as nanomoles of NADH oxidized per min per mg protein.

Nanomole of NADH               A340 x Volume of assay solution x 1000

oxidized per min        =          

per mg protein       6.22 x Time of incubation x mg of protein in enzyme                                                
                                              (min)                   enzyme extract used

APPENDIX VIII

                 ESTIMATION OF GLUTAMATE DHASE

                                               SPECTRO PHOTOMETRY

              (Doherty, 1970)

Principle

Glutamate dehydrogenase was assayed by following the oxidation of the reduced coenzyme NADH or NADPH. The reduced co-enzyme absorb light at 340 nm, which in most biological systems is uniquely uncluttered with interfering absorption of NADH at 340 nm was easily detected.

Reagents

16. Potassium phosphate buffer 0.1M (pH 7.0)

17. 2-Oxoglutarate (0.1M): Dissolved 14.6 g in one litre distilled water.

18. Ammonium chloride (1M): 53.5 g in 1 litre of distilled water.

19. NADH: (10mg/ ml).

20. Enzyme extract: Prepared as for glutamate synthase.

Procedure

Proceed the assay of NADH – dependent glutamate dehydrogenase as per the composition of assay given in table.

 Reagent 




            ml to be added

Potassium phosphate buffer pH 7.0


1.0

2-Oxoglutarate     



          0.3

Ammonium chloride



          0.5

NADH





          0.12

Enzyme extract




          0.2

Water





          8.0

2. Blank was prepared by adding 0.3 ml water instead of 2-oxoglutarate.

  3. Incubated the reaction mixture at 37o C for 15-30 minutes.

  4. Recorded the change in absorbance at 340 nm.

Calculation

The amount of NADH oxidized was calculated from the molar extinction coefficient. Activity was expressed as nanomole of NADH oxidized per min per mg protein.


Nanomole of NADH                          A340 x Volume of assay solution x 1000

oxidized per min            =    

per mg protein                    6.22 x Time of incubation x mg of protein in enzyme extract         

                                                 (min)
                             used

APPENDIX IX

ESTIMATION OF CATALASE

TITRIMETRY

          (Thenmozhi and Sadasivam, 1989)

Principle

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

Reagents

0.3 N hydrogen peroxide,

2 N sulphuric acid,

0.04 N potassium permanganate,

M/15 phosphate buffer-pH 6.8, 

Enzyme extract

Homogenized the plant tissue in a blender with M/15 phosphate buffer at 1- 4o C and centrifuged. Stirred the sediment with cold phosphate buffer, allowed to stand in the cold with occasional shaking and repeated the extraction once or twice. Used the combined supernatant. The catalase activity could change considerably on storage of the tissue.

Procedure

22. Pipetted out 5 ml of the phosphate buffer (pH 6.8) into 2 conical flasks.

23. Added 4 ml of substrate (0.3 N H2O2 )  into each flask.

24. To one of the flask added 0.5ml of enzyme extract.

25. Incubated at room temperature for 15 min.

26. Added 10 ml of 2 N sulphuric acid to both the control and the test flasks. Immediately added 0.5 ml enzyme extract to the control.

27. Titrated the contents against to 0.01N potassium permanganate till a pink colour developed.

28. Difference between the titre values gave the volume of permanganate equivalent to enzyme activity.

Calculation

Volume of 0.01 N KMnO4 utilized by the test solution = T1​ ml

        Volume of 0.01 N KMnO4 utilized by the control         = T2ml

        Volume of 0.01 N KMnO4 utilized by peroxide which was acted up on                 by 0. 5ml of catalase in 15minutes                                         = (T2 – T1) ml

                                                                        (T2 – T1)
    1

Volume utilized by 1 ml enzyme in 1 min = ________ x   ___
= ‘Y’ ml.

                   



      0.5         15 min

         Activity of catalase = Y ml of 0.01 NMnO4 / min / ml enzyme.

   APPENDIX X

ESTIMATION OF PEROXIDASE

SPECTRO PHOTOMETRY
(Reddy et al., 1995)

Principle 


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

Pyrogallol + H2O2      peroxidase       oxidized pyrogallol (coloured) + H2O + O2
Reagents

10. 0.05 M pyrogallol in 0.1 M phosphate buffer pH 6.5

11. 1 % hydrogen peroxide

12. Enzyme extract

Macerated one part of plant tissue with fiver parts (W/V) of 0.1 M phosp0hate buffer (pH 6.5) in a homogenizer. Centrifuged the homogenate at 3000 g for 15 minutes. Used the supernatant as enzyme source. All procedures are carried out at 0-5(C.

Procedure

16. Pipetted out 3 ml of 0.05 M pyrogallol solution and 0.5-0.1 ml of enzyme is extracted in test tube.

17. Adjusted the spectrophotometer to read zero at 430 nm.

18. Added 0.5 ml of 1 % H2O2 in the test cuvette.

19. Recorded th change in absorbance for every 30 seconds upto 3 minutes (or upto 1 minute).

20. Found out the protein concentration in 0.1 ml of enzyme extract.

Calculation

Change in the absorbance per minute at 430 nm =  X

Weight of the plant material


     = 100 mg

Change in the absorbance for 0.02 ml

     = 
X









          X

Change in the absorbance for 1.5 ml 

     =                       x   1.5 = Y









        0.02

Peroxidase activity in 0.1 g of plant tissue          =  Y

Peroxidase activity in 0.1 g of plant tissue          =   Y x 1.0     

                                                                                      0.1

Peroxidase activity  = Z/ min/ g of the plant tissue.

APPENDIX I

ESTIMATION OF CHLOROPHYLL

SPECTRO PHOTOMETRY

(Yoshida et al., 1971)

  Principle

Chlorophyll is extracted with 80 percent acetone and the absorption at 663nm and 645 nm were read in a spectrophotometer.  Using the absorption coefficients, the amount of chlorophyll was calculated.

Reagents

                 80 % Acetone.

Procedure

Cut 1.0g fresh leaves into small pieces and homogenized in a mortar with pestle using 80 % acetone. Decanted and filtered the supernatant through a funnel using Whatmann No.42 filter paper. Added sufficient quantity of 80 % acetone and repeated the extraction. Transferred the contents from the mortar to a funnel and washed the brei with acetone until it becomes colourless. Pooled the filtrate and made up the volume to        100 ml in a volumetric flask. Transferred 5ml of the extract into a 50ml volumetric flask and diluted by making up the volume with 80 % acetone. Measured the absorbance at 645 and 663 nm for the determination of chlorophyll a, b and total chlorophyll.

The chlorophyll content can be calculated on a fresh weight basis using the following formula,

                                                 20.2 (A645) +8.02 (A663)

Total chlorophyll (mg/g)  =  




  x V

                                                         a x 1000 x W

      a  = length of path light in cell(cm)

      V = volume of the extract in ml

     W = fresh weight of the sample

APPENDIX II

ESTIMATION OF TOTAL CARBOHYDRATE

SPECTRO PHOTOMETRY

(Hedge and Hofreiter, 1962)

Principle


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

Reagents

17. 2.5 N Hydrochloric acid

18. Anthrone reagent: Dissolved 200 mg anthrone in 100 ml of          ice cold 95 % Sulphuric acid. Prepared fresh before use.

19. Stock Standard Glucose: Dissolved 100 mg of glucose in 100 ml water.

20. Working Standard: 10 ml of stock diluted to 100 ml with distilled water. Stored in a refrigerator after adding a few drops of toluene.

Procedure


Weighed 100 mg of the sample in a boiling tube. Hydrolyzed by keeping it in a boiling water bath for 3 hours with 5 ml of 2.5 N HCl and cooled it under room temperature. Neutralized it with solid sodium carbonate until the effervescence ceases. Made up the volume to 100 ml and centrifuged. Collected the supernatant and took 0.5 ml and 1.0 ml aliquots for analysis. Prepared the standards by taking 0, 0.2, 0.4, 0.6, 0.8 and 1.0 ml of the working standard. ‘0’ served as the blank. Made up the volume to       1 ml in all tubes including the sample tubes by adding distilled water. Then added 4.0 ml of anthrone reagent. Heated for eight minutes in a boiling water bath. Cooled rapidly and read the green to dark green colour at        630 nm. Constructed a standard graph by plotting concentration of the standard on the x-axis versus absorbance on the y-axis. From the standard graph calculated the amount of carbohydrate present in the sample.

Calculation

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

                                                                       Volume of test sample

    APPENDIX III

                          ESTIMATION OF PROTEIN

SPECTRO PHOTOMETRY

   (Lowry, 1951)

Principle 

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

Reagents

25. 2 % sodium carbonate in 0.01N sodium hydroxide (Reagent A)

26. 0.5% copper suplhate (CuSO4.5H2O) in 1% potassium sodium tartarate (Reagent B).

27. Alkaline copper sulphate solution: Mixed 50 ml of A and 1ml of B prior to use (Reagent C).

28. Folin–Ciocalteau Reagent (Reagent D): Refluxed gently for 10 hours a mixture consisting of 100g sodium tungstate, 25 gm sodium molybdate, 700 ml water, 50 ml of 85 % phosphoric acid and 100 ml of concentrated hydrochloric acid in a 1.5 liter flask. Added 150 gm of lithium sulfate, 50 ml water and a few drops of bromine water. Boiled the mixture for 15 min without condenser to remove excess bromine. Cooled, diluted to 1 litre and filtered.

29. Protein solution (stock standard): Weighed accurately 50 mg of bovine serum albumin and dissolved in distilled water and made upto 50 ml in a standard flask.

30. Working standard: Diluted 10 ml of the stock solution to 50 ml with distilled water in a standard flask.

Procedure
Extraction of protein from sample

Weighed 500 mg of the sample and ground well with a pestle and mortar in 10 ml of the phosphate buffer. Centrifuged and used the supernatant for protein estimation. 

Estimation of protein

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

The results were expressed in mg of protein present per 100g of sample.

APPENDIX IV

ESTIMATION OF NITROGEN

MICROKJELDAHL METHOD

(Humphries, 1956)
Principle

Total nitrogen is the sum of ammonia nitrogen and organic nitrogen. These nitrogen were converted to ammonium sulphate when treated with sulphuric acid. An excess of alkali is then added to liberate ammonia and distilled.  The distillate is titrated with standard sulphuric acid after absorption in boric acid solution.

Reagents

21. Diacid: Concentrated sulphuric acid and perchloric acid were mixed in the ratio of 4:1.

22. Mixed indicator: Dissolved 0.5g of bromocresol green and 0.1g of methylred in 100ml ethyl alcohol.

23. 2 % Boric acid.

24. 40 % sodium hydroxide.

25. N/70 sulphuric acid.

Procedure

Ground the dried plant sample and made it to a fine powder. Took 0.5g of the sample in a microkjeldahl flask and added 12 ml of diacid. Digested the sample over a heated sand bath. Made up the volume to         100 ml with distilled water.

Pipetted out 10 ml aliquot into microjeldahl distillation apparatus. Kept at the delivery end, 10 ml of 2 % boric acid with mixed indicator in a 100 ml conical flask. Added 10 ml of 40 % sodium hydroxide into the distillation apparatus and steamed the distillate until a blue colour was reached. The distillate was titrated against N/70 sulphuric acid until red colour was got. 

Calculation

                                          0.00028 x titre value       100

Nitrogen content (%)  =                                       x  

                                                        10                       0.5

APPENDIX V

ESTIMATION OF PHOSPHORUS

SPECTRO PHOTOMETRY

(Jackson, 1973)

Principle

Phosphorus reacts with ammonium molybdate and ammonium metavanadate in acidic medium to give a yellow coloured product.  The intensity of the yellow colour is directly related to the concentration of phosphorus and  is read at 420 nm in a spectrophotometer.

Reagents
21. Barteu Reagent

      Solution A: 25g of ammonium molybdate was dissolved in 400 ml  of 

      warm water.                             

     Solution B: 1.25g of ammonium metavanadate was dissolved in 300 ml

     of boiling water solution A and B were mixed and made upto 1000ml.

22. Triple Acid mixture

    Concentrated nitric acid, perchloric acid and sulphuric acid were mixed in the ratio of 3:2:1

Procedure

5g of the finely powdered plant sample was taken in a 100ml kjeldahl flask. Added 25 ml of the triple acid mixture and treated for            4 hours, cooled and made up the solution to 100 ml with distilled water.

33. From the digested extract pipetted out 5ml of the aliquot into a 25ml volumetric flask.

34. Introduced a bit of red litmus paper.

35. Neutralised with ammonia solution until litmus paper turned blue.

36. Again neutralised it with concentrated nitric acid until limits paper turned red.

37. Added 5 ml of Barteu reagent.

38. Made up the volume to 25 ml with distilled H2O.

39. After 30 minutes, the intensity of yellow colour developed was read at 420 nm in a spectrophotometer.

40. Using the phosphorus standard curve, the phosphorus concentration in in the sample was read in ppm.

Preparation of standard curve

0.2195g of analytical grade of potassium dihydrogen phosphate was dissolved in 400 ml of distilled water. 25 ml of 7N sulphuric acid was added and the volume was made upto 1000 ml. This is 50 ppm of phosphorus. Then 100 ml of this 50 ppm stock solution was diluted to     1000 ml to get 5 ppm of phosphorus solution. From this a series of phosphorus standards  ranging from 0.01 to 1 ppm were prepared.  Finally 5 ml of this solution was pipetted out into a 25ml volumetric flask. 5 ml of barteu reagent was added and the volume was made upto 25 ml. Intensity of the colour of each standard was measured on the spectrophotometer at 420 nm and std curve was constructed.

 Calculation

                                           Phosphorus conc. in ppm     25   100

Phosphorus content (%)=                                            x       x       x 100        

                                                           106                                         5           5
APPENDIX VI

ESTIMATION OF POTASSIUM

FLAME PHOTOMETRY

(Jackson, 1973)

Principle

In flame photometry, the solution under test is passed under careful conditions as a very fine spray in the air supply to a burner. In the flame, the solution evaporates and the salt dissociates to give neutral atoms. A very small proportion of this move into a higher energy state. When these excited atoms fall back to the ground state the light emitted of characteristic wavelength is measured. Potassium is estimated at 710 nm.

Reagents

Triple acid mixture: Concentrated nitric acid, perchloric acid and sulphuric acids were mixed in the ratio of 3:2:1.

Procedure


Sample preparation was done as for phosphorus. Five ml of the acid extract was pipetted out into a vital and the transmission was read in the 

flame photometer. Using a potassium standard curve, the concentration of potassium was calculated.

Potassium standard curve:


1.907 g of analar grade potassium chloride was dissolved in 100 ml of distilled water to get 1000 ppm of potassium. 100 ml of 1000 ppm of potassium was diluted to 1 litre to get 100 ppm of potassium. From this a series of potassium standards ranging from 0-100 ppm were prepared and the percentage transmission was read on a flame photometer to construct a standard curve.

Calculation

                                             Potassium conc. in ppm          100        100

Potassium content (%) =                                                x            x  

                                                               106                                          5                   5
                                   APPENDIX VII

ESTIMATION OF GLUTAMATE SYNTHASE

                SPECTRO PHOTOMETRY

                                       (Van De Casteele et al., 1975)

Principle

Glutamate synthase was assayed spectrophotometrically by recording the rate of oxidation of NADPH or NADH as indicated by a change in absorbance at 340 nm following the addition of enzyme extract.

Reagents

13. Tris HCl buffer, 50mM, pH 7.6

14. Prepared the following reagents in Tris–HCl buffer 50 mM, pH 7.6

             - Glutamine, 5mM (36.5 mg/ 10ml)

             - 2- oxoglutarate, 5mM (36 mg/ 10ml)

             - NADPH or NADH, 0.25 mM (10 mg/ ml)

15. Enzyme exract

Extracted 1g of the plant material with 5 ml of 100 mM phosphate buffer pH 7.5 containing 1mM disodium EDTA, 1mM dithioeryhthritol & 1 % polyvinyl pyrrolidine (PVP) and centrifuged at 10,000 g for 30 min at 4o C. collected the supernatant and was used for the assay of glutamate syntase and glutamate dehydrogenase.

Procedure

1. Prepared the reaction mixture as per the table 

      Reagent

ml to be added

   Glutamine


1.0

   2- Oxoglutarate


1.0

   NADH/NADPH
          1.0

   Enzyme Extract

          0.2

   Buffer 



1.8

23. Blank was prepared by adding 1ml of buffer instead of 2-Oxoglutarate.

24. Incubated for 15-30 min at 37o C.

25. Recorded the change in absorbance at 340 nm.

Calculation

The amount of NADH oxidized was calculated from the molar extinction coefficient. Activity of glutamate synthase was expressed as nanomoles of NADH oxidized per min per mg protein.

Nanomole of NADH               A340 x Volume of assay solution x 1000

oxidized per min        =          

per mg protein       6.22 x Time of incubation x mg of protein in enzyme                                                
                                              (min)                   enzyme extract used

APPENDIX VIII

                 ESTIMATION OF GLUTAMATE DHASE

                                               SPECTRO PHOTOMETRY

              (Doherty, 1970)

Principle

Glutamate dehydrogenase was assayed by following the oxidation of the reduced coenzyme NADH or NADPH. The reduced co-enzyme absorb light at 340 nm, which in most biological systems is uniquely uncluttered with interfering absorption of NADH at 340 nm was easily detected.

Reagents

21. Potassium phosphate buffer 0.1M (pH 7.0)

22. 2-Oxoglutarate (0.1M): Dissolved 14.6 g in one litre distilled water.

23. Ammonium chloride (1M): 53.5 g in 1 litre of distilled water.

24. NADH: (10mg/ ml).

25. Enzyme extract: Prepared as for glutamate synthase.

Procedure

Proceed the assay of NADH – dependent glutamate dehydrogenase as per the composition of assay given in table.

 Reagent 




            ml to be added

Potassium phosphate buffer pH 7.0


1.0

2-Oxoglutarate     



          0.3

Ammonium chloride



          0.5

NADH





          0.12

Enzyme extract




          0.2

Water





          8.0

2. Blank was prepared by adding 0.3 ml water instead of 2-oxoglutarate.

  3. Incubated the reaction mixture at 37o C for 15-30 minutes.

  4. Recorded the change in absorbance at 340 nm.

Calculation

The amount of NADH oxidized was calculated from the molar extinction coefficient. Activity was expressed as nanomole of NADH oxidized per min per mg protein.


Nanomole of NADH                          A340 x Volume of assay solution x 1000

oxidized per min            =    

per mg protein                    6.22 x Time of incubation x mg of protein in enzyme extract         

                                                 (min)
                             used

APPENDIX IX

ESTIMATION OF CATALASE

TITRIMETRY

          (Thenmozhi and Sadasivam, 1989)

Principle

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

Reagents

0.3 N hydrogen peroxide,

2 N sulphuric acid,

0.05 N potassium permanganate,

M/15 phosphate buffer-pH 6.8, 

Enzyme extract

Homogenized the plant tissue in a blender with M/15 phosphate buffer at 1- 4o C and centrifuged. Stirred the sediment with cold phosphate buffer, allowed to stand in the cold with occasional shaking and repeated the extraction once or twice. Used the combined supernatant. The catalase activity could change considerably on storage of the tissue.

Procedure

29. Pipetted out 5 ml of the phosphate buffer (pH 6.8) into 2 conical flasks.

30. Added 4 ml of substrate (0.3 N H2O2 )  into each flask.

31. To one of the flask added 0.5ml of enzyme extract.

32. Incubated at room temperature for 15 min.

33. Added 10 ml of 2 N sulphuric acid to both the control and the test flasks. Immediately added 0.5 ml enzyme extract to the control.

34. Titrated the contents against to 0.01N potassium permanganate till a pink colour developed.

35. Difference between the titre values gave the volume of permanganate equivalent to enzyme activity.

Calculation

Volume of 0.01 N KMnO4 utilized by the test solution = T1​ ml

        Volume of 0.01 N KMnO4 utilized by the control         = T2ml

        Volume of 0.01 N KMnO4 utilized by peroxide which was acted up on                 by 0. 5ml of catalase in 15minutes                                         = (T2 – T1) ml

                                                                        (T2 – T1)
    1

Volume utilized by 1 ml enzyme in 1 min = ________ x   ___
= ‘Y’ ml.

                   



      0.5         15 min

         Activity of catalase = Y ml of 0.01 NMnO4 / min / ml enzyme.

   APPENDIX X

ESTIMATION OF PEROXIDASE

SPECTRO PHOTOMETRY
(Reddy et al., 1995)

Principle 


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

Pyrogallol + H2O2      peroxidase       oxidized pyrogallol (coloured) + H2O + O2
Reagents

13. 0.05 M pyrogallol in 0.1 M phosphate buffer pH 6.5

14. 1 % hydrogen peroxide

15. Enzyme extract

Macerated one part of plant tissue with fiver parts (W/V) of 0.1 M phosp0hate buffer (pH 6.5) in a homogenizer. Centrifuged the homogenate at 3000 g for 15 minutes. Used the supernatant as enzyme source. All procedures are carried out at 0-5(C.

Procedure

21. Pipetted out 3 ml of 0.05 M pyrogallol solution and 0.5-0.1 ml of enzyme is extracted in test tube.

22. Adjusted the spectrophotometer to read zero at 430 nm.

23. Added 0.5 ml of 1 % H2O2 in the test cuvette.

24. Recorded th change in absorbance for every 30 seconds upto 3 minutes (or upto 1 minute).

25. Found out the protein concentration in 0.1 ml of enzyme extract.

Calculation

Change in the absorbance per minute at 430 nm =  X

Weight of the plant material


     = 100 mg

Change in the absorbance for 0.02 ml

     = 
X









          X

Change in the absorbance for 1.5 ml 

     =                       x   1.5 = Y









        0.02

Peroxidase activity in 0.1 g of plant tissue          =  Y

Peroxidase activity in 0.1 g of plant tissue          =   Y x 1.0     

                                                                                      0.1

Peroxidase activity  = Z/ min/ g of the plant tissue.
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FIGURE 7 
ACTIVITY OF PEROXIDASE IN Cassia senna
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