
CO NTENTS

1. Introduction I -5

2. Literature review 6-55

3. M aterial and methods 66-90
3.1. Collection o f  soil samples 56

3.2. Isolation o f  rhizosphere bacteria 56
3.3. In vitro antagonistic tests o f  rhizosphere bacteria

3.3.1. Solid medium 56
3.3.2. Liquid medium 57

3.4. Identification o f  selected antagonistic bacteria

3.4.1. Microscopic observation 57

3.4.2. Biochemical tests 58

3.5. Plant materials

3.5.1. Tea 59
3.5.2. Chickpea 60

3.5.3. Orchid 61

3.6. Fungal culture
3.6.1. Source o f  culture 61

3.6.2. Assessment o f  mycelial growth

3.6.2.1 .Solid media 61

3.6 .2.2.Liquid media 63

3.7. In vitro characterization o f  PGPR activity of selected bacteria

3.7.1. lAA production 63

3.7.2. Phosphate solubilisation 63

3.7.3. Siderophore production 63
3.7.4. HCN production 64

3.7.5. Chitinase production 64
3.7.6. Volatile production 65

3.8. Extraction o f  antifungal compounds from bacteria

3.8.1. Cell free culture filtrate 65

3.8.2. Whole cells 66

3.9. Bioassay of active principle
3.9.1. Spore germination 66

3.9.2. Sclerotial germination 67
3.9.3. Radial growth 67

3.9.4. Agar cup bioassay 67

3.9.5. Liquid medium 67



3.10. Partial characterization o f  active principle
3.10.1. UV-spectrophotometry 68

3.10.2. HPLC 68

3.11. Application of bacteria

3.11.1. Soil drench 68

3.11.2. Foliar spray 68

3 .1 1.3. Seed bacterization 69

3.12. Determination o f  plant growth promoting activity

3.12.1. Tea 69
3.12.2. Chickpea 69

3.13. Extraction o f  enzymes from leaves

3.13.1. P~ 1,3-glucanase 70

3.13.2. Chitinase 70

3.13.3. Phenylalanine ammonia lyase 70

3.13.4. Peroxidase 70

3.13.5. Polyphenol oxidase 7 1

3.14. Assay o f  enzyme activities

3.14.1. p - 1,3-glucanase 71

3.14.2. Chitinase 71

3.14.3. Phenylalanine ammonia lyase 72
3.14.4. Peroxidase 72

3.14.5. Polyphenol oxidase 72

3.15. Isozyme analysis by PAGE

3.15.1. Peroxidase 73

3.15.2. Polyphenol oxidase 75

3.16. Extraction and quantification o f  chlorophyll 76
3.17. Extraction o f  soluble proteins 77

3.17.1. Estimation of protein content 77
3.17.2. SDS-PAGE analysis o f  soluble proteins 77

3.18. Extraction o f  phenols from leaves 80
3.18.1. Estimation of phenol contents

3.18.1.1. Total phenol 81
3.18.1.2. 0-dihydroxy phenol 81

3.19. Extraction o f  antifungal phenolics 81

3.20. Bioassay of antifungal phenolics

3.20.1. Spore germination 82

3.20.2. Agar cup bioassay 82

3.20.3. TLC- plate bioassay 82



I l l

3.21. Extraction of catechins 83

3.22. HPLC analysis o f  catechins 83

3.23. Inoculation technique 83

3.24. Disease assessment 84

3.25. Preparation o f  talc-based PGPR formulation and its

application in the soil 84

3.26. Preparation o f  antigens

3.26.1. Bacterial antigens 85
3.26.2. Fungal antigens 85

3.26.3. Soil antigens 85
3.27. Raising o f  polyclonal against bacterial antigens 85

3.28. Purification of IgG 86

3.29. IgG against F. lamaoensis 87

3.30. Immunodiffusion 87

3.31. Determination o f  bacterial sustainability in soil
3.31.1. ELISA 88

3.31.2. Dot-blot 89
3.31.3. Bacterial colony transfer 90

3.32. Determination of pathogen in soil by 

immunological methods

3.32./. ELISA 90

3.32.2. Dot blot 90

4. Experimental 91-188
4 .1. Screening o f  microorganisms from tea rhizosphere and

selection o f  antagonistic bacteria 91
4.2. In vitro studies o f  5. megaterium  and O. anthropi

against test fungi 98

4.2.1. Solid media 98

4.2.2. Liquid media 98

4.3. Studies on cultural characteristics o f  isolated bacteria 103

4.3.1. pH 103
4.3.2. Temperature 103
4.3.3. Media 104

4.4. Mechanism o f  action o f  selected antagonists in vitro
4 .4 .1. lAA production 104

4.4.2. Phosphate solubilisation 104

4.4.3. Siderophore production 106



IV

4.4.4. HCN production 106

4.4.5. Chitinase production 108

4.4.6. Volatile production 108

4.5. Bioassay of active principle from B. megalerium  and

O. anthropi against test fungi

4 .5 . 1. Cell free culture filtrate I I I
4.5.2. Solvent extracts o f  culture filtrate 1 11

4.5.3. Whole cells 113
4.6. Partial characterization of active principles from 

B. megalerium  and O. anthropi
4.6.1. UV-spectrophotometry 117

4.6.2. HPLC 117

4.7. Effect o f  application o f  bacteria on growth of plants

4.7.1. Tea
4.7.1.1.Seedlings 117

4.7.1.2.TW0 year old plants 123
4.7.1.3.Ten year old bushes 123

4.7.2. Chickpea 128
4.8. Biochemical changes in tea leaves induced by PGPRs ! 3 I

4.8.1. Enzymes

4.8.1.1 .p-1,3-glucanase 131

4.8.1.2.Chitinase 131
4.8.1.3.Phenylalanine ammonia lyase 132

4 .8 .1.4.Peroxidase 132
4.8.1.4.1. Isozyme analysis o f  peroxidase 133

4.8.1.5.Polyphenol oxidase 133
4.8 .1.5.1. Isozyme analysis o f  polyphenol oxidase 133

4.8.2. Chlorophyll 133
4.8.3. Proteins

4.8.3.1 .Protein content 136

4.8 .3.2.Protein profile 138

4.8.4. Phenols

4.8.4.1 .Phenol content 138

4.8 .4.2.Bioassay of antifungal phenolics 138

4.8.4.2.1. Radial growth 138

4.8.4.2.2. Thin Layer Chromatography 141

4.9. Catechins 141

4 .10. Biochemical changes in tea leaves following foliar



spray o f  bacteria 141
4.11. Biochemical changes in Ciccr induced by B. megalerium  146

4.12. Effect o f  B. megaterium  and O. anlhropi on

root rot development 158

4 .12 .1 .Tea 158
4.12.2. Chickpea 158
4.12.3. Orchids 158

4 . 13. Biochemical changes during induced resistance 162
4.13.1. Tea 166

4.13.2. Chickpea 170
4.13.3. Orchid 170

4.14. Studies on talc-based formulation of PGPRs 180

4.15. Immunodetection o f  PGPRs and pathogens
4.15.1. Detection o f  PGPRs in soil

4.15.1.1. Optimization

4.15.1.1.1. Immunodiffusion 182

4.15.1.1.2. ELISA 183

4.15.1.1.2.1. Antigen concentration 183

4.15.1.1.2.2. IgG concentration 183

4.15.1.1.3. Test with soil antigens 183

4.15.1.2. Dot-blot 183

4.15.i.3 Bacterial colony transfer 186

4.15.2. Detection o f  PGPRs in formulation 186

4.1 5.3. Detection o f  pathogen in soil 186
4.15.3.tELISA 186
4.15.3iDot-blot 186

5. Discussion 189-199

6 . Summary 200-202
7. References 203-224


