
TABLE OF CONTENTS

Table of Contents

1. General Introduction 1

1.1 Mycoirfiiza 1

1.1.1 Definition 1

1.1.2 Types of mycorrhizas 2

1.2 Arbuscular mycorrhiza Symbiosis 2

1.2.1 The biology of AM symbiosis 4

1.2.1.1 The AM infective propagules - Sources of inoculum 4

1.2.1.2 The AM asymbiotic and presymbiotic phases 5

1.2.1.3 The AM intraradical phase 6

1.2.1.4 The AM extraradical phase 7

1.2.2 Carbon cost to the plant of sustaining the AM symbiosis 8

1.2.3 Benefits of the AM symbiosis to the plant 9

1.2.3.1 The AM symbiosis and plant P nutrition 10

1.2.3.2 The AM symbiosis and plant N nutrition 12

1.2.4 The effects of plant nutrition on the development of the AM symbiosis 14

1.3 Management of the mycorrhizosphere: Innovative symbiosis technology for

sustainable vegetable production 15

1.4 Choice of experimental plant 17

2. General materials and methods 18

2.1 Description and preparation of experimental plant growth substrate 18

2.2 Preparation of fungal compartments 19

2.3 Preparation of fungal compartment substrate 19

2.4 Extraction of ERM from fungal compartments 20

2.5 Mycorrhiza inoculum 20

2.6 Establishment of non-mycorrhizal control plants 21

2.7 Estimation of the AM fungal colonized root length 21

2.8 Estimation ofhyphae length and number of spores 21

2.9 Nutrient analysis 21

Bibliografische Informationen
http://d-nb.info/1010261207

digitalisiert durch

http://d-nb.info/1010261207


TABLE OF CONTENTS n

3. Interactive effect of the NCV/NH/ supply ratio and arbuscular

mycorrhiza fungal inoculation on phosphorus uptake by cowpea plants

from sparingly available or soluble sources 23

3.1 Abstract 23

3.2 Introduction 24

3.3 Materials and methods 26

3.3.1 Planting, AM fungal inoculation and rock P amendment 26

3.3.2 Irrigation and nutrient supply 27

3.3.3 Experimental set-up, growth conditions and leachate pH measurements 28

3.3.4 Harvest 28

3.3.5 Nutrient analysis and statistics 28

3.4 Results 29

3.4.1 The pH of leachate draining from LP+RP pots after nutrient solution addition 29

3.4.2 Extent of AM fungal colonized root length 30

3.4.3 Plant growth 31

3.4.4 LeafP concentration and P content 31

3.5 Discussion 33

3.5.1 Effects of N (NOaTNRt^ fertilization ratio on rhizosphere pH and rock P

solubilization 33

3.5.2 Effects of AM füngal colonization on rock P solubilization 33

3.5.3 Plant P uptake 34

3.5.4 Phosphorus uptake and plant growth 34

3.5.5 The AM fungal colonized root length as affected by P and N treatments 35

3.5.6 Conclusion 36

4. Influence of applied Nitrogen-form (NO3~-N vs. NH/-N) on

mycorrhiza development and N transfer by the arbuscular mycorrhiza

fungus Glomus intraradices in symbiosis with cowpea 37

4.1 Abstract 37

4.2 Introduction 38

4.3 Materials and methods 40

4.3.1 Pre-cultivation and AM fungal inoculation 40

4.3.2 Preparation of fungal compartments and fungal compartment substrate 41



TABLE OF CONTENTS

4.3.3 Experimental set-up and growth conditions 41

4.3.4 Irrigation and harvest 43

4.3.5 Nutrient analysis and statistics 43

4.4 Results 44

4.4.1 Extent of AM fungal colonized length of roots in the pot substrate 44

4.4.2 Plant growth 45

4.4.3 Tissue P concentration and plant P content 45

4.4.4 Tissue N concentration and plant N content 48

4.4.5 Development of ERM and AM fungal colonized length of roots in the

compartments 50

4.4.6 Nitrogen (15N) uptake and transfer to the host plant by ERM 51

4.5 Discussion 54

4.5.1 Uptake and transfer of N by the ERM to the plant 54

4.5.2 Influence of sole supply of either NC>3~-N or NH/-N on AM fungal

colonization and development 56

4.5.2.1 Extent of AM fungal colonized length of roots in the pot substrate 56

4.5.2.2 The AM fungal colonized root length and ERM development in the

compartments 56

4.5.3 Influence of the symbiosis on plant P nutrition and growth promotion 57

4.5.4 Conclusion 58

5. Alkaline phosphatase activity of AM fungal extraradical hyphae in

relation to host plant P uptake, and in response to the presence of the

phytoestrogene formononetin 59

5.1 Abstract 59

5.2 Introduction 60

5.3 Materials and methods 62

5.3.1 Planting and AM fungal inoculation 62

5.3.2 Preparation of fungal compartments and fungal compartment substrate 62

5.3.3 Experimental set-up and growth conditions 62

5.3.4 Irrigation and plant harvest 63

5.3.5 Harvest and analysis of ERM in the fungal compartments 63

5.3.6 Nutrient analysis and statistics 64



TABLE OF CONTENTS iv

5.4 Results 65

5.4.1 Extent of AM fungal colonized root length 65

5.4.2 Plant growth 66

5.4.3 Shoot P concentration and plant P content 68

5.4.4 Extraradical mycelium development and hyphae ALP activity 69

5.4.4.1 The DW of ERM harvested from fungal compartments 69

5.4.4.2 Hyphae length of ERM harvested from fungal compartments 71

5.4.4.3 Spore density of ERM harvested from fungal compartments 72

5.4.4.4 The ALP active hyphae length of the ERM harvested from fungal

compartments 72

5.5 Discussion 74

5.5.1 The ALP activity of extraradical hyphae and P transport 74

5.5.2 Formononetin effect on the AM development and hyphae ALP activity 75

5.5.3 Extent of AM fungal colonized root length, hyphae development and plant

response 76

5.5.4 Conclusion 79

6. Compatible host/fungus combination: Contribution of life cycle

synchronisation to the success of the AM symbiosis 80

6.1 Abstract 80

6.2 Introduction 80

6.3 Materials and methods 82

6.3.1 Planting and AM fungal inoculation 82

6.3.2 Preparation of fungal compartments and fungal compartment substrate 83

6.3.3 Treatments, experimental set-up, and growth conditions 83

6.3.4 Irrigation and harvest 83

6.3.5 Nutrient analysis and statistics 84

6.4 Results 85

6.4.1 Extent of AM fungal colonized root length 85

6.4.2 Plant growth 86

6.4.3 Shoot P concentration and plant P content 88

6.4.4 Phosphorus use efficiency 90

6.4.5 Dry weight of ERM harvested from fungal compartments 91



TABLE OF CONTENTS v

6.5 Discussion 91

6.5.1 The AM development, P nutrition and plant growth response 91

6.5.2 The development of ERM in fungal compartments as influenced by the plant

cultivar 94

6.5.3 Conclusion 95

7. A comparison of different inoculation techniques to improve the

practical application of AM fungi with a slow developing life cycle 96
7.1 Abstract 96

7.2 Introduction 96

7.3 Materials and methods 98

7.3.1 Inoculum propagation and preparation 98

7.3.2 Preparation of "soilboxes", substrate filling and AM fungal inoculation 99

7.3.3 Planting, experimental set-up and growth conditions 101

7.3.4 Preparation and insertion of "fungal tubes" 102

7.3.5 Harvest 103

7.3.6 Nutrient analysis and statistics 103

7.4 Results 104

7.4.1 Length of roots growing along the plexi-glass plate 104

7.4.2 Extent of AM fungal colonized root length 104

7.4.3 Plant growth 105

7.4.4 Shoot P concentration and plant P content 107

7.4.5 Root growth distribution in the soilbox 107

7.4.6 The development of ERM in the fungal tubes 108

7.4.7 Nitrogen (15N) transfer to the host plant by ERM 109

7.5 Discussion 110

7.5.1 Influence of inoculation with intact mycelial network on P uptake and plant

growth promotion 110

7.5.2 Influence of inoculum distribution on root colonization and relation to plant

growth 111

7.5.3 The development of ERM and 15N transfer to the plant 111

7.5.4 Influence of mycorrhization on vertical root distribution 112

7.5.5 Conclusion 113



TABLE OF CONTENTS vi_

8. General Discussion 114

8.1 Effects of N (NC>3~ vs. NtLi*) fertilization ratio on mycorrhiza development and

nutrient uptake 114

8.2 The ERM growth and hyphae ALP activity as markers for AM efficiency in terms

of plant nutrient acquisition 116

8.3 Use of AM technology for improving cowpea production in P-poor soils 117

9. Summary/Zusammenfassung 120

9.1 Summary 120

9.2 Zusammenfassung 124

lO.References 129

11. Acknowledgments 145


