
Contents

Foreword

Acknowledgements ] 3

List of plates 14
List of figures 16
List of tables 18

RECOMMENDATIONS FOR ACTION AND TARGETS FOR
RESEARCH 19

1 FUNDAMENTAL PROPERTIES OF ACID SULPHATE SOILS 22

1.1 Significance of the problem 22

1.2 Identification of acid sulphate soils in the field 24

1.3 The natural environment of acid sulphate soils 25
1.3.1 Accumulation of pyrite 25
1.3.2 Neutralising capacity 26
1.3.3 Potential acid sulphate environments 26
1.3.4 Development of acid sulphate soils following drainage 29
1.3.5 The fate of acidity 30

1.4 Agronomic problems 31
1.4.1 Conditions of plant growth 31
1.4.2 Toxicities 31

- Aluminium 31
- Iron 32
- Hydrogen sulphide 32
- Carbon dioxide and organic acids 34

1.4.3 Salinity 34
1.4.4 Nutrient deficiencies 35
1.4.5 Arrested soil ripening 35

1.5 Engineering problems 36
1.5.1 Corrosion 36
1.5.2 Unripe soils 36
1.5.3. Blockage of drains by ochre 37

1.6 Environmental problems 37
1.6.1 Environmental impact 37
1.6.2 Loss of habitat 38



1.6.3 Loss of amenity 38
1.6.4 Sedimentation and erosion 38
1.6.5 Pollution 38
1.6.6 Disease 39

1.7 Economic and social implications 39

2

2.1

2.2

2.3
2.3.1
2.3.2
2.3.3

2.4
2.4.1

2.5
2.5.1
2.5.2

2.6
2.6.1
2.6.2
2.6.3

2.6.4
2.6.5

2.7
2.7.1
2.7.2
2.7.3

2.8
2.8.1

2.8.2

MANAGEMENT

Alternative management strategies

Avoidance of development

Flooded rice cultivation
Tidal rice
Seasonally-flooded rice
Reclamation by intensive shallow drainage

Rain-fed rice cultivation
Rainwater polders, Guinea Bissau

Controlled high watertable management for perennial crops
Oil palm
Grassland

Total reclamation
Drainage and leaching
Saltwater leaching
Crop response to lime and fertilizer
- Rice
- Dryland crops
- Tree crops
- Tropical crops
- Temperate crops
Irrigation
Drainage problems

Non-agricultural uses
Urban and industrial development
Salt pans
Fish ponds

Engineering
Corrosion of structural materials
- Avoidance
- Tolerance
- Sacrifice
- Insulation
- Inhibition
Earthworks

43

43

44

44
44
45
46

47
48

49
49
50

52
53
54
55
55
57
58
59
59
59
60

61
61
61
61

64
64
64
64
65
65
65
65



- Siting of dikes 65
- Materials available for dike construction 66
- Design 68

2.8.3 Access roads 71
2.8.4 Drainage 72

3 CHEMICAL AND PHYSICAL PROCESSES IN ACID SULPHATE SOILS 74

3.1 Potential acidity 74
3.1.1 Formation of pyrite 74

- An anaerobic environment 74
- A source of dissolved sulphate 74
- Organic matter 75
- A source of iron 75
- Time 75

3.1.2 Acid-neutralising capacity 75
- Occurrence and distribution of carbonates 76

3.2 Oxidation 77
3.2.1 Oxidation of pyrite 77
3.2.2 Oxidation products of pyrite 79

- Iron oxides 79
- Jarosite 79
- Sulphates 79
- Acid hydrolysis of silica tes and Al3+ activity 79

3.3 Reduction processes in acid sulphate soils 79

3.4 Leaching 82

3.5 Soil ripening 83

3.6 Modelling the rate of acid production 83
3.6.1 A static model 87
3.6.2 A dynamic model 87
3.6.3 Calculation of the rate of oxidation 87
3.6.4 A case study: the Gambia Barrage Scheme 88

4 FIELD RELATIONSHIPS, SOIL HORIZONS, AND SOIL PROFILES 94

4.1 Field relationships and soil survey 94

4.2 Sequential development of horizons in the tidal zone 94
4.2.1 Gr horizon 95
4.2.2 Gro horizon 113
4.2.3 Go horizon 113
4.2.4 Transitional surface horizons, G 114



4.3 Soil profile development in the tidal zone 117

4.4 Development of horizons following drainage 120
4.4.1 Gj horizon 120
4.4.2 GBj horizon 121
4.4.3 Bj horizon 121
4.4.4 Bg horizon 125
4.4.5 Aluminium-saturated horizon, Bg 125
4.4.6 A horizons in ripe acid sulphate soils and acid aluminium soils 126
4.4.7 Acid peat 126

4.5 Sequential soil profile development following drainage 126

130

130

130
131
131
132
132

133

134
135
135
135
135
137
137
137
137
137
137
138
138
139
139

140
140
143
144

145

5

5.1

5.2
5.2.1
5.2.2
5.2.3
5.2.4

5.3

5.4
5.4.1

5.4.2

5.4.3

5.5
5.5.1
5.5.2
5.5.3

6

SOIL CLASSIFICATION

Purposes

Criteria of the ILRI classification
Acidity and potential acidity
Salinity
Soil composition and soil texture
Degree of ripening

Profile form

Higher category classification
Organic soils
- Unripe sulphidic peat and muck
- Raw acid sulphate peat and muck
- Ripe acid sulphate peat and muck
Sandy soils
- Sulphidic sand
- Raw acid sulphate sand
- Acid sulphate sand
Clayey soils
- Unripe saline sulphidic clay
- Raw saline acid sulphate clay
- Ripe acid sulphate clay with raw subsoil
- Ripe acid sulphate clay
- Ripe acid aluminium clay

International classification of acid sulphate soils
Soil Taxonomy
ORSTOM
FAO/Unesco

SOIL PATTERNS



6.2
6.2.1
6.2.2
6.2.3

6.3

6.4

6.5
6.5.1
6.5.2
6.5.3
6.5.4
6.5.5

Soil patterns in the tidal zone
Landforms
Vegetation
Changing sedimentary environments

Regional soil patterns

Detailed soil patterns in the inter-tidal zone

Detailed soil patterns in reclaimed landscapes
Exaggerated relief
Localised development of severe acidity
Efficiency of drainage
Differences in the degree and depth of ripening
Salinity

6.1 Potential acid sulphate environments 145

145
145
147
149

149

153

155
155
155
161
163
163

6.6 Interpretation of soil patterns from surface features 165

SOIL SURVEY AND LAND EVALUATION 172

172
172
173

174
174
178
178
178
179

179
181
181
182
182
182
182
183
184
184
185
185
186
186
187
187

7.1
7.1.1
7.1.2

7.2
7.2.1
7.2.2

7.2.3

7.3
7.3.1

7.3.2

7.3.3
7.3.4
7.3.5
7.3.6
7.3.7
7.3.8
7.3.9
7.3.10

Objectives and survey requirements
Land-use planning
Project design and implementation

Soil survey
Survey design
Remote sensing
- Satellite imagery
- Air photographs
Equipment

Characterisation of soil and site
Morphology
- Acid sulphate soils
- Potential acid sulphate soils
pH
- Field tests
- Incubation
- Hydrogen peroxide
Red lead
Sodium azide
Calcium carbonate
Shear strength
Saturated hydraulic conductivity
Handling of samples
Organic matter
Total sulphur



7.3.11 Pyrite 188
7.3.12 Lime requirement 188

- Incubation 189
- Rapid titration 189

7.3.13 n-value 189
7.3.14 Apparent density 190
7.3.15 Unit weight (y) 191

7.4. Land evaluation 191

References 196


