
Methods of Analysis
of Soils, Plants, Waters,

Fertilisers & Organic Manures

Edited by
HLS Tandon

Fertiliser Development and Consultation Organisation
204-204A Bhanot Corner, 1-2 Pamposh Enclave

New Delhi - 110048 (India)



CONTENTS

1 Nutrients in Soils, Plants, Waters,
Fertilisers and Organic Manures - HLS Tandon 01-20

Introduction 01

Soils 01

Nitrogen, phosphorus and potassium 02

Sulphur, calcium and magnesium 05

Micronutrients 06

Plants 08

Waters 08

Fertilisers 14

Organic manures 17

References 18

2 Analysis of Soils for pH, EC and

Available Major Nutrients

- A Subba Rao and K Sammi Reddy 21-59

Introduction 21

Sample collection and preparation 21

Sample collection 21

Sample preparation for analysis 23

Determination of soil reaction (pH) 23

Principle 24

Equipment and reagents 24

Procedure 24

Comments and suggestions 25

Determination of electrical conductivity (EC) 26

Principle 26

Selection of method 27

Equipment and reagents 27

Procedure 27

Comments and suggestions 28

Estimation of available nitrogen 28

Organic carbon by wet digestion 28

Estimation of available (mineralizable) nitrogen 30

Estimation of exchangeable NH4 N and N03 N 32

Estimation of available phosphorus 36

Olsen's method 36

Bray and Kurtz P1 method 39

Estimation of exchangeable potassium 40

Reagents and standard curve 41



Procedure 41

Calculation 42

Estimation of exchangeable calcium and magnesium 42

EDTA titration method 42

Estimation of exchangeable Ca and Mg by AAS 44

Comments and suggestions on the determination of K, Ca and Mg 45

Estimation of available sulphur 46

Determination of heat-soluble sulphur 46

Determination of CaCI2- extractable sulphur 48

Interpretation of available nutrient status data for practical use 49

Soil fertility categories 50

Approaches for making soil test based fertiliser recommendations 50

References 55

3 Soil Analysis for Available Micronutrients

- VK Gupta 60-75

Introduction 60

Soil sampling and sample processing 61

Sampling 61

Sample processing 62

Weighing sample for analysis 62

Determination of available zinc, copper, manganese and iron 63

Principle 63

Reagents and extracting solution 64

Standards and standard curve 64

Extraction and determination 65

Analysis for available molybdenum 66

Reagents, standards and standard curve 67

Extraction and determination 68

Calculation 68

Precautions 69

Merits and limitations of major alternate methods 69

Analysis for available boron 69

Reagents and standard solutions 69

Extraction and determination 70

Calculation 70

Merits and limitations of alternate methods 70

Analysis for pollutant heavy metals 71

Critical levels of available micronutrients in soils 71

Zinc 71

Iron 71

Copper 74

Manganese 74

Molybdenum 74



Boron 74

References 74

4 Analysis of Plant Materials For Macro & Micro-

nutrients - BS Bhargava and HB Raghupathi 76-111

Introduction 76

Sampling and sample preparation 77

Sampling 77

Sample preparation 81

Determination of total nitrogen 82

Sample preparation and digestion 82

Distillation (Kjeldahl method) 83

Colorimetric method 84

Determination of water soluble nitrates, phosphates and potassium 85

Determination of phosphorus 86

Digestion and ashing of the sample 86

Phosphorus estimation in acid digest 87

Determination of water-soluble phosphates 89

Determination of potassium and sodium 89

Determination of potassium 89

Determination of sodium 90

Determination of sulphur 90

Principle 90

Reagents 91

Preparation of standard curve 91

Estimation of sulphur 91

Determination of calcium and magnesium 92

Calcium 92

Magnesium 92

Determination of iron, manganese, zinc and copper )2

Principle 92

Instrumentation 93

Total Iron 93

Analysis of ferrous iron (Fe2+) in fresh plant tissues 94

Manganese 95

Zinc 95-

Copper 95

Determination of boron 96

Determination by colorimetric method 96

Determination of molybdenum 97

Determination by colorimetric method 97

Determination of B and Mo by the inductively coupled plasma

(ICP) spectrometer 98



diagnosis and interpretation of nutrient status in plants 99

Critical concentration approach 99

Diagnosis and recommendation integrated system (DRIS) 99

Compositional nutrient diagnosis norms 107

References 109

Analysis of Irrigation Waters For Quality
Assessment - BR Yadav and Dhyan Singh 112-152

Introduction 112

Collection of water samples 112

Sampling tools and accessories 112

Procedure for sample collection 113

Practical suggestions 113

Quality parameters of Irrigation water 114

Determination of total salts (EC) 114

Principle 114

Procedure 115

Interrelationships 115

Determination of pH 115

Principle 116

Procedure 116

Practical suggestions 116

Determination of anions 116

Determination of chlorides 117

Determination of carbonates and bicarbonates 118

Determination of sulphate 120

Determination of boron 122

Determination of fluoride 124

Determination of cations 126

Determinations of Calcium and Magnesium 126

Determination of Sodium 130

Determination of nitrogen, phosphorus and potassium 131

Determination of ammoniacal nitrogen 131

Determination of nitrate nitrogen 133

Determination of phosphorus 134

Determination of potassium 136

Determination of trace elements/heavy metals 137

Water quality indices and suitability for irrigation 137

Quality indices 137

Suitability of water for irrigation 141

Trace element toxicities 141

Determination of organic and microbial constituents 143

Biochemical oxygen demand 143

Interferences and inadequacies 147



Chemical oxygen demand

Water microorganisms
References

148

150

152

6 Analysis of Fertilisers for Major and

Micronutrients - N Tripathi 153-182

Introduction 153

Sample collection and preparation 153

General requirement of fertiliser sampling 154

Sampling equipment, procedure and preparation 154

Methods of moisture determination 155

Oven dry method 156

Vacuum desiccator method 156

Karl Fischer titration method 157

Methods of nitrogen estimation 158

Determination of total nitrogen 158

Determination of ammoniacal N 161

Determination of ammoniacal and nitrate N 162

Methods of phosphate (P205) estimation 163

Estimation of total phosphates as P205
Estimation of water soluble phosphates

164

166

Estimation of available P205 (neutral ammonium
citrate-soluble P205) 167

Estimation of neutral ammonium citrate-insoluble P205 167

Methods of potassium estimation 168

Principle 169

Reagents 169

Standardisation of solutions 170

Procedure 170

Method of sulphur estimation 171

Principle 171

Reagents 172

Procedure 172

Calculations 172

Procedure for sulphur in SSP 172

Method of calcium and magnesium estimation 173

EDTA titrimetric method 173

Calculation 175

Method of micronutrient estimation 175

Reagents 175

Preparation of standard solutions 175

Preparation of fertiliser sample solution 176

Flaming of solution 176

Calculation 176



Method of zinc estimation 177

Estimation of chelated zinc and chelated iron 178

Sampling and analysis of liquid fertilisers 178

Method of sampling of liquid fertilisers (other than

anhydrous ammonia) 179

Analysis 180

Dos and donts in chemical analysis 180

Dos 180

Donts 181

Some reference books 181

7 Methods of Analysis of Organic Manures

-ACGaur 183-201

Introduction 183

Evaluation of maturity of compost/organic manure 184

Physical methods 184

Chemical methods 184

Biological methods 185

Sample collection and preparation 185

Special techniques for sampling of vermicompost 185

Sample preparation for analysis 185

Determination of moisture 186

Procedure 186

Calculation 186

Determination of pH 186

Equipment 186

Method 187

Determination of electrical conductivity (EC) 187

Equipment and standard solution 187

Procedure 187

Determination of organic matter (loss on ignition) 187

Method 187

Calculation 188

Determination of ash or mineral matter 188

Extractions and fractionation of humic substances (humus) 188

Reagents 188

Procedure 189

Determination of organic carbon in humic fractions/compost 189

Reagents 190

Procedure 190

Calculation 190

Determination of total nitrogen in manure 190

Principle 191

Determination of N without nitrite and nitrate 191



Determination of N including nitrite and nitrate 192

Calculation 193

Determination of total phosphorus 193

Digestion 193

Phosphorus estimation 194

Determination of water soluble or citric acid soluble P 194

Determination of potassium 194

Determination of secondary and micronutrients 194

Equipment and reagents for wet oxidation method 195

Procedure 195

Determination of calcium and magnesium 195

Determination of sulphur 196

Determination of micronutrient cations 196

Microbial status (total viable counts) of organic manures 196

Apparatus 196

Media 197

Procedure 199

Taking viable counts 200

Calculation and data reporting 200

References 201

Abbreviations and Acronyms
Units and conversion factors

202-203

204


