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Preface 
 

This standard operating procedure (SOP) for soil and water laboratory analysis is prepared to 

support the ATVETs, Small Scale Irrigation Development (SSID) Department practical training. It 

involves determination of soil and water physical and chemical properties required for irrigation 

development.  The SOP shows methods and procedures for sample collection, sample 

preparation, equipment calibration, laboratory testing, analyzing result and reporting soil and water 

laboratory results.  

It can be used by instructors for practical teaching and training and for the student to carry out the 

actual practice starting from sample taking up to producing laboratory analysis result. 

Consequently, after graduation, they can apply the practical knowledge in irrigation development to 

support the sector.  

The SOP assures the operational sustainability of laboratory and field equipment provided by 

Small Scale and Micro Irrigation Support (SMIS) project.  Prior to this documents preparation, 

practical training was given for ATVETs instructors. Based on the training provided, this SOP is 

prepared by using training materials as a source document.  
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I. Soil and Water Sampling, Preparation and Laboratory 

Analysis Techniques  

1. Soil and Water Sample Preparation and Testing 

1.1. Soil  
Soil is a 3-dimensional body with properties that reflect the impact of  

1) Climate,  

2) Vegetation, fauna and Man  

3) Topography  

4) Parent material  

5) Time span.  

The nature and relative importance of each of these five 'soil forming factors' vary in time and in 

space. With few exceptions, soils are still in a process of change; they show in their 'soil profile' 

signs of differentiation or alteration of the soil material incurred in a process of soil formation.  

1.2. Sampling  
Sampling is making selection from the total population upon which measurements will be made; 

the measurements made on this subset (sample) will then be used to estimate the properties (or 

parameters) of the total population.  
 
Sampling design involves the selection of the most efficient method for choosing the samples that 

will be used to estimate the properties of the population.  

 A representative sample should be composed of several sub-samples representing a 

seemingly uniform area or field with similar cropping and management history.  

 There is no universally accepted numbers of sub-samples for different field situations. This 

depends on the variability of the field.  

 Generally, a larger field or a less uniform field should be more intensively sampled than 

one that is small and uniform  

1.3. Sampling and Testing  
The whole process involves five distinct phases/ operations:  

 Taking representative sample 

 Preparation of samples for the analysis 

 Analyzing the sample (laboratory) 

 Interpreting the result of sample analyzed 

 Making recommendation (fertilizer, reclamation, management…) 
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  Field size (ha) Number of sub 
samples 

<2 15 

2 to 4 18 

4  to  10 20 

10  to 20 25 

>20 30 

 

1.4. Why Soil and Water Testing  
The need for soil and water sampling and testing is depicted as follow: 

 With the beginning of Chemical fertilizers, there is a need to know nutrient status of 

a soil in order to use this expensive and limited inputs more efficiently.  

 Environmental concerns: Nutrient management in agriculture need increased 

scrutiny (inspection). i.e to maximize the proportion of applied nutrients that is used 

by the crop (nutrient use efficiency). 

 To check water quality for irrigation  

1.5. Error control in Sampling and Testing  
As a common practice, more care/attention is given to laboratory procedures than the process 

of obtaining samples for analysis, i.e. care on sampling is often ignored or poorly considered.  

 A good sampling plan provides a measure of average status of a population and a 

measure of how variable it is.  

 If sample is not representative of the population or incorrectly taken, the resulting 

analytical data would be meaningless or at best, difficult to interpret  

 The error in sampling is generally much greater than that of chemical analysis  

Therefore, obtaining representative sample from a field is most important step for making a 

meaningful analysis  

1.6. Number of Samples 
Generally, the more subsamples are taken, the better the representation of the area sampled.  

At ICARDA, eight sub-samples are taken per hectare (ha) in a diagonal pattern for obtaining one 

composite sample.    

 It may be unrealistic in terms of 

resource, if you plan to take a large 

number of samples. It is advised to take 

minimum of 10 subsamples from each 

sampling unit to obtain an acceptable 

composite sample however there is no 

universally accepted numbers of sub-

samples for different field situations as it 

depends on size and uniformity of the 

sampling unit 
 
Fewer sub-samples can be used where little / no fertilizer has been used while, more sub-

samples are needed where fertility is variable due to external interference (hand broadcasting 
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of fertilizers and/or with cropping-livestock systems). 

1.7. Compositing Samples 
The objective of compositing samples is: 

 To minimize the influence of any local non-uniformity in the soil  

 Provide average values for the sampled area  

No less than 5 sub-samples should be taken from a sampled area, and 15 to 25 are preferable.  

1.8. Cautions in Soil Sampling 
Use proper sampling tools  
 

 Be sure that all equipment is clean, and especially be sure it is free of any small 

amount of fertilizer dust.  

 Do not use a galvanized auger or bucket when analyzing for zinc (Zn) or  

 Do not use a rusty shovel or bucket when analyzing for iron (Fe)   
 Avoid unusual areas (eroded sections, dead furrows, fence lines, too small areas that 

cannot be treated separately  

 
For large areas with varied 
topography, subdivide in to 
relatively uniform sampling 
units. Make composite sample 
with in sampling unit 

 
 
 

 

 

 
 

 

 

 

1.9.  Types of Sampling  
The common types of sampling are:  
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1. Simple random sampling: -used for homogenous field 
 

2. Stratified sampling: -in heterogeneous field 
3. Systematic sampling: -draws at 5m or taken only stand foot slope and top of soil 
4. Grid sampling: - collecting samples from grid points using GPS 

 
Compositing: -is the mixing of sampling units to form a simple sample which is used for 

analysis. It has an advantage of increasing accuracy through the use of large number of 

sampling units per sample  

1.10. Soil sampling tools  
Based on the availability and requirements of the laboratory test the sampling tools can be 

blades: trowel, spade, shovel, spoon, knife, tubes: open-sided and plain cylinders and 

augers:  

1.11.  Soil Sampling Methods  
1. Cross strip in uniform field 

 
 

 

2. Test plot in a uniform field                                                    3.   Zig-zag method 

 

 

 

 

 

 

 

   4. Diagonal in uniform field      5. Two-way diagonal in uniform field  
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6. Two-way cross strip in uniform field     7. Random method (ideal) 

 

 

Grid sampling layout composed of four parallel transects on a near level surface form. Soil samples 

would be taken at each point labelled with a diamond shape 

 
 

1.12. Sampling time and Frequency  
Sampling time and frequency considers the following 

 Nutrient concentration in soil vary with season.  

 Nutrient mobility and its requirement by the crop: sample each year 

especially for mobile and highly required nutrients (N, P, K, S)  

1.13. Sampling Depth 
Depth of sampling is critical because tillage and nutrient mobility in the soil can greatly influence 
nutrient levels in different soil zones.  
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 Sampling depth depends on the crop type, cultural practices, tillage depth, and the 

nutrients to be analyzed.  

 Mostly, the upper 15-30 cm of soil are commonly used for most analyses due to 

plough depth, greatest abundance of plant roots and biological activity.  

 Soil pH, P, K, OC, Zn, and other micronutrients analysis are made on surface 
samples  

 Sampling depth is especially critical for non-mobile nutrients such as P & K. Upper 15 to 30 

cm is recommended  

 For mobile nutrient. (N, B, S), sample at 30 cm or constant interval increments to effective 

rooting depth is adequate. 

 

1.14. Sample Handling 
Soil samples need special handling to ensure accurate results & minimize changes in nutrient 

levels .  
 

 Keep air dry soil samples cool at all times during and after sampling.  

 Samples can be frozen or refrigerated for extended periods of time without adverse 

effects. otherwise, air dry or take them directly to the soil testing laboratory.  

 Break up all clods or lumps, and spread the soil in a layer about 0.5 cm 

 Caution: Do not dry where agricultural chemical or fertilizer fumes or dust will come in 

contact with the samples.  
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 After drying, crush any coarse lumps and mix  

 Label the bag carefully with the experiment name, treatment/field number, sample 

number, sample depth, field history if possible, your name and GPS reading point 

 

1.15. Sample Labeling  
 Name of Trial/experiment…………………..  

 
 Location name………………..  

 
 GPS reading/points………………..  

 
 Sampling date…………  

 
 Depth (cm) ………………….  

 
 Replication……………..  

 
 Plot No………………...  

 
 Growth stage………….  

1.16. Special Sampling  
It is better  to take undisturbed soil samples  

 
 Special sampling problems occur in fields that:  

 
o have been levelled for irrigation, 
o have lost all or most topsoil as a result of erosion, 
o are surface (furrow) irrigated, 
o have had a fertilizer band applied, and are not thoroughly tilled 

 
 Land-leveled & eroded areas  

 
o only little or no original top soil can be found.  
o Should be separately sampled if it is large enough to be treated separately.  

 

 Furrow irrigated fields  
o movement of water & dissolved plant nutrients can create unique nutrient 

distribution patterns  

1.17. Extraction & Nutrient Determination 
 The reagent used and the procedures adopted should quantify all or a portion of the 

element in the soil which is available to plant  
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 A soil test measures part of the total nutrient supply in the soil & represents only an 
index of nutrient availability  

 Soil tests do not measure the exact quantity of nutrient potentially taken up by the 
crop  

 To predict the nutrient needs of the crops, the soil test must be calibrated against 
nutrient rate experiments in the field  

1.18. Water Sampling  
The main water quality problems associated with agriculture worldwide are 
salinization, nutrient and pesticide pollution.  

 
Salinization is commonly cited as the most widespread groundwater quality problem and as 

having the greatest environmental and economic impacts (Morris et.al., 2003).  
 

Eutrophication: -is a result of high nutrient loads (mainly nitrogen and phosphorus). It is 

considered to be the prevailing water quality problem for surface water (UN-Water, 2009).  
 

Other pollutants originating in agricultural activities include pesticides, oxygen-demanding 
substances and sediments.  

 

Nitrogen and phosphorus are factors that limit life in aquatic ecosystems.  Eutrophication is 
excessive nutrient accumulation (e.g. nitrogen concentrations higher than 5 mg/litre), which 

generally promotes excessive plant growth and decay. Normally, simple algae and plankton 

are favoured over other more complicated plants and water becomes cloudy, shady and 

coloured 
 
Table 1 Cations, anions and other measurements recommended for characterizing irrigation water 
quality 

Cations Anions Others 

Ca2+ Cl
-
  Total dissolved solids or electric conductivity TDS Or EC 

Mg2+ BO 
3-

  Residual Sodium Carbonate RSC 

Na+ CO 
2-

  Lime deposition Potential LDP 

K+ HCO3
2-

  Sodium adsorption ratio or Sodium hazard SAR 

 SO4 
2-

 Acidity/Alkalinity 
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 NO3
- -   

 

 
 

2. Analysis  

2.1. Physical analysis  

 

A. soil moisture contents (Oven Dry method)  
 
 

 Weigh wet soil and dry in an oven at 1050 C overnight  

 

 Next day, remove from oven and cool and re-weigh  

 
% moisture in soil =wet soil(g) –dry soil(g) x100 

                                                              Dry soil(g) 
B. Bulk density (BD) 

 It is the mass of oven dry material per volume of soil in its natural state  
 

 Drive the sampler to the desired depth and collect the core sample and cover not to 
evaporate  

 
 Weight the sample with the core soon  

 
 Place the core in an oven and dry for 24 hours at 105oC cool weight of tube and 

volume is mentioned 
 

B.D= weight of oven dry soil  
volume of core 

= wt (Cr+S)-wt (Cr)  
         

  
Where :  s is weight of soil 
     Cr is weight of core  
 
C. particle size distribution (texture) by hydrometric method 
 

 Sodium hexametaphosphate hydrate (calgon solution) was added to soil sample 
and leave over night  
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 Transfer to the cup of mechanical stirrer and stir for 5 minute  
 
 

 Transfer to the hydrometer jar and mix with plunger and make up with distilled 
water  

 
 

 Immerse the hydrometer and read with 40 secs and keep the jar undisturbed for 2 
hours and take second reading  
 

 Temperature correction factor  
 
Add if the temp is greater than 20oC and subtract if less than 20oc 

Temperature correction factor, Tcf (may be different for each reading): 

Tcf= (Observed temperature - 20°C) * 0.3 

Corrected 40-second reading:     1st R - Blank ± T1cf 

Corrected 2-hour reading :         2nd R - Blank + T2cf 

 % Sand (2 – 0.05 mm) = 
(              ) ((       )     )

              
 x 100   =100 - 

((       )     )

              
 x 100 

 % clay (<0.002 mm) = 
((       )     )

              
       

% Silt (0.05 – 0.002 mm) = 100 – (%sand + % clay) 

Where    OD: Oven Dry  

                Blank, B: Hydrometer reading in water- Sodium hexametaphosphate, no soil 

                1st R: Hydrometer reading at 40 secs in soil solution 

     2nd R: Hydrometer reading at 2 hours in soil solution 

                  T1cf and T2cf: temperature correction at 40sec and 2 hrs reading respectively.  

D.  particle size distribution (texture) by Sieve method 
 
The soil, after air drying and crushing, not using extra force to break down gravels and stones, is sieved 
through a set of sieves. The material retained on different sieves is determined. The percentage of material 
retained on any sieve is given by: 

     = 
  

 
       

Where    = mass of soil retained on sieve ‘n’ 

M = total mass of the sample. 

The cumulative percentage of the material retained 

Cn = P1 + P2 + P3 + . . . . . . . . . +Pn 



 

 
12 

 

Where P1, P2, P3, etc. are the percentages retained on sieve 1, 2, 3, etc. that are coarser than sieve ‘n’. The 
percentage finer than the sieve ‘n’ is: 
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2.2. PH and Electrical Conductivity 
 
PH 

 pH is determined by pH meter after mixing soil with distilled water  

 
 1:2.5 soil- water ratio  

 
 1:2.5 soil- 0.01M CaCl2 or 1M KCl ratio  

 
Electrical conductivity 
 
This is used to determine the salinity of soil content by filtering the pH determined soil sample and 

test aliquot. 
9 

Table 2 Summary of recommended methods and Interpretation 

Analysis Recommended Rating Range Source 

 method (s)    

pH 
1:2.5 soil water 

suspension 

Strongly alkaline, > 8.0 
Tekalign et al 
1991 

Moderately alk. 7.4-8.0 

Neutral 6.7-7.3 

Slightly acid 6.0-6.6 

Moderately acid 5.3-5.9 

Strongly acid 4.5-5.2 

Very strongly acid <4.5 

EC (dS/m) 

1:2.5 soil water 

saturated pest 

extract 

V. Low <2 Esteban 

Herrera 
(2000) Low 2-4 

Moderate 4-8 

High 8-16 

V. High >16 
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LABORATORY STANDARD OPERATION PROCEDURE (SOP)  

II. PH and EC of Soil and Water   

1. Soil and Water PH Determination  

1.1. Scope 
This Standard describes an instrumental method for the routine determination of pH using a glass 

electrode in a 1:2.5 (W/V) suspension of soil, in either distilled water (pH-H2O) for active acidity, or 

a 0.01 mol/l Calcium chloride solution (pH-CaCl2) for the reserve acidity of the soil. The standard is 

applicable to both fresh and air-dry soil and for water samples. For practical reasons, for instance if 

there is a need to make strict comparisons with previous measurements, soils should generally be 

air-dried, even if fresh samples would represent the field conditions in a better way (Andersson, 

Nilsson & Jennische 2003). Distilled water or 0.01mol/l CaCl2 is recommended as extract ants. The 

use of a 0.01 mol/l CaCl2 solution will in general yield a lower pH value than will distilled water.  

1.2. Terms and Definitions 
For the purpose of this Standard, the following definition applies: 

 pH refers to the negative log of hydrogen ion activity [H+] at equilibrium in a substrate – water 

(alternatively salt solution) suspension, expressed as –log10[H+]. 

1.3. Principle 
A soil (fresh or air-dry) is made up in two and half times its volume of one of the following: 

- distilled water 

- a 0.01 mol/l solution of CaCl2 

The pH of the suspension or water is measured using a pH-meter. 

NOTE:  To make the procedure generally applicable to all types of soil samples, a W/V shaking ratio 

is chosen because then all types of samples can be treated in the same way, for water the samples 

directly measured.  

1.4. Interferences and Sources of Errors 
In samples with a high content of organic matter, the suspension effect can play a role. For 

calcareous material, it is possible that carbon dioxide is absorbed by the suspension. Under the 

circumstances mentioned, it is difficult to reach an equilibrium value.  
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1.5. Reagents 
Use only reagents of recognized analytical grade. 

1.5.1. Water, must have a specific electric conductivity not greater than 0.2 mS/m at 250C, and a 

pH not greater than 5.6. 

1.5.2 Calcium chloride solution with 0.01 mol/l: Dissolve 1.47 g of calcium chloride dihydrate 

(CaCl2 . 2H2O) in water (1.5.1) in a 1000 ml volumetric flask and make up to volume with water. 

This solution may be stored for several months in a refrigerator in a closed volumetric flask or 

other type of closed glass vessel. 

1.6. Apparatus 
1.6.1 Equipment for sample preparation 

 125ml polyethylene bottle with a tightly fitting cap or stopper (soil samples).  

 100ml polyethylene bottle (water samples). 

1.6.2 pH-meters, with slope adjustment and temperature control. 

1.6.3 Thermometer, capable of measuring to the nearest 0.10C. 

1.6.4 Glass electrode and a reference electrode of equivalent performance. 

1.7. Sampling and Sample Pre-treatment 
Samples should be pretreated (soil; fresh or air-dry). The particle size should be < 2mm. Air-dried 

samples should not be exposed to a temperature higher than 400C. The pretreated samples should 

be stored in well aerated but closed polyethylene containers. Samples should be kept at room 

temperature and in the dark. The sample pretreatment should take place within 24 hours of 

sampling.  

1.8. Procedures 
1.8.1 Preparation of a suspension 

1.8.1.1 Take a representative test portion of at least 20 g from the laboratory sample of soil using 

a 0.01g sensitive balance. Place the test portion in a polyethylene bottle (capacity at least 125 ml) 

with a tightly fitting cap or stopper. Add water (1.5.1) or calcium chloride solution (1.5.2) at an 

amount which is 2.5 times the volume of the test portion. 

1.8.1.2 Shake or mix the suspension for 60 min ± 10 min using a mechanical shaker. Wait for at 

least 1 h, but not longer than 3 h. Ingress of air during standing after shaking should be avoided. 
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1.8.2 Calibration of the pH meter 

Adjust the pH-meter as indicated in the manufacturer’s manual. Calibrate the pH-meter as 

specified in the manufacturer’s manual, using manufactured 4, 7 and 9 buffer solutions at 200C ± 

20C or Potassium hydrogen phtalate (C8H5O4K) at pH 4.00, and potassium dihydrogen phosphate 

(KH2PO4) + disodium hydrogen phosphate (Na2HPO4) at pH 6.88. For strongly alkaline materials 

disodium tetraborate decahydrate (Na2B4O7 . 10H2O) at pH 9.2 may also be required. 

 

1.8.3 Measurement of the pH. 

Measure the pH in the suspension at 200C ± 20C immediately after or whilst being stirred. The 

stirring should be at such a rate to achieve a reasonably homogenous suspension of the soil 

particles, but entrance of air should be avoided.  

1.9. Expression of Results 
The results of the determinations should be reported to the nearest 0.1 pH-unit 

1.10. Test Report 
The test report shall contain the following information: 

a) A reference to this Standard including its date of publication; 

b) Precise identification of the sample; 

c) Type of sample preparation: fresh or air-dry  

d) The aqueous medium used to make the suspension: pH-H2O, pH-CaCl2 or no aqueous medium 

added (water). 

e) Expression of results, according to 1.9 

f) Any deviation from this standard, and any facts which may have influenced the result. Where 

the test is not carried out in accordance with this standard, all deviations from the procedures 

prescribed in this standard are indicated in the report stating the reason for deviation. 

1.11. Performance Characteristics 
Performance data in terms of repeatability and reproducibility in two separately prepared 

suspensions shall satisfy the following requirements: 

pH range Acceptable variation (pH units) 

pH <7.00  0.15 

7.00 < pH < 7.50  0.20 

7.50 <pH <.00  0.30 

pH > 8.00  0.40 
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2. Soil and Water Electrical Conductivity (EC) Determination 

2.1. Scope 
This Standard describes an instrumental method for the routine determination of the specific 

electrical conductivity in an aqueous extract of soil (fresh or air-dry) and water. The determination 

is carried out to obtain an indication of the content of water-soluble electrolytes in the soil and 

water. For practical reasons, for instance if there is a need to make strict comparisons with 

previous measurements, soils should generally be air-dried. Air-drying can be used for all soils with 

one important exception: EC in soils that contain sulphidic material should be measured on fresh 

samples to avoid sulphide oxidation resulting in the formation of sulphuric acid. Whenever 

sulphidic soils are to be compared with other soils the comparison should be made on fresh 

samples. For water fresh sample is recommended.  

2.2. Terms and Definitions 
For the purpose of this Standard, the following definition applies: 

2.2.1 Electrical conductivity (EC) is a numerical expression of the ability of an aqueous solution to 

carry an electrical current. EC at equilibrium in a water suspension of soil is expressed as 

Decisiemens per meter (dS/m). 

2.3. Principle 
A suspension of air-dried (or fresh) soil is made up in 2.5 times (soil) its volume with water, to 

dissolve the electrolytes. (cf. the procedure used for determination of pH in soil). The specific 

electrical conductivity of the filtered extract is measured and the result is corrected to a 

temperature of 200C. 

2.4. Interferences and Sources of Errors 
The measured values of the electrical conductivity can be influenced by contamination of the 

electrodes. Air bubbles on the electrodes disturb the measurements. Measurements < 1 dS/m are 

influenced by gaseous carbon dioxide (CO2) or ammonia (NH3) coming from the atmosphere. In 

these cases, measurements are carried out in an adapted measuring cell.  

2.5. Reagents 
Use only reagents of recognized analytical grade. 

2.5.1 Water, with a specific electrical conductivity not higher than 0.2 mS/m at 200C. 
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For calibration use the following concentration under 2.5.2, 2.5.3 and 2.5.4 or any known 

concentrate. 

2.5.2 Potassium chloride solution 

c(KCl) = 0.1 mol/l. 

Dissolve 7.456 g of potassium chloride, previously dried for 24 h at 2200C ±100C in water (2.5.1) 

and dilute to 1000 ml at 200C. The specific electrical conductivity of this solution is 1161 mS/m at 

200C. 

2.5.3 Potassium chloride solution 

c(KCl) = 0.02 mol/l. 

Pour 200.0 ml of the potassium chloride solution (2.5.2) into a 1000 ml volumetric flask and dilute 

to volume with water at 200C. The specific electrical conductivity of this solution is 249 mS/m at 

200C. 

2.5.4 Potassium chloride solution 

c(KCl) = 0.01 mol/l. 

Pour 100.0 ml of the potassium chloride solution (2.5.2) into a 1000 ml volumetric flask and dilute 

to volume with water at 200C. The specific electrical conductivity of this solution is 127 mS/m at 

200C. 

All the potassium chloride solutions (2.5.2, 2.5.3, and 2.5.4) used for calibration shall be stored in 

tightly sealed bottles which do not release alkali or alkali-earth metals in amounts that would 

compromise the electrical conductivity of the solutions. 

NOTE: Polyethylene bottles could be used. The use of commercially available conductivity 

standards is also permitted. 

2.6. Apparatus 
2.6.1 Equipment for sample preparation 

 125ml polyethylene bottle with a tightly fitting cap or stopper (soil samples).  

 100ml polyethylene bottle (water samples). 

2.6.2. Conductivity meter, fitted with a conductivity cell, equipped with an adjustable measuring 

range setting and automatic temperature correction and having an accuracy of 1 mS/m at 200C. 

Preferably, the conductivity meter should also be equipped with a cell-constant control. 

2.6.3 Analytical balance, with an accuracy of at least 0.01 g. 

2.6.4 Thermometer, capable of measuring to the nearest 0.10C. 
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2.6.5. Shaking machine, with a horizontal movement sufficiently vigorous to produce and 

maintain 1:5 or 1:10 substrate-water suspensions, placed in for instance a constant room, where 

the temperature is maintained at 200C ±10C. 

2.6.6. Filter paper, with low ash content and high retentive properties. 

2.6.7. Shaking bottle, of sufficient capacity, made of polyethylene. 

2.7. Sampling and Sample pre-treatment 
The particle size should be < 2mm. Air-dried samples should not be exposed to a temperature 

higher than 400C. The pretreated samples should be stored in well aerated but closed 

polyethylene containers. Samples should be kept cold (< 8°C) and in the dark. The sample pre-

treatment should take place within 24 hours of sampling. 

2.8. Procedure 
2.8.1 Extraction 

Weigh 20.00 g of the laboratory sample and transfer to a shaking bottle (2.6.7). Add 50 ml of water 

(2.5.1) to soil samples at a temperature of 200C ± 10C. Close the bottle and place it in a horizontal 

position in the shaking machine. Shake for 30 minutes. Filter directly through a filter paper (2.6.6). 

2.8.2 Calibration by checking the cell constant. 

2.8.2.1 Measure the conductivity (ECM) of the potassium chloride solutions (2.5.2, 2.5.3 and 2.5.4) 

according to the instruction manual of the instrument (OR use the calibration solution of the 

instrument HI 7030 12.88 mS/cm). 

2.8.2.2 Calculate for each potassium chloride solution, a cell constant according to  

K = ECS/ECM 

Where 

K is the cell constant in reciprocal meters (1/m) 

ECS is the specific electrical conductivity of one of the potassium chloride solutions in mS/m, 

according to its concentration ECM is the measured electrical conductivity of the same potassium 

chloride solution, in mS/m. Use the average of the calculated values as the cell constant of the 

instrument. The calculated cell constant should not differ by more than 5% from the value given by 

the manufacturer. 

2.8.2.3 Adjust the cell constant on the conductivity meter. 

2.8.3. Measurement of the electrical conductivity of the filtrates 

Measure the electrical conductivity of the filtrates (ECM) according to the instructions provided by 

the manufacturer of the conductivity meter (2.5.2). Carry out the measurements with the 

temperature corrected to 200C. Temperature corrections of the measured values are made by 
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adding 2 % of the measured value (measurement temperature < 200C) or subtracting 2 % of the 

measured value (measurement temperature > 200C) for each degree’s difference. 

2.8.4 Blank determination 

Carry out blank determination in each batch of samples by treating water (2.6.1) in the same way 

as the samples. The value of the blank should not exceed 1 mS/m. If the EC of the blank > 1 mS/m, 

the extraction should be repeated from the beginning. Carry out at least two blank determinations 

in each series and use the average blank value for subsequent calculations. 

2.8.5 Quality Assurance of the overall procedure 

2.8.5.1 Duplicate determination 

Analyze two individual test samples of each (dried or fresh), homogenized sample submitted for 

analysis. Establish a control limit for the difference between results for the two sub-samples based 

on for example laboratory precision data. 

2.9. Expression of results 
Note the results to 1 decimal place, expressed in mS/m. 

2.10. Test report 
The test report shall contain the following information: 

a) a reference to this Standard including its date of publication; 

b) Precise identification of the sample; 

c) Type of sample preparation: fresh, air-dry  

d) Expression of results, according to 2.9. 

e) Any deviation from this standard, and any facts which may have influenced the result. Where 

the test is not carried out in accordance with this standard, reference may only be made to EN in 

the report in case all deviations from the procedures prescribed in this standard are indicated in 

the report stating the reason for deviation. 

2.11. Performance characteristics 
Performance data in terms of repeatability of the electrical conductivity measurements in two 

separately prepared filtrates shall satisfy the requirements shown in the following table. 

Electrical conductivity (mS/m at 200C)  Accepted variation 

0 to 50  5 mS/m 

50 – 200  20 mS/m 

> 200  10% 
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III. Soil Particle Size Analysis  

1. Hydrometer Method 

1.1. Scope 
This Standard describes an instrumental method for the routine determination of a Textural class 

using a Bouyoucos hydrometer in a 1:19 (W/V) suspension of soil with dilute dispersing agent 

(Calgon), in either distilled water or tap-water for particle size distribution of the soil.  The calcium 

and magnesium ions are removed from solution by complexing with hexametaphosphate (Calgon) 

anions (Baver et al., 1972; Gee & Bauder 1986; Sheldrick & Wang 1993). The standard is applicable 

to air-dry soil. For practical reasons, for instance if there is a need to make strict comparisons with 

previous measurements, soils should generally be air-dried. Values presented in this manual 

without a decimal point or tolerances are approximate. 

1.2. Terms and definitions 
For the purpose of this Standard, the following definition applies: 

Soil Textural: is defined as the relative proportions of each class, sand, silt and clay groups are 

commonly referred to as the soil separates. However, the specific diameter limits for each class 

may be different, depending upon the organization making the definition (Gee & Bauder 1986). 

1.3. Principle 
Hydrometer method is well adapted and used extensively in soil laboratories to determine the particle size 
distribution of fine-grained soils (<2mm diameter) or particles passing 250 mesh (0.053mm) sieve (silt and 
clay). Hydrometer actually measures the specific gravity of the soil suspension at the centre of its bulb. The 
specific gravity depends the mass of solids particles that depends upon the particle size. The particle size 
(D) is given by: 

    √
  

 
 

Where 

M = *(0.3η)/(g*G-1)    

In which, Theory η = viscosity of water in poise, G= specific gravity of solids, ρw= density of water 
(gm/ml); g = 981 cm/sec2, He = effective depth, t  = time in minutes at which observation is taken, 
calculated with respect to the beginning of sedimentation. 

The percentage finer than the size D is given by 

M = [ 
 

   
] x 

 

  
 x 100 

Where R= corrected hydrometer reading, Ms= mass of dry soil in 1000ml suspension. 

A soil (air-dry) is made up in nineteen times of its volume with dilute dispersing agent. 
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This procedure of analysis depends fundamentally upon Stokes' Law. One form of this equation is:  

v =     
 (     )  

 

   
 

Where v = particle velocity of fall,  

   = acceleration due to gravity,  

   = particle density,  

   =liquid density,  

c = particle diameter, and  

h = fluid viscosity.  

To make the procedure generally applicable to all types of air dried soil samples, a W/V shaking 

ratio is chosen because then all types of samples can be treated in the same way.   

1.4. Interferences and sources of errors 
In samples with a high content of organic matter, the suspension effect can play a role. For 

calcareous material, it is possible that carbon dioxide is absorbed by the suspension. Under the 

circumstances mentioned, it is difficult to reach an equilibrium value.  

1.5. Reagents 
Use only reagents of recognized analytical grade. 

1.5.1. Water, must have a specific electric conductivity not greater than 0.2 mS/m at 250C, and a 

pH not greater than 5.6. 

1.5.2. Sodium Hexametaphosphate Crystals (NaPO3)13∙Na2O: Dissolve 40 g of Sodium 

Hexametaphosphate Crystals in water (1.5.1) in a 1000 ml volumetric flask and make up to volume 

with water. This solution may be stored for a month at room temperature in a closed volumetric 

flask or other type of closed glass vessel marked with the date the solution was prepared. 

1.5.3. Mix the solution (1.5.2) using the magnetic stirring apparatus for 1 hour or until all the 

sodium hexametaphosphate crystals have dissolved, whichever is longer. Allow the solution to 

stand for a minimum of 12 hours before using. 

1.6. Apparatus 
1.6.1 Equipment for sample preparation 

i. Sieve 2mm 

ii. Digital balance (0.01sensetivity) 

1.6.2 Equipment for analysis 

1.6.1.  Beaker 500ml capacity (polypropylene) 
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1.6.2.  Sedimentation Cylinder made of glass with a capacity of 1000 ml, 450 mm in height and 60 

mm in diameter. 

1.6.3.  Stirring Apparatus: A mechanically operated stirring apparatus for mixing the soil slurry. The 

stirring apparatus consists of an electric motor capable of turning a vertical shaft at a speed of not 

less than 10,000 rpm  

1.6.4.  Bouyoucos hydrometer: 

1.6.5.  Thermometer (0-100oC) 

1.6.6. Plunger  

1.6.7. Stop watch 

1.7. Sampling and sample pre-treatment 
Samples should be pretreated (air-dry). The particle size should be < 2mm. The pretreated samples 

should be stored in well aerated but closed polyethylene containers. Samples should be kept at 

room temperature and in the dark. The sample pretreatment should take place within 24 hours of 

sampling.  

1.8. Procedures  
Part – I: Calibration of hydrometer 

1. Take about 800ml of water in one measuring cylinder. Place the cylinder on a table and observe the 

initial reading. 

2. Immerse the hydrometer in the cylinder. Take the reading after the immersion. 

3. Determine the volume of the hydrometer (VH) that is equal to the difference between the final and initial 

readings. Alternatively weigh the hydrometer to the nearest 0.1g. The volume of the hydrometer in ml is 

approximately equal to its mass in grams. 

4. Determine cross section area (A) of the cylinder. It is equal to the volume indicated between any two 

graduations divided by the distance between them. The distance Between the two graduation divides 

should be measured with an accurate scale. 

5. Measure the distance (H) between the neck and the bottom of the bulb. Record it as the height of the 

bulb (h). 

6. Measure the distance (H) between the neck to each mark on the hydrometer (Rh). 

7. Determine the effective depth (He), corresponding to each of the mark (Rh) as 

   = H + 
 

 
 (h - 

  

 
) 
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 [Note: the factor 
  

 
 should not be considered when the hydrometer is not taken out when taking readings 

after the start of the sedimentation at ½, 1, 2, and 4 minutes.] 

8. Draw a calibration curve between He and Rh. Alternatively, prepare a table between He  and Rh. The curve 

may be used for finding the effective depth He corresponding to reading Rh. 

 

Fig. 1: Hydrometer Method 

 

Fig. 2: Hydrometer Calibration Chart 
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 Part – II: Meniscus Correction 

1. Insert the hydrometer in the measuring cylinder containing about 700ml of water. 

2. Take the readings of the hydrometer at the top and bottom of the meniscus. 

3. The meniscus correction is equal to the difference between the two readings. 

4. The meniscus correction Cm is a positive constant for the hydrometer. 

5. The observed hydrometer reading Rh
’ is corrected to obtain the corrected hydrometer reading Rh as 

Rh = Rh
’ + Cm 

Part III – Optional pre-treatment and Dispersion (for soil high with high organic matter content or high 

carbonate content) 

Materials 

1.         400-ml beaker . 

Reagents 

1.         Hydrogen peroxide, 30%. 

2.         Hydrochloric acid, 1N. 

Procedure 

1. Weigh accurately, to the nearest 0.01g about 50g air-dried soil sample passing 2mm sieve. Place the 

sample in a wide mouthed conical flask. 

2. Add about 150ml of hydrogen peroxide to the soil sample in the flask (if soil is high in organic material). 

Stir it gently with a glass rod for a few minutes (only when organic matter content is high (>5%)). 

3. Cover the flask with a glass plate and leave it to stand overnight. 

4. Heat the mixture in the conical flask gently after keeping it in an evaporating dish. Stir the contents 

periodically. When vigorous frothing subsides, the reaction is complete. Reduce the volume to 50ml by 

boiling. Stop heating and cool the contents. 

5. If the soil contains insoluble calcium compounds, add about 50ml of hydrochloric acid to the cooled 

mixture. Stir the solution with a glass rod for a few minutes. Allow it to stand for one hour or so. The 

solution would have an acid reaction to litmus when the treatment is complete. 

6. Filter the mixture and wash it with warm water until the filtrate shows no acid reaction. 
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7. Transfer the damp soil on the filter and funnel to an evaporating dish using a jet of distilled water. Use 

the minimum quantity of distilled water. 

8. Place the evaporating dish and its contents in an oven and dry it at 105 to 110 oC. Transfer the dish to a 

desiccator and allow it to cool. 

9. Take the mass of the oven dried soil after pre-treatment and find the loss of mass due to pre-treatment. 

Part IV – Sedimentation test  

1 Take a representative test portion of at least 50 g if a fine textured 100 g if sandy soil from the 

laboratory sample of soil using a 0.01g sensitive balance. Place the test portion of the soil in 500 

ml beaker (poly propylene) and add 50 ml (1.5.3). 

2. Allow to slake (soak) for 15 minutes 

3. Attach (1.6.1) to mixer (1.6.3); mix 5 minutes for courser textured, 15 minutes for fine textured 

soil. 

4. Transfer suspension (3) to (1.6.2), rinse the beaker with tap water. Make up a blank cylinder 

with a tap water and sodium hexametaphosphate. 

5. Fill the cylinder to 1000ml mark with tap water 

6. Carefully mix suspension (5) with plunger. After removing plunger, begin timing using watch 

timer. Carefully place hydrometer (1.6.4) into suspension; note reading at 40 seconds . This 40 

seconds reading should be repeated to the blank. Because the suspension is opaque, read the 

hydrometer at the top of the meniscus rather than at the bottom. 

7. After 40 second reading, remove hydrometer, and carefully place a thermometer into (6) and 

record the temperature (oC).  

8. Mix suspension (6) again with plunger and begin timing for the two hour reading; note reading 

at 2 hours. This 2 hours reading should be repeated to the blank. 

9. Take a hydrometer reading at 2 hours, followed by a temperature reading for both cylinders 

(test and blank samples). 

Note: Make up a blank cylinder with water and sodium hexametaphosphate. Record the blank hydrometer 

reading. If the reading is above 0 (zero) on the hydrometer scale (in other words, if the zero mark 

is below the surface), record the blank correction as a negative number.  Read at the top of the meniscus as 

before. 
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1.9.  Calculation 
Apply Temperature correction factor, Tcf and Blank reading Correction (B) 

Tcf= (Observed temperature - 20°C) * 0.3 

Corrected 40-second reading:     1st R - Blank ± T1cf 

Corrected 2-hour reading :         2nd R - Blank + T2cf 

 % Sand (2 – 0.05 mm) = 
(              ) ((       )     )

              
 x 100   =100 - 

((       )     )

              
 x 100 

 % clay (<0.002 mm) = 
((       )     )

              
       

% Silt (0.05 – 0.002 mm) = 100 – (%sand + % clay) 

Where    OD: Oven Dry  

               Blank, B: Hydrometer reading in water- Sodium hexametaphosphate, no soil 

              1st R: Hydrometer reading at 40 secs in soil solution 

     2nd R: Hydrometer reading at 2 hours in soil solution 

                  T1cf and T2cf: temperature correction at 40sec and 2 hrs reading respectively.  

Determine your sample's textural class from the textural triangle. This method is an easy method that only 

provide the amount of sand, silt and clay. If it is desired to have more points to be able prepare a textural 

graph, more sampling will be needed at different intervals.  

 

 
Fig. 3: Downward Movement of Hydrometer 
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1.10. Expression of Results  
The results of the determinations should be reported without decimal place and textural class 

from the USDA textural triangle. 

1.11. Test Report 
The test report shall contain the following information: 

a) A reference to this Standard including its date of publication; 

b) Precise identification of the sample; 

c) Type of sample preparation: fresh or air-dry  

d) The aqueous medium used to make the suspension: sodium hexametaphosphate-distilled 

water). 

e) Expression of results, according to 1.10 

f) Any deviation from this standard, and any facts which may have influenced the result. Where 

the test is not carried out in accordance with this standard, all deviations from the procedures 

prescribed in this standard are indicated in the report stating the reason for deviation. 
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2.  Sieve analysis (Particle Size Distribution) 

2.1. General  
The soil, after air drying and crushing, not using extra force to break down gravels and stones, is sieved 
through a set of sieves. The material retained on different sieves is determined. The percentage of material 
retained on any sieve is given by: 

     = 
  

 
       

Where    = mass of soil retained on sieve ‘n’ 

M = total mass of the sample. 

The cumulative percentage of the material retained 

Cn = P1 + P2 + P3 + . . . . . . . . . +Pn 

Where P1, P2, P3, etc. are the percentages retained on sieve 1, 2, 3, etc. that are coarser than sieve ‘n’. The 
percentage finer than the sieve ‘n’ is: 

           

2.2. Equipment  
1. Set of fine sieves, 2mm, 1mm, 600 micron, 425, 212, 150, and 75 micron, 53 micron. 

2. Set of coarse sieves, 100mm, 80mm, 40mm, 10mm, and 4.75mm. 

3. Weighing balance with accuracy of 0.1% of the mass of the sample. 

4. Oven 

5. Mechanical shaker 

6. Trays 

7. Mortar with a rubber covered pestle. 

8. Brushes 

2.3. Coarse soil Sieve Analysis  
Procedure: 

1. Take the required quantity of the sample. Sieve it through a 4.75mm sieve. Take the soil fraction retained 
on 4.75mm sieve for the coarse sieve analysis (Part-I) and that passing through the sieve for the fine sieve 
analysis (Part-II). 

2. Sieve the sample through the set of coarse sieves by hand. While sieving through each sieve, the sieve 
should be agitated such that the sample rolls in irregular motion over the sieve, the material retained on 
the sieve may be rubbed with the rubber pestle in the mortar, if necessary. 

Care shall be taken so as not to break the individual particles. The quantity of the material taken for sieving 
on each sieve shall be such that the maximum mass of material retained on each sieve does not exceed the 
specified value. 
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3. Determine the mass of the material retained on each sieve. 

4. Calculate the percentage of soil retained on each sieve on the basis of the total mass of the sample, 
taken in step (1). 

5. Determine the percentage passing through each sieve. 

2.4.  Fine Soil Sieve Analysis 
6. Take the portion of the soil passing 4.75 mm IS sieve. Oven dry it at 105 to 1100C. Weigh it to 0.1% of the 
total mass. 

7. Sieve the soil trough the nest of fine sieves, the sieves should be agitated so that the sample rolls in 
irregular motion over the sieves. However, no particles should be pushed through the sieve. 

8. Take the material retained on various sieves in a mortar. Rub it with rubble pestle, but do not try to 
break individual particles. 

9. Reserve the material through the nest of sieves. A minimum of 10min of shaking is required if a 
mechanical shaker is used. 

10. Collect the soil fraction retained on each sieve in a separate container. Take the mass. 

11. Determine the percentage retained, cumulative percentage retained, and the percentage finer, based 
on the total mass taken in step (1). 

Data Sheet for Sieve Analysis 

Total mass of dry soil = ______g 

Mass of soil retained on 4.75mm sieve = ________g 

Mass of soil passing 4.75mm sieve = _______g 

2.5. Result: 

Observations Calculations 

IS Sieve 
Size of 
opening 

Mass of soil 
retained 

Percentage 
retained 

Cumulative % 
retained 

% finer 

Coarse Fraction (Part-I) 

100 m 100 mm 
    

80 mm 80 mm 
    

40 mm 40 mm 
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Percentage finer given in the last column can be used to plot the particle size distribution curve with 
particle size as abscissa on log scale and the percentage finer as ordinate. 

20 mm 20 mm 
    

10 mm 10 mm 
    

4.75 mm 4.75 mm 
    

Fine Fraction (Part-II) 

2 mm 2 mm 
    

1 mm 1 mm 
    

600 µ 0.600 mm 
    

425 µ 0.425 mm 
    

300 µ 0.300 mm 
    

212 µ 0.212 mm 
    

150 µ 0.150 mm 
    

75 µ 0.075 mm 
    

Pan –     
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Fig: Particle size distribution on semi log graph 

 

Fig: Grading of soils 

[Note: If the fraction contains an appreciable amount of clay particles, the wet sieve analysis is required. 
Alternatively, following method may be used. 

Before conducting step (7), add the water containing sodium hexametaphosphate at the rate of 2g per litre 
of water to the soil fraction. Stir the mix thoroughly and leave for soaking. Wash the soaked specimen on a 

75 µ sieve until the water passing the sieve is clear. 
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Take the fraction retained on the sieve and dry it in an oven. Sieve the oven dried soil through the nest of 
sieves as discussed in step (7). Perform further steps as before. 

Obviously, the mass of material which would have been retained on pan is equal to the original mass of the 

soil before washing minus the dry mass of the soil retained on 75 µ sieve after washing.] 
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Annex-1: USDA soil texture classifications 

 

Sampling, Figure: USDA Soil Texture Class 
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Annex-2: Field Tests for soil texture 
Moist Ball Test – Compress moist* soil by squeezing it in your hand.  If the soil holds together 

(i.e. forms a ball) when your hand is opened, then test the strength of the ball by tossing it from 

hand to hand.  The more durable the ball, the more clay is in the soil. 

Shine Test – Roll moist* soil into a ball and rub once or twice against a hard, smooth object such 

as a knife blade or a thumb nail.  A shine on the rubbed surface indicates clay in the soil.  The 

more it shines, the more clay is in the soil. 

Ribbon Test – Roll moist* soil into a long thin shape and then squeeze out between the thumb 

and forefinger to form the longest and thinnest ribbon possible.  The longer the ribbon, the more 

clay is in the soil.  Soils with high silt content will tend to flake rather than ribbon. 

Feel Test – Rub moist to wet soil between the thumb and fingers to assess the percentage of sand 

(sand feels gritty).  Silt feels smooth and silky like talcum powder but is not sticky. 

Sticky Test – Compress moist to wet soil between the thumb and forefinger.  Note  how strongly 

it adheres to the thumb and forefinger upon release of pressure and how much it stretches.  

Alternatively, throw it at your partner’s forehead or the truck window. The more it sticks the more 

clay is in the soil. 

Taste Test - A small amount of soil is worked between the front teeth.  Sand is distinguished as 

individual grains which grit sharply against the teeth.  Silt particles produce a general fine 

grittiness, but individual grains cannot be identified.  Clay particles have no grittiness. 

* Moist soil feels damp but no visible water is present.  A small amount of moisture can be 

observed on the palm of the hand when a sample is very tightly squeezed and then 

released.  Moist soils can be molded into shapes like potting clay. 

Texture Feel Test Moist Cast Test Ribbon Test 

Sand 
Grainy, little floury 

material 
No cast Can't form a ribbon 

Loamy sand 
Grainy with slight amount 

of floury material 

Very weak cast, does not 

allow handling 
Can't form a ribbon 

Silty sand Some floury material does not allow handling Can't form a ribbon 

Sandy loan 
Grainy with a moderate 

amount of floury material 

Weak cast, allows careful 

handling 

Barely forms a ribbon — 1 to 

2 cm. 

Loam 
Fairly soft and smooth 

with obvious graininess 
Good cast, easily handled Thick and very short - <3 cm. 

Silt loam Floury, slight graininess Weak cast, allows careful Makes flakes rather than a 
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handling ribbon 

Silt Very floury 
Weak cast, allows careful 

handling 

Makes flakes rather than a 

ribbon 

Sandy clay 

loam 
Very substantial graininess Moderate cast Short and thick — 3 to 6 cm 

Clay loam Moderate graininess Strong cast clearly evident 
Fairly thin, breaks easily, 

barely supports its weight. 

Silty clay 

loam 
Smooth, floury Strong cast 

Fairly thin, breaks easily, 

barely supports its weight. 

Sandy clay Substantial graininess Strong cast 
Thin, fairly long, 6 to 8 cm. 

Holds its own weight. 

Silty clay Smooth Very strong cast 
Thin and fairly long, 6 to 8 

cm. Holds its weight. 

Clay Smooth Very strong cast 
Very thin and very long — >8 

cm. 
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Annex-3: Soil colour 
Munsell Color Chart 

 Tells us the color of a soil 

 Numerical and descriptive 

 Gives a Hue, Value and Chroma  (HVC) 

 Munsell notation is H V/C 

Munsell Colour System 

The Munsell color system is a means to visually identify and match color using a scientific 

approach. 

 

Use the right page to check Hue (at 
the top), Value (at left edge) up and 
down, Chroma (at bottom), left to 
right), for the given clod of soil 
sample. Then for the combined colour 
(Hue, Value, and Chroma), see the 
soil colour on the left page. 

 

 

 

 

 

 

Figure 1 Munsell soil  colour chart 

 

 A color designation system specifying the relative degrees of the three simple variables of color 

◦ Hue   dominant spectral colour 

◦ Value  lightness of colour 

◦ Chroma  purity of colour 

Example: Red   (5R 6/14) :  5R- Hue, 6- Value, 14- Chroma 
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Soil Color properties and Uses 

 Distinguishes soil horizons 

 Soil color in surface horizons is correlated with organic matter content & nutrient supplying 

power 

o Humus is black  

 Relates to the minerals  

o Mineral and organic components impact color to soil 

o Iron oxides are red 

o Reduced iron is blue green 

o Reduced soils have soluble iron and manganese compounds 

o Oxidized soils have iron and manganese oxides 

o Feldspars are predominantly red 

o Quartz imparts light color 

 Relates to the moisture regime 

o Need to know if soil was dry, moist or wet when the colour was assigned 

o Soil color reflects regime of water and air in soil. 

 Colloidal materials impact soil color 

 Soil color needs to be used with soil texture and structure 

Conclusions for Soil Color 

 Soil color can be described qualitatively and quantitatively under specified moisture conditions. 

 Soil color indicates regime of water and air in soil. 

 Soil color in surface horizons is correlated to soil organic matter content. 
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Annex-4: Soils which needs more attention  
 

Acid and Salt affected soil Type Million Ha % 
 
General Classification (Soil PH) 
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Summary of common soil fertility problems that rarely occur in soils due to PH 

PH<5.5 PH>7.0 

Al toxicity to plant roots Fe deficiency  

Mn  toxicity to plant roots Mn deficiency  

Ca and Mg deficiency  Zn deficiency  

Mo deficiency in legumes  Osmotic stress from salts 

P tied up by Fe and Al P tied up by Ca and Mg 

Slow N transformations Potato scab 
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Optimum PH ranges have been identified for crops 
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What are salt affected soils? 
 

Soils with high concentrations of salts formed under the influence of soluble salts. 
Common in arid and semiarid regions, where 

• rainfall is insufficient to leach soluble salts from the soil 
• drainage is restricted 
• shallow saline groundwater is prominent 
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What are salt affected soils... 

• Three class of salt affected soils are  
1. Saline 
2. Sodic 
3. Saline sodic 

123 
What are salt affected soils? 
 

Saline soils: 
A soil containing sufficient concentrations of soluble salts within the soil profile to result in 
reduced plant productivity or plant death. 
 
Sodic soils: 
Soil with a high percentage of sodium ions (in soluble or exchangeable form), exhibiting 
degraded soil behavior such as dispersion when wet and crusting when dry 
 
Saline sodic soils: 

_ Soils having both characters 
 
Practical classification 
 

 
Soil 
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Cause of Soil Salinization & Sodication 
Understanding causes may help in identifying research strategies and management 
options to prevent occurrence of salinity problem 

 
 
salinization 
Secondary salinization 
Whenever salt balance of potentially salt affected (primary salinity) soils significantly affected 
through improper land development for irrigation and subsequent poor soil and water 
management results in buildup of secondary salinization 

 

Some examples of improper land development and poor irrigation management practices 
1. Improper irrigation management schemes: 

• insufficient water application; 
• insufficient drainage; 
• irrigation at low efficiency 

where most of the water leaks into the groundwater and/or over-irrigation contribute to a 
high water table causing water logging and salinity build-up in many irrigation projects of the 
world; 

• irrigation with saline or marginal quality water 
 2. poor land leveling 

• small differences in elevation may result in salinization of the lower parts, as the 
water table is closer to the surface and is subject to greater evaporation; 

3. dry season fallow practices 
•  in the presence of shallow water table; 

4.  misuse of heavy machinery leading to • soil compaction and poor drainage; 
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How change in natural ecosystem cause soil salinity (Case Example: Amibara) 
 

 
Major Adverse Effects of Salinity & Sodicity 
 
Understanding the adverse effect may dictates management and research directions to 
alleviate the effect 
The adverse effects saline soils are: 

 The osmotic or total salt effect which limits the availability of water to plants 

 Toxicity effects of certain specific plants 

 Nutritional disorders 

 Disturbance of the population, diversity and activity of beneficial soil micro-
organisms 
 

Adverse effects… 
The adverse effects of sodic soils are 

Alteration of soil physical properties resulting from the swelling and dispersion of soil colloidal 
particles caused by the presence of excess exchangeable Na in the soil exchange site and which 
finally results in water infiltration and movement, air movement, root penetration and seedling 
emergence problems Depressed nutritional solubility and availability associated to increased Ph 
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The difference between flocculated (aggregated) and dispersed soil structure. 
 

 
 

Flocculation (left) is important because water moves through large pores and plant roots grow 
mainly in pore space. Dispersed clays (right) plug soil pores and impede water and air movement 
 
How to Recognize Salt-affected Soils 

Recognizing the symptoms of salt-affected soils in time may save costly reclamation efforts and 
further land losses 

 Salt crusts 

 Delayed/reduced germination 

 Stunted growth 

 Foliar damage 

 Waterlogging 
 

The intake rate of the soil under irrigation is affected by: 
 
Salt content and type of salts 
• This is evaluated by using the SAR and ECiw 
 
Sodium Adsorption ratio 
 

 
• High SAR=Unstable soil (>15) 
• Low SAR=Stable soil (<6) 
• Gypsum or elemental sulfur additions usually start at 
SAR=6 

 


