
Exercise No. 1 

Preparation of Saturated Paste and saturation extract  

Plants growing on salt affected soils are directly influenced by the amount of salts present in 

soil or osmotic pressure of the soil solution. The salt concentration of soil solution varies 

inversely with the water content of soil at a given amount of soluble salt present in soil. The soil 

water available to plants vary with in field capacity and permanent wilting point and at equal 

soluble salt content sandy soils will have five times more salt in soil solution as compared to 

clayey soils at field capacity as well as at permanent wilting point. This indicated that water 

content of soil affects the amount of salt extracted from the soil.  

The salt extraction at field capacity of water will be suitable water content. But it is very 

difficult for routine extractions of salt from soil at field capacity moisture content. Therefore, 

mixing of soil with water to make the saturation paste as suggested by United State National 

Resources Planning Board (1942) and adapted by U.S. Salinity Laboratory Staff (1954) was also 

found most suitable for extracting the salt from soil for salinity appraisal and other uses. 

1.   Preparation of saturation paste 

Apparatus 

1. Physical balance 

2. Moisture Box or Plastic Beaker - 250 ml capacity  

3. Spatula 

4. Burette 

Reagents 

1. Distilled water 

Procedure 

1. Weight 100 g air dried and processed soil sample in a moisture box. 

2. Fill the burette with distilled water 

3. Add known volume of distilled water to the soil while stirring with spatula. 

4. Consolidate the soil water mixture time to time by tapping the moisture box on the working 

table. 

5. At saturation, soil paste glistens as it reflects light and fall freely when the spatula with 

saturated soil is tapped. 

6. At this stage mix the sample again and keep for one hour 

7. After one hour, if glistening disappear then again add more distilled water and prepare 

saturated paste 

8. Note the final burette reading 
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Observation 

1. Weight of soil:________________g 

2. Volume of distilled water used for preparation of saturated paste:________ml 

3. Saturation percent of soil:____________% 

 

SP  =    
Total weight of water

   Weight of the oven dry soil
  X 100 
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2. Preparation of saturation extract 

Apparatus 

1. Richards or Buechner funnel 

2. Filter flask 

3. Filter paper 

4. Vacuum pump 

5. Volumetric flask 

 

 

Procedure 

1. Place the filter paper on the Buechner funnel 

2. Keep the Buechner funnel on the filter flask and connect it with vacuum pump. 

3. Transfer the saturation paste into the Buechner Funnel. 

4. Start the vacuum extraction of paste by starting the vacuum pump. 

5. Collect the saturation extract in the filter flask. 

6. Stop vacuum extraction if air begins to pass through filter paper. 

7. Transfer the saturation extract in the volumetric flask after knowing its volume. 

 

Precautions 

1. Do not use Pyrex glass if boron is to be determined. 

2. Add 1000 ppm sodium hexametaphosphate solution @ 1 drop per 25 mL of extract 

before stoppering and storing, if CO3
- and HCO3

- are to be determined. 

3. If soil contains more amount of free gypsum, allow to increase the EC up to 1-2 

mmhos/cm (dSm-1) standing the extract for several hours. 

4. For salinity appraisal, extract few minutes after the preparation of saturation paste. 

5. For the estimation of chemical constituents keep the saturation paste for 4-16 hours 

before extraction. 

 

 

(Signature of the Teacher) 
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Exercise No. 2 

Determination of pHs of saturation extract 

 

 The pH value is a measure of the hydrogen ion activity of the soil water system and 

expresses the acidity and alkalinity of soil. The pH is a very important property of soils as it 

determines the availability of nutrients, microbial activity and physical condition of the soil.  

 The pH of a solution has been defined as the negative logarithm of the hydrogen ion 

activity which in very dilute solutions can be expressed as concentration, in gram mole per liter.  

                                        pH = -log10 [H
+] or [H+]=10-pH 

Note: In concentrated solutions the ionic activity of ions tends to suppress due to high salt 

concentration. So in these solutions the activity of ions is not in the tune of concentrations in 

which they are present. That is why in definition of pH the word concentration is replaced by the 

activity. 

pH =-log10 [aH+] 

where aH+ is the hydrogen ion activity in g ion l-1 

 Pure water, which is exactly neutral at 25° C has a pH 7.0. As pH decreases from 7, the 

hydrogen ion concentration exceeds OH- ion and the range is acidic. When the OH- ion 

concentration is more than H+ ion, pH lies between 7 and 14 and the range is alkaline.  

 It is found that in aqueous system at 22°C [H+] [OH-] is equal to 10-14 which is also called 

ionic product of water. The relationship between [H+] [OH-] and pH is given in following table.  

Table: Relationship between hydrogen ion concentration, hydroxyl ion concentration and 

pH in a solution  

pH H+ OH- 

 (g) ion/L 

0 100 10-14 

1 10-1 10-13 

2 10-2 10-12 

3 10-3 10-11 

4 10-4 10-10 

5 10-5 10-9 

6 10-6 10-8 

7 10-7 10-7 

8 10-8 10-6 

9 10-9 10-5 

10 10-10 10-4 

11 10-11 10-3 

12 10-12 10-2 

13 10-13 10-1 

14 10-14 100 

 In soil water system some of the adsorbed hydrogen ions dissociate from the surface of 

the soil colloids in to soil solution. These dissociated H+ ions give rise to active or soluble 
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acidity. But there are many more hydrogen ions still adsorbed on the soil colloids which give rise 

to potential acidity of the soil.  

 The effective hydrogen ion concentration includes hydrogen from all sources such as 

those arising by dissociation of soluble acids and those dissociated from soil colloids. 

Effectiveness is defined in practical terms by the electrical potential measured when the glass 

electrode is placed in a soil water suspension. Hence, the pH is a sort of voltage measurement 

and to cover the entire range 0-14 a potential measurement in the range of +420 mV to -420 mV 

is needed. A potential difference of 59.1 mV is developed for a difference of one pH unit. 

 Since the dissociation/ionic activity increases with temperature, the pH scale of 0 to 14 is 

valid only for 25°C temperature. Thus the instruments used to determine pH are provided with 

temperature setting knob which must be made use of. In general, dilution also increases the soil 

pH. 

Determination of pH  

 The methods for the determination of pH of the soil solution are mainly classified into 

two groups:  

1. Electric pH meter method  

2. Colorimetric method.  

Electric pH meter method  

 The instrument commonly used in this method is a glass electrode pH meter with calomel 

reference electrode introducing salt bridge. Most digital pH meter now days have single 

(combined) electrode assembly. The instrument being a potentiometer requires to be calibrated 

before use with buffer solutions of known pH values.  

 

Principle 

 A glass surface in contact with hydrogen ions of the solutions under test, acquires an 

electrical potential which depends on the concentration of H+ ions. A measure of the electrical 

potential (emf) therefore give is H+ ion concentration or pH of the solution.  

pH can be determined using either colorimetric or electrometric methods.  The choice of 

method depends upon the accuracy required, the equipment available, or convenience.The 

electrometric method works on the principle as mentioned in Nernst equation. It consists of two 

electrodes.  

1) Glass electrode or Indicator electrode: That is sensitive to H+: there is an exchange of 

ions between solution and glass. 

2) Calomel electrode or Reference electrode: That produces a constant voltage is also 

required.  The electrode pair produces an electromotive force (emf or voltage) that is 

measured by a millivoltmeter.  The relation between emf and pH is governed by the 

Nernst equation: 

 



7 

 

When the both electrodes are dipped in aqueous solution under test, the potential is 

developed in the solution. That potential difference between both the glass electrode and the 

calomel electrode is measured by pH meter. 

 Equipment and reagents  

1. Glass electrode pH meter  

2. Standard buffer solutions: These may be of pH 4.0, 7.0 or 9.2 in pure water. To prepare 

buffer solution, in case of buffer tablets (available in the market) a single piece is 

dissolved in freshly prepared double distilled water and volume is made up to 100 ml. It 

is necessary to prepare a fresh buffer after every few days. In case a standard buffer is not 

available, a saturated solution of potassium hydrogen tartarate (AR) may be used which 

gives a pH of 3.56 at 250C. 

3. Beaker, glass rod and distilled water. 

Procedure 

1. Prepare Saturated paste as described in Exercise-1 

2. Allow the pH meter to warm for 10 minutes before recording the pH. 

3. Standardize the pH meter on two pH values (4.0 and 9.2) of known buffer solutions. 

4. Insert the pH electrode in to the paste and record representative pHs reading. 

5. Classify the soil pH and given your comments. 

 

 

Result 

Sample pH 

  

 

 

 

 

(Signature of the Teacher) 
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Exercise No. 3 

Determination of ECe of saturation extract 

 The water soluble salts in soils are generally determined by two type of soil water 

extracts, (i) saturation extract, (ii) 1:2 soil water extract. If EC of soil saturation extract is greater 

than 2 dSm-1 (or more than 1.0 dSm-1 in 1:2 soil water extract), the water extract should be 

retained for determination of soluble ions. The saturation extract considered more reliable 

because, it is directly related to the field moisture range. However, determination in saturation 

extract is time consuming, 1:2 soil water extract can be used for rapid determination.  

 In case, excess salts are present in soil, the plant growth in such soil is affected adversely, 

because excessive salts in soil solution cause high osmotic pressure which prevents absorption of 

moisture and nutrients by plants in adequate amounts. These soils are designated as salt affected 

soils. On the basis of nature and quantity of the salts present in soils may be classified as saline, 

alkali and saline-alkali.  

Measurement of Electrical Conductivity  

 Amount of soluble salts in a sample are estimated from EC of aqueous soil extracts. The 

instrument consists of an AC salt bridge or electrical resistance bridge and conductivity cell 

having electrodes coated with platinum black. The instrument is also available as an already 

calibrated assembly (solubridge) for giving the conductivity of solutions in millimhos per 

centimeter or deci Siemen per meter at 250 C. 

Principle 

 Total soluble salts are estimated from electrical conductivity (EC) of aqueous soil 

extracts. EC is a measure of the ability of a salt solution to carry electric current by the migration 

of ions under the influence of an electric field. Like metallic conductor, solutions also obey 

Ohm’s law. The unit of conductivity is dSm-1 which is the reciprocal of resistance in Ohm’s cm-

1. A simple wheatstone bridge circuit is used to measure EC by null method. The bridge consists 

of two known and fixed resistance R1, R2 one variable standard resistance R4 and the unknown 

R3. The variable resistance R4, adjusted until a minimum or zero current flows through the AC 

galvanometer. At equilibrium  
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Equipment/Apparatus 

(1) EC meter (2) Balance, (3) 100 ml plastic Beaker and (4) Glass rod. 

Reagents 

1. Standard 0.01 M KCl solution: Dissolve 0.7456 g potassium chloride (KCl) in distilled 

water and dilute to one liter. At 25oC it gives electrical conductivity 1.413 mmhos cm-1                

(dSm-1). The instrument is to be calibrated with this solution. 

 

Procedure 

 Obtain the saturation extract as described in Exercise-1. Calibrate the EC meter with 

0.01N KCl solution. The EC of this solution should be 1.413 dSm-1. Rinse and immerse the 

conductivity cell in saturation extract of given soil sample. Record the ECe of saturation extract. 

Classify the soil for EC and given your comments. Main characteristics of each group are given 

in Table.  

<0.8 dS/m - No deleterious effect on crop 

0.8-1.6 dS/m - Critical for salt sensitive crops 

1.6-2.5 dS/m - Critical for salt tolerant crops 

>2.5 dS/m - Injurious to most crops 

 The effects of salts on plants are more closely related to the equivalent of salts per million 

parts of solution than gravimetric weight units per million, some conversion formula and factors 

are:  

EC to Soluble salts  

Salts in milliequivalents per litre (m.e/l) = EC in mmhos/cm x 10 (approx.) 

Per cent salts in solution = 0.064 x EC mmlios/cm (dS/m) 

Conductivity to ppm  

 ppm= 0.64 x EC x 106 for irrigation water in the range 100 to 5000 micromhos/cm (EC in 

mhos x 103 = millimhos (dS/m) and x 106 = micromhos) 

 Result 

Sample pH EC dSm-1 

   

 

Questions 

1. Define electrical conductivity of soil. 

2. What do you measure on the electrical conductivity meter? 

3. What is the effect of temperature on electrical conductivity? 

4. What is the electrical conductivity of 0.01N KCl solution at 25oC? 

5. What is the need of measuring the soil salinity? 

6. What is major advantage of measuring conductivity of saturated paste extract? 

7. Find out the relationship between different units of electrical conductivity of soil. 

 

 

(Signature of the Teacher) 
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Exercise No. 4 

Determination of Water Soluble Ca, Mg, Na and K in Soil 

The method makes use of the chelating properties of EDTA (ethylene diamine tetraacetic acid or 

disodium salt of EDA or versenate). It forms soluble chelate with many divalent cations at different pH 

values. The end point of titration can be judged by using different indicators owing to speed, convenience 

and reliability. This method is widely used for the determination of calcium and magnesium ions when 

present in small quantities. 

Principle for Ca++ 

A known volume of the water sample is titrated with standard versenate (0.01 N EDTA) solution 

using murexide (ammoniumpurpurate) indicator in the presence of NaOH solution giving pH 12. At the 

end point, whole of calcium forms a complex with EDTA giving colour change from red to purple 

(violet). 

Principle for Ca+++ Mg++ 

A known volume of the water sample is titrated with standard versenate (0.0I N EDTA) solution 

using Eriochrome Black T (EBT) indicator in the presence of NH4Cl + NH4OH buffer to give pH at 10.0. 

At the end point, whole of Ca++ + Mg++ forms a complex with EDTA giving colour change from wine red 

to bluish green or sky blue. 

Reagents 

1. N EDTA solution: Dissolved 2 gm of EDTA and 0.05 gm of magnesium chloride hexahydrate in 

water and dilute to volume of 1 liter. Standardize it by 0.01 N CaCl2 solutions (0.5005 gm CaCO3 

+ 10 ml 0.2 N HCl / litre). 

2. Murexide (Ammonium purpurate) indicator: Mix 0.02 gm ammonium purpurate with 40 gm 

K2SO4 throughly. 

3. 4 N NaOH: Dissolve 160 gm NaOH in 1litre of distilled water. 

4. NH4OH – NH4Cl buffer solution: Dissolved 67.5 gm of NH4Cl in 570 ml of NH4OH and make 

it to one liter. 

5. EBT indicator: Dissolve 0.5 gm EBT and 4.5 gm hydroxylamine hydrochloride in 100 ml of 

95% ethanol. 

Procedure 

 Take 50 g soil, add 125 ml distilled water. Shake for 30 min. Filter it. Use this for water soluble 

Ca+2 and Mg+2 determination. 

(A) Determination of calcium 

1. Pipette out 10 ml of extract in a porcelain dish or conical flask. 

2. Add 1 ml of 4N NaOH and about 50 mg of ammonium purpurate powder and shake the contents 

well. 

3. Titrate this against std. 0.01N EDTA solution until the colour changes from red to purple (violet). 

4. Note down the burette reading. 

5. Repeat the titration at least three times. 

6. Calculate m.e./100g, ppm and percentage of Ca++ present in a given soil sample. 
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Observations 

1. Weight of soil taken   = ________g 

2. Vol. of extractant added  = ________ml 

 

Burette   :  Std. 0.01 N EDTA solution. 

Conical flask  :  10 ml aliquot in porcelain dish  

Indicator   :  Murexide powder 

End point   : Orange red to purple  

Reading table for Ca 

Sr. 

No. 

ml of 

aliquot 

taken 

Std. 0.01 N EDTA solution in burette (ml) 

Indicator 
Colour 

change Initial Final Difference Mean 

1 10    
X=   

 
Murexide 

Red to 

Purple violet 
2 10    

3 10    

 

Calculations for Ca++ 

Let  X = __________ ml of 0.01 N EDTA be required for titration. 

1. Ca++ (m.e./100g soil) = Reading x Normality of EDTA x 100 

               ml of aliquot x soil wt.(g) 

  

     =__________________ 

 

(2) Ca++ ppm = m.e./100g of Ca++ x Eq. wt of Ca++ x 10 

= _________x 20 

=___________ 

(3)  Ca (%)  = ppm of Ca++ 

       10,000 

   =____________ 

Burette   :  Std. 0.01 N EDTA solution. 
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(B) Determination of calcium + magnesium 

1. Pipette out 10 ml of extract in a porcelain dish or conical flask. 

2. Add. 1 ml of ammonium hydroxide-ammonium chloride buffer and 3-4 drops of EBT indicator. 

3. Titrate this against std. 0.01N EDTA solution until the colour changes form wine red to sky blue. 

4. Note down the burette reading. 

5. Repeat the titration at least three times. 

6. Calculate m.e./100g, ppm and percentage of Mg++ present in a given soil sample. 

Potassium and sodium 

Principle 

 When the element like K and Na are subjected to the flame through atomization from their 

solutions, these produce radiations having characteristics wavelength. The intensity of this radiation is 

proportional to the concentration of the element in the solution being atomized quantitatively determine 

the element. 

Apparatus 

1. Electric shaker  2. Filter paper  3. Flame photometer  

4. Funnel   5. Conical flask  6. Chemical balance 

Preparation of standard curve 

Draw the standard curve for K and Na concentration VIS flame photometer readings and find out 

the graph factor (A) and (B) from the curve. For this purpose, use 100 ppm K (0.1907g KCl/litre) and Na 

(0.2541g NaCl/litre) solutions. 

Procedure  

1. Take 100g soil in a plastic bottle 

2. Add 250 ml of distilled water and shake for an hour on a electric shaker. 

3. Filter the content through a Whatman filter paper No.1. 

4. Set up flame photometer to 0 scale reading by atomizing distilled water and to 100 by atomizing 

100 ppm K /Na solution alternatively. Atomize the unknown solution through the flame and 

record galvanometer reading. From a standard curve of known K / Na concentrations, find out 

the graph factor A for K and B for Na. 

5. Feed the filtrate to the flame photometer for K and Na and note the  

readings. 

6. Calculate the amount of K and Na in the sample 

 

 

Result 

Cation Parentage m.e./100g soil  

Ca++   

Mg++   

Na++   

K+   

 

 

(Signature of the Teacher) 
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Conical Flask  :  10 ml aliquot in porcelain dish  

Indicator   :  EBT 

End point   : From wine red to bright blue  

Reading table for Ca & Mg 

Sr. 

No. 

ml of 

aliquot 

taken 

Std. 0.01 N EDTA solution in burette (ml) Indicator 
Colour 

change 

Initial Final Difference Mean 
Eriochrome 

Black T 

(EBT) 

Wine red to 

Bluish green 

or sky blue 

1 10    
Y= 

 
2 10    

3 10    

 

Calculations for Mg++ 

Let Y  =_________ml of 0.01 N EDTA be required for titration for Ca+++ Mg++ 

(Y-X)  =_________ ml of 0.01 N EDTA is required for titration of Mg++ only. 

 

(1) Mg++ (m.e./100g soil)  = Reading X Normality of EDTA x 100 

ml of aliquot x soil wt. (g) 

    = ______________  

(2) Mg++ ppm   = m.e./100g soil of Mg++ x Eq.wt. of Mg++ X 10 

   = _________x 12 

   = __________ 

(3)  Mg++ (%)    = ppm of Mg++ 

    10000 

       =___________ 

       =___________ 
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Calculations for Na++ and K+ 

Observations: 

1. Weight of soil taken     = _________ g 

2. Volume of distilled water added    = __________ ml 

3. Sample reading on flame photometer for K  =___________ 

4. Sample reading on flame photometer for Na  =___________ 

5. ppm K from standard curve (A)    =___________ 

6. ppm Na from standard curve (B)    =___________ 

Calculations: 

(A)  1. ppm K in soil  =A x 125  x Reading  

                                             50     

   =_____________. 

      2. ppm K2O in soil = ppm K x 1.20 

   =_____________. 

   =_____________. 

                  3. lb of K2O / acre  = ppm K2O x 2  

   =_____________. 

   =_____________. 

        4. kg of K2O / ha.  =  ppm K2O x 2.24 

   =_____________. 

    =_____________. 

(B)  1. ppm Na in soil  =B x 125 x Reading  

              50 

   =_____________. 

 

2. Na of lb/ acre  = _____________. 

   =_____________. 

        3. Na of kg/ ha.  = _____________. 

    =_____________. 
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Exercise No. 5 

Estimation of Exchangeable Cations (Ca++, Mg++, Na+ and K+) 

 

(A) Exchangeable Ca++ and Mg++ 

 Exchangeable Ca and Mg are normally determined in ammonium acetate extracts of soils 

by direct titration with EDTA. The presence of ammonium acetate does not interfere with the 

titration if this is carried out by the procedure suggested by Hesse (1971). The amount of organic 

matter dissolved is usually too small to affect the colour change of the indicator. 

 

Reagents 

1.    Ammonium acetate (NH4OAC) 1N pH 7.0: To 700 ml distilled water add 57 ml 99.5 % 

glacial acetic acid (CH3COOH) and then 69 ml of concentrated ammonium hydroxide 

(NH4OH). Dilute to a volume of 900 ml and adjust pH to 7.0 by addition of more of 3 N 

NH4OH or 3 N CH3COOH and make up to 1 litre. Store in pyrex or polypropylene bottle.             

      OR 

 Dissolve 154 g ammonium acetate in water and dilute to 1.8 litres. Mix thoroughly. Adjust 

pH to 7.0 with dilute NH4OH or HOAC as required and make to 2 litres. 

2.   Other reagents as per estimation of Ca and Mg from saturation extract (water soluble Ca and 

Mg). 

 

Procedure:  

(I) Determination of Ca and Mg in the NH4OAC Extract 

1. Place 5 g soil in a 150 ml Erlenmeyer flask (conical flask). 

2. Pour in 25 ml of neutral normal ammonium acetate (pH 7.0). 

3. Shake on a reciprocating shaker (180 + oscillations/min) for 5 minutes. 

4. And immediately filter through Whatman No. 1 filter paper. 

5. First few ml of the filtrate may be rejected. 

For Ca: 

1. Pipette out 10 ml of water sample in a porcelain dish or conical flask. 

2. Add 1 ml of 4N NaOH and about 50 mg of ammonium purpurate powder and shake the 

contents well. 

3. Titrate this against std. 0.01N EDTA solution until the colour changes from red to violet. 

2. Note down the burette reading. 

3. Repeat the titration at least three times. 

4. Calculate the amount of Ca2+ present in a given water sample. 
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For Ca + Mg: 

1. Pipette out 10 ml of water sample in a porcelain dish or conical flask. 

2. Add 1 ml of buffer solution and 3-4 drops of EBT indicator. 

3. Titrate this against std. 0.01N EDTA solution until the colour changes form wine red to 

sky blue/green. 

4. Note down the burette reading. 

5. Repeat the titration at least three times. 

6. Calculate the amount of Mg2+ present in a given water sample. 

COMMENTS AND SUGGESTIONS ON Ca AND Mg: 

1. Ammonium acetate method is suitable for nearly neutral and non-calcareous soils. 

2. Since Ca and Mg carbonates dissolve to a large extent in ammonium acetate at pH 7.0, 

the contents of these cations are over estimated in calcareous soils. 

3. Exchangeable Ca and Mg in saline and calcareous soils can be estimated by lithium 

chloride acetate method (Yaalon, 1962; Dewis and Freitas, 1984) with extraction at pH 

8.2 but can be used on all types of soils by adjusting pH of the saturated and replacing 

solutions. The use of pH 8.2 solutions can be restricted to soils having pH values (1:5 w/v 

in water) of 7.8 and above, while pH 7.0 solutions for soils upto pH 7.5. 

4. Neutral salt solutions other than ammonium acetate or dilute/weak acids can also be tried 

equally well. 

5. Exchangeable Ca and Mg determination after extraction on Buechner funnel filtration 

(Knudsen et al., 1982) or leaching columns (Hesse, 1971) is recommended only when 

simultaneously CEC has also to be estimated. 

6. Use versanate method to determine Ca and Mg separately. 

7. Take extreme care in the handling of potassium cyanide. Discard all solutions containing 

it immediately after one batch of analysis is over and wash all apparatus thoroughly. 

Flush the drain thoroughly and don’t allow acid to come in contact with the cyanide 

solution (Dewis and Fruitos, 1984). 

8. Add hydroxylamine-hydrochloride to reduce iron and manganese interference in the 

determination of Ca and Mg. Add excess potassium ferrocyanide to precipitate 

manganese ferrocyanide. Addition of hydroxylamine hydrochloride, potassium cyanide 

and potassium ferrocyanide may not always be necessary but it advisable to include them 

as precautionary measure.  

9. Murexide powder can be used in place of calcon. Mix 0.2 g murexide with 40 g dry 

potassium sulphate and store it in a dark bottle, away from light. However, calcon is 

preferred to murexide. 

10. To obtain reproducible values, one reference as well as block is included in a block of 50 

samples, if the analysis is carried out using atomic absorption spectrophotometer. 

11. In case of EDTA titration, it is necessary to employ one blank as well as one reference in 

a batch of 20-25 samples. The precision of EDTA titration is ± 3 % (Hesse, 1971). 
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(B) Na and K ions (By Flame Photometer) 

 (II) Exchangeable Na and K ions 

A. Exchangeable Na: 

Principle 

 Soil is shaken with neutral normal ammonium acetate. During the extraction, ammonium 

ions replace sodium ions adsorbed on soil colloids. The extract is filtered and sodium is 

determined with flame photometer. 

Apparatus 

 Electric shaker  Flame photometer  Conical flask 

 Filter papers  Funnel with tube  
 

Reagents 

1. Normal neutral ammonium acetate solution: Dissolve 77 g of ammonium acetate 

(CH3COONH4) in 1 litre of distilled water. Test with bromthymol blue or with a pH meter. If 

not neutral, add either ammonium hydroxide or acetic acid to neutralize it to pH 7.0. 

Alternatively dilute 108 ml concentrated ammonium hydroxide (sp. gr. 0.88) to 1 litre and 

dilute 115 ml glacial acetic acid (sp. gr. 1.06) to 1 litre and mix the two. Adjust pH to 7.0. 

2. Stock standard solution of sodium: 4.338 g of dry NaCl (AR) is dissolved in 1 litre of 

distilled water. This gives a solution containing 40 meq of Na/l. 

3. Working standards: Dilute 5, 12.5, 25 and 50 ml of the stock standard to 500 ml in 

volumetric flask to get 0.4, 1, 2 and 4 me/l of Na working standard. For zero use distilled 

water. 

 

Procedure 

1. Place 5 g soil in a 150 ml conical flask. 

2. Add 25 ml ammonium acetate solution. 

3. Shake them for 5 minutes on an electric shaker. 

4. And immediately filter through Whatman No. 1 filter paper. 

5. Feed the filtrate to the flame photometer and note the reading K 

 The term available potassium (K) conventionally refers to exchangeable + water soluble 

K. Exchangeable is normally determined in ammonium acetate extracts of soils by using a flame 

photometer. 

 

B. Exchangeable K+ 

Principle 

 Soil is shaken with neutral normal ammonium acetate. During the extraction ammonium 

ions replace potassium ions adsorbed on the soil colloids. 

(Colloid)K+ + CH3COONH4 ↔ (Colloid) NH4
+ + CH3COOK 

 Being the almost similar ionic radii, K+ is more effectively replaced by NH4
+. The extract 

is then filtered and potassium is determined with flame photometer. 
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Calculation 

 

(Ii) Exchangeable Cations 

 

 Ca or (Ca+Mg) =  R x N x Volume/Soil x 100/Aliquot 

 me/100 g =  R x N x 100/5 x 100/10 

  =  R x 0.02 x 100/5 x 100/10  

  =  R x 4 

 

 Mg me/100 g =  (Ca+Mg) me/100 g - Ca me/100 g 

 

 Na or K me/100 g =  GR x Volume/Soil x Dilution x 100/1000 

  =  GR x100/5 x 100/10 x 100/1000  

  =  GR x 20 

 

(III) Actual Exchangeable Cations 

 

 Ca, Mg, Na, K =  Exchangeable   -     Water soluble 

     me/100 g             me/100 g           me/100 g 
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Apparatus 

 Electric shaker  Flame photometer  Conical flask 

 Filter papers  Funnel with tube  

 

Reagents 

1. Normal neutral ammonium acetate solution: Dissolve 77 g of ammonium acetate 

(CH3COONH4) in 1 litre of distilled water. Test with bromthymol blue or with a pH meter. If 

not neutral, add either ammonium hydroxide or acetic acid to neutralize it to pH 7.0. 

Alternatively dilute 108 ml concentrated ammonium hydroxide (sp. gr. 0.88) to 1 litre and 

dilute 115 ml glacial acetic acid (sp. gr. 1.06) to 1 litre and mix the two. Adjust pH to 7.0. 

2. Standard potassium solution: Dissolve 1.907 g pure KCl in 1 litre distilled water. This 

solution contains 1 mg K /ml i.e. 1000 ppm K. Alternatively for 1000 ppm K2O, 1.5851 g 

pure dry KCl can be dissolved in 1 litre distilled water. Preserve this solution as a standard 

stock solution of potassium. 

3. Working solutions: Take 100 ml stock solution containing 1000 ppm K2O in 1 litre 

volumetric flask and make the volume. This solution contains 100 ppm K2O. 
 

Standard Curve 

 Take 0, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 ml of the working solution containing 

100 ppm K2O separately in 100 ml volumetric flasks and make the volume with the normal 

ammonium acetate solution. Add few drops of butyl alcohol to each to improve spraying 

propertied of the solutions. These solutions contain 0, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 

ppm K2O, respectively. Read different concentration solution of K in flame photometer and 

obtain the standard curve by plotting the reading against the different concentrations of K or 

make convenient table. 

Procedure 

1. Place 5 g soil in a 150 ml conical flask. 

2. Add 25 ml ammonium acetate solution. 

3. Shake them for 5 minutes on an electric shaker. 

4. And immediately filter through Whatman No. 1 filter paper. 

5. Feed the filtrate to the flame photometer and note the reading. 

 

 

(Signature of the Teacher) 
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OBSERVATIONS AND CALCULATION: 

SAMPLE 

NO. 

GR AS PER SCHOONOVER 

METHOD 

GR AS PER MODIFIED 

SCHOONOVER METHOD 

Reading Difference Reading Difference 

Blank 

1 

2 

3 

4 

14.65 

14.05 

14.00 

11.65 

14.30 

- 

0.60 

0.65 

3.00 

0.35 

14.65 

13.60 

13.70 

11.45 

14.35 

- 

1.05 

0.95 

3.20 

0.30 

 

1N 1 litre EDTA =  86 g CaSO4.2H2O (gypsum) 

0.01N 1 ml EDTA =  0.01 me = 0.86 mg gypsum 

% GR =  Difference x (0.86/1000) x (100/5) x (100/5) 

ppm GR =  Difference x (0.86/1000) x (100/5) x (100/5) x 10,000 

kg/ha GR =  Difference x (0.86/1000) x (100/5) x (100/5) x 10,000 x 2.24 

t/ha GR =  Difference x 7.7 

GR meq/100 g            =  (Ca conc. of added gypsum solution in meq/l – Ca + Mg conc.   of 

filtrate in meq/l) x 2 
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Exercise No. 6 

Gypsum Requirement of Alkali Soil (Schoonover method) 

Principle 

 Reclamation of Na-affected soil usually involves replacement of exchangeable Na with 

Ca. This Ca may originally from the saturation of Ca containing mineral in the soil. Such 

amendment is gypsum and CaCl2. 

 Reclamation of sodic soil or alkali soil of which pH in water suspension 8.5 require 

removal of part of the most of exchangeable Na and its replacement by Ca. The required amount 

of soluble Ca can be added by using amendment like gypsum which containing about 70 to 80 % 

CaSO4. The amount of gypsum requires replacing Na ion from exchange complex is called 

gypsum requirement. 

Na[Exchange complex] + CaSO4 → Ca[Exchange complex] + Na2SO4↓ leached 

 Na2SO4 is leached out by flooding. GR determine by adding known excess of saturated 

gypsum solution to the soil and estimating its unread amount by EDTA or versenate titration. 

 

APPARATUS 

 Mechanical shaker 

 50 ml beaker 

 100 ml pipette 

 

REAGENTS 

1. Saturated gypsum solution: Shake 5 g CaSO4 with 1 litre of distilled water for 10 

minutes on mechanical shaker and filtered (28 to 30 me Ca/l). 

2. Buffer solution for 10 pH: Dissolve 67.5 g NH4Cl in 570 ml NH4OH and dilute to 1 

litre. 

3. Erichrome Black-T (EBT): Dissolve 0.5 g EBT and 4.5 g hydroxylamine hydrochloride 

in 100 ml of 95 % ethanol. 

4. Standard CaCl2 solution 0.01 N: Dissolve 0.5 g pure CaCO3 in 10 ml of 3 N HCl and 

dilute to 1 litre. 

5. EDTA solution 0.01 N: Dissolve 2 g EDTA and 0.05 g MgCl2 in 900 ml water and 

standardize with 0.01 N CaCl2 solutions. 
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PROCEDURE 

1. Take 5 g air dried soil into 250 ml conical flask and add 100 ml saturated gypsum 

solution with volumetric pipette. Stop the bottle. 

2. Shake for 5 minutes on mechanical shaker or 30 minutes on rotary shaker and filter it.  

3. Pipette out 5 ml of soil extract into 100 ml conical flask and dilute to 25 ml distilled 

water.  

4. Add 0.5 ml buffer solution, 3-4 drops of EBT indicator and titrate with 0.01 N 

standards EDTA solution until the colour change from wine red to blue. 

5. Titrate similarly 5 ml of saturated gypsum solution. 

6. In the modified method of GR, Abrol et al. (1975) suggested washing with alcohol 

before adding gypsum saturation solution. Remaining procedure is same. 

 

 

 

(Signature of the Teacher) 
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Observation: 

1. pH of soil-buffer suspension                                         =___________ 

2.  Lime requirement (t/ha), to raise pH 6.0                      =___________(t/ha) 

3.  Lime requirement (t/ha), to raise pH 6.4                      =___________(t/ha) 

4.  Lime requirement (t/ha), to raise pH 6.8           =___________(t/ha) 

 

Lime requirement for different pH targets 

Measured pH of soil-buffer 

suspension 

Lime requirement in tones/ha of pure CaCO3 for achieving 

different soil pH targets 

pH 6.0 pH 6.4 pH 6.8 

6.7 2.43 2.92 3.40 

6.6 3.40 4.13 4.62 

6.5 4.37 5.35 6.07 

6.4 5.59 6.56 7.53 

6.3 6.56 7.78 8.99 

6.2 7.53 8.99 10.21 

6.1 8.50 10.21 11.66 

6.0 9.48 11.42 13.12 

5.9 10.69 12.64 14.58 

5.8 11.66 13.85 15.79 

5.7 12.64 15.07 17.25 

5.6 13.61 16.28 18.71 

5.5 14.58 17.50 20.17 

5.4 15.79 18.71 21.63 

5.3 16.77 19.93 22.84 

5.2 17.98 20.90 24.30 

5.1 18.95 22.11 25.76 

5.0 19.93 23.33 27.22 

4.9 20.99 24.54 28.67 

4.8 22.11 25.76 30.13 
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Exercise No. 7 

Determination of Lime Requirement of Soil (Shoemaker method) 

 
Principle:  

 By way of replacement of H+ and Al3+ ions, the Ca2+ ions raise the percentage of base 

saturation, which leads to a corresponding rise in soil pH. The widely followed method for 

determination of lime requirement of soil (pH <6.0) is that given by Shoemaker et al. (1961) 

which is described below. 

Apparatus/Instrument 

1. pH meter,     2. 5 ml and 10 ml pipette,    3. 50 ml beaker 

 

Reagent: 

1. Extractant buffer solution: Dissolve 1.8g of nitrophenol, 2.5ml of triethanolamine, 3.0g of 

potassium chromate (K2CrO4), 2.0g of calcium acetate and 53.1g of calcium chloride 

dihydrate in one litre of distilled water and adjust the pH to 7.5 using dilute NaOH. 

2. pH buffer solution: Solution of pH 4.0, 7.0 and 9.2 for standardization of pH meter. 

 

Procedure: 

1. Weight 5g of air dry soil sample in 50ml beaker. 

2. Add 5 ml of distilled water and 10ml of extractant buffer solution. 

3. Stir continuously for 10 minutes or intermittently 20 minutes with glass rod. 

4. Measure the pH of soil-buffer suspension on a pH meter after standardizing with known 

pH buffer solutions. 

5. Against the measured pH, find out the amount of lime required to bring the soil pH to a 

desired level (e.g. 6.0, 6.4 or 6.8) as given in table. Make necessary correction to get the 

value of agricultural lime based on purity percentage.    

 

 

 

 

(Signature of the teacher) 
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Observation: 

1. Soil sample weight                  = 5gm 

2. Volume of 1 N HCl added     = 100ml 

3. 1 N NaOH required for 10 ml aliquot   

Sample reading      1. _______________     ml 

                         2. _______________     ml  

                        3. _______________     ml  

                        4.  Average = ___________     ml for sample 

                         5.  Blank reading = _______ ml  

 

Calculation: 

 

% CaCO3  =        (B-S) x N of NaOH x Eq. wt. of CaCO3 x 1000 x 100 

                                    10 x 10000 x 5 

            =          (B-S) x 1 x 50 x 1000 x 100 

                     10 x 10000 x 5 

            =            (B-S) x 10 
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Exercise No. 8 

Determination of lime reserve in soil 

Principle: A measure quantity of standard acid is added in soil. This acid is utilized for neutralizing 

the lime. The excess of acid is titrated with alkali. The amount of acid utilized for neutralizing the lime is 

equivalent to content of lime in soil. 

Chemical reaction:  

 CaCO3 + 2HCl ----------> CaCl2 + H2O + CO2 

 HCl + NaOH     ----------> NaCl + H2O 

 

Reagents: 

1. 1 N HCl: Take 84.8 ml conc. HCL, dissolve it in distilled water and make final volume 1 liter with 

distilled water. 

2. 1 N NaOH: Take 40 gm AR grade NaOH, dissolve it in distilled water and make final volume 1 liter 

with distilled water. 

3. Phenolphthalein indicator: Dissolve 0.5 g of phenolphthalein in 50 ml of 95% ethanol and add 50 ml 

of dist. water. 

Apparatus: 

1. Mechanical shaker 

2. 250 ml conical flask 

3. Filter stand with funnel 

4. 10 ml pipette 

 

Procedure: 

1. Weigh accurately 5 g of soil and transfer it into a dry 250 ml conical flask 

2. Add 100 ml 1 N HCL and shake for 10 minutes on mechanical shaker. 

3. Filter through filter paper No. 1 and collect the filtrate. 

4. Take 10 ml aliquot in conical flaks and titrate it with 1 N NaOH using phenolphthalein as an 

indicator till pink color appears. 

5. Carry out blank without taking the Soil. 

6. Calculate CaCO3 in soil. 
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Measurement of Water Quality 

 

Irrigation Water Quality Criteria 

1. Salinity hazard:  

Conductivity 

(dS/m) 
Class Inference 

0.00 –0.25 Low 

salinity 

(C1) 

(i)  Can be used for most soil for most crops 

(ii) Little likelihood of salinity 

0.25 – 0.75 Medium 

salinity 

(C2) 

(i)  Can be used with moderate leaching 

(ii)  Moderate salt tolerant crops should be grown 

0.75 – 2.25 High 

salinity 

(C3) 

(i)  Cannot be used where drainage is restricted 

(ii)  Salt tolerant plant and additional manage-ment practices 

should be followed 

2.25 – 5.00 Very high 

salinity 

(C4) 

(i)  Not suitable for irrigation 

(ii)  Can be used occasionally with leaching 

(iii) Salt tolerant crop should be grown with additional 

management practices 

 

 2. Alkali hazard:   

Sodium Adsorption Ratio (SAR)  SAR = 

Na 

  Ca + Mg 

2 

 

 

SAR  Class Symbol Inference 

0 – 10 
Low Na 

water 
S1 

(i)  Can be used for all soils with little danger of harmful 

Na level development 

(ii)  The Na sensitive crops are affected 

10 –18 
Medium Na 

water 
S2 

(i)  Sodium hazard likely in fine textured soil 

(ii)  Can be used on soils having high permeability 

18– 26 
High Na 

water 
S3 

(i)  May produce harmful level of exchangeable Na in 

most soils except gypsiferous soils 

(ii)  Requires special management practice like good 

drainage, high leaching and addition of organic matter 

and gypsum 

> 26 
Very high 

Na water 
S4 

(i)  Unsatisfactory for irrigation except at low and 

perhaps medium salinity of irrigation water, special 

management as above should be made 
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 3. Bicarbonate hazard: RSC   =   (CO3
2- + HCO3

-)   -   (Ca2+ + Mg2+) 

RSC (meq/lit) Quality of irrigation water 

Less than 1.25 Probably safe for most purpose 

1.25 – 2.50 
Marginal can be used on light textured soil with adequate 

leaching and application of gypsum 

More than 2.50 Not suitable for irrigation purposes 

 

4. Chloride hazards 

Chloride (meq/lit) Class 

0 – 4 Excellent 

4 – 7 Good 

7 – 12 Permissible 

12- 20 Doubtful 

More than 20 Unsafe 
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Exercise No. 9 

Determination of EC and pH of Irrigation Water 
 
EC 

Total soluble salts are estimated from electrical conductivity (EC) of water. EC is a 

measure of the ability of a salt solution to carry electric current by the migration of ions under 

the influence of an electric field. Like metallic conductor, solutions also obey Ohm’s law. The 

unit of conductivity is dS/m which is the reciprocal of resistance in Ohm’s/cm. 

pH 

The pH is a measure of H+ ion activity of the sample solution. It indicates whether the sample 

is acidic, neutral or alkaline in reaction. pH meter works on the principle as mentioned in Nernst 

equation. It consists of two electrodes.  

(1) Glass electrode or Indicator electrode and  

(2) Calomel electrode or Reference electrode. When the both electrodes are dipped in 

aqueous solution under test, the potential is developed in the solution. That potential difference 

between both the glass electrode and the calomel electrode is measured by pH meter. 

 

Apparatus/Instruments 

(1) EC meter with cell, (2) pH meter with electrodes, (3) 100 ml Beaker  

Reagents 

1. Standard 0.01M KCl solution: Dissolve 0.7456g potassium chloride (KCl) in distilled water 

and dilute to one litre. At 25oC it gives electrical conductivity 1.413 dS/m. The instrument is to 

be calibrated with this solution. 

2. Buffer solutions: pH 4.0, 7.0 and 9.2. 

 

Procedure 

For EC 

1. Calibrate the instrument using standard KCl (1.41 dS/m) solution. 

2. Rinse and immerse the cell in water sample and measure EC of given water sample. 
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For pH  

1. Immerse the electrodes in known standard buffer solution. See that the electrodes do not 

touch the wall of the beaker. 

2. With the help of the knob, adjust the instrument reading at known pH of the buffer solution. 

3. The buffer is then removed and the electrodes are carefully washed with distilled water. 

4. Immerse the electrodes in a beaker containing water sample and measure the pH. 

5. Remove the electrodes from the soil – water suspension, clean them with distilled water and 

then dip into a beaker containing distilled water. 

6. Classify the soil for EC and pH and given your comments. 

  

Result 

Sample EC dSm-1 pH 

1   

2   

 

Inference  

 

          (Signature of the Teacher) 
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Exercise No. 10 

Determination of Ca, Mg and Na from Irrigation Water 

The method makes use of the chelating properties of EDTA (ethylene diamine tetraacetic 

acid or disodium salt of EDTA or versenate). It forms soluble chelate with many divalent cations 

at different pH values. The end point of titration can be judged by using different indicators. 

Owing to speed, convenience and reliability this method is widely used for the determination of 

calcium and magnesium ions when present in small quantities. 

 

Principle (for Ca++): 

A known volume of the water sample is titrated with standard versenate (0.01N EDTA) 

solution using murexide (ammonium purpurate) indicator in the presence of NaOH solution 

giving pH 12. At the end point, whole of calcium forms a complex with EDTA giving colour 

change from red to purple (violet). 

 

Principle for (Ca+++ Mg++): 

A known volume of the water sample is titrated with standard versenate (0.0IN EDTA) 

solution using Eriochrome Black T (EBT) indicator in the presence of NH4Cl + NH4OH buffer to 

give pH at 10.0. At the end point, whole of Ca++ + Mg++ forms a complex with EDTA giving 

colour change from wine red to bluish green or sky blue. 

 Mg solution can be treated with 0.01 N EDTA solution using Erichrome Black-T as 

indicator at pH 10.0 in the presence of ammonium chloride and ammonium hydroxide buffer. 

The end point is the change of colour from wine red to blue or green. If Ca is also present this 

titration will estimate Ca and Mg beyond pH 10 is not bound strongly Erichrome black-T to give 

a distinct end point 

 

Chemical reaction  

  

 NaOOC-CH2 CH2-COONa 

  N – CH2 – CH2 – N 

 OOC-CH2 Ca CH2-COO 

 

 

Apparatus: 

1. 150ml conical flask or porcelain dish,   2. Burette,    3. 10ml pipette. 
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Reagents: 

1. 0.01 N EDTA solutions: Dissolved 2 gm of EDTA and 0.05 gm of Magnesium chloride 

hexahydrate in water and dilute to volume of 1 liter. Standardize it by 0.01 N CaCl2 solution 

(0.5005 gm CaCO3 + 10 ml 0.2 N HCl / litre). 

2. Murexide (Ammonium purpurate) indicator: Mix 0.02 gm ammonium purpurate with 40 

gm K2SO4 thoroughly by grinding in mortar and pestle. 

3. 4 N NaOH: Dissolve 160 gm NaOH in 1litre of distilled water. 

4. Buffer solution: Dissolved 67.5 gm of NH4Cl in 570 ml of NH4OH and make it to one liter. 

5. EBT indicator: Dissolved 0.5 gm EBT and 4.5 gm hydroxylamine hydrochloride in 100 ml 

of 95% ethanol. 

 

Procedure 

 (A) Determination of calcium 

1. Pipette out 10ml of water sample in a porcelain dish. 

2. Add 1 ml of 4N NaOH and about 50 mg of ammonium purpurate powder and shake the 

contents well. 

3. Titrate this against std. 0.01N EDTA solution until the colour changes from red to purple 

(violet). 

4. Note down the burette reading. 

5. Repeat the titration at least three times. 

6. Calculate the amount of Ca2+ present in a given water sample. 

(B) Determination of calcium + magnesium 

1. Pipette out 10ml of water sample in a porcelain dish or conical flask. 

2. Add. 1ml of buffer solution and 3-4 drops of EBT indicator. 

3. Titrate this against std. 0.01N EDTA solution until the colour changes form wine red to sky 

blue. 

4. Note down the burette reading. 

5. Repeat the titration at least three times. 

6. Calculate the amount of Mg2+ present in a given water sample. 
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Observation 

Reading table for Ca++ 

Sr. No. 
ml of aliquot 

taken 

Std. 0.01 N EDTA solution in burette (ml) 

Initial Final Difference 

 Pilot    

1 10    

2 10    

3 10    

  Mean…… X= 

 

Reading table for Mg++ 

Sr. No. 
ml of aliquot 

taken 

Std. 0.01 N EDTA solution in burette (ml) 

Initial Final Difference 

 Pilot    

1 10    

2 10    

3 10    

  Mean…… Y= 

 

Calculations for Ca2+ 

Let X=________ml of 0.01 N EDTA be required for titration  

 

Ca2+ (m.e./l) = Reading (X) X Normality of EDTA x 1000 

                                                ml of sample 

    = ______________  

 

Ca2+ (mg/l) = Reading (X) X Nof EDTA x 20 (eq. wt of Ca2+) x 1000    

                                                ml of sample 

    = ______________  
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Destruction of Nh4
+ Salt 

1. To facilitate the rising of solution pH up to 12. 

2. The sharpness of the end point is greatly reduced by large concentration of salts which 

may be avoided. 

 Murexide ammonium perpurate forms an orange red complex with Ca at pH 12.0 which 

is converted to a red violet when the Ca ions are completely complexes by versenate. 

Note: The Erichrome black-T dye gives a wine red colour complex with Mg but change to blue 

green when all the Mg ions have been removed by the versenate. The formation of Mg complex 

is optimum at pH 10 in the presence of NH4Cl and NH4OH. 

 The Ca is complexes by versenate before the Mg and therefore the titration value gives 

total Ca + Mg. 

 Ions which would interfere Co, Cu, Ni which formed complex with the indicator (not 

decomposed by the versenate titration) which precipitates the dye and if the latter is added before 

the solution is made alkaline and observe the end point if presence in large amounts. 

 Mn which is present as MnO2 cause flooding of the dye and an indistinct end point. 

DESTRUCTION OF NH4
+ SALT 

 To facilitate the rising of solution pH upto 12. 

 The sharpness of the end point is greatly reduced by large concentration of salts which 

may be avoided. 

 Murexide ammonium perpurate forms an orange red complex with Ca at pH 12.0 which 

is converted to a red violet when the Ca ions are completely complexed by versenate. 

PRECAUTION 

 Removal of interfering ions Cu, Co, Ni complexed by NaCN. Fe, Mn, Cu removed by the 

carbamate.  

 The hydroxylamine keeps any traces of Mn in divalent form - means inhibit oxidation of 

Mn. 
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Calculations for Mg++ 

1. Let Y=________ml of 0.01 N EDTA be required for titration for Ca2++ Mg2+ 

2. (Y-X)=_________ ml of 0.01 N EDTA is required for titration of Mg++ only. 

 

(1) Mg2+ (m.e./l) = Reading (Y-X) X Normality of EDTA x 1000 

                                                ml of aliquot  

    = ______________  

(2) Mg2+ (mg/l) = Reading (Y-X) X Normality of EDTA x 12 x 1000 

                                                ml of aliquot  

    = ______________  

 

Preparation of standard curve: 

Follow the similar procedure as calibration of K and draw the standard curve for Na 

concentration vis flame photometer readings and find out the graph factor (A) from the curve. 

For this purpose, use 100 mg Na/l (0.2541g NaCl/litre) solutions. 

Observations: 

1. Sample reading on flame photometer for Na (R)   =___________ 

2. Equivalent weight of Na                                         =___________ 

3. Graph factor (for each 1 mg Na/kg) (GF)               =___________ 

 

Calculations: 

  1. Na in sample (mg/l)  = R x GF  

              =_____________. 

2. Na in sample (me/l) = R x GF   

                                                                       23                                                              

                = _____________.  
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(I) Water Soluble Na And K Ions 

Principle 

 Flame photometry is a quantitative refinement of the old flame test used for the 

quantitative identification of metals. The alkali and alkaline earth metals are excited to spectral 

emission in propane, acetylene or natural gas flame. The intensity of the appropriate spectral line 

is measured with a phototube circuit, and the results are converted by means of a calibration 

curve. 

Apparatus 

 Flame photometer with Na and K filters. 

Reagents 

1. Stock standard solution of sodium: 4.338 g of dry NaCl (AR) is dissolved in 1 litre of 

distilled water. This gives a solution containing 40 meq of Na/l. 

2. Working standards: Dilute 5, 12.5, 25 and 50 ml of the stock standard to 500 ml in 

volumetric flask to get 0.4, 1, 2 and 4 me/l of Na working standard. For zero use distilled 

water. 

3. Standard solution for K : A stock solution of 1000 mg K/l is made by dissolving 1.90 g of 

AR grade potassium chloride (dried at 600C for 1 hour) in distilled water and make up 

volume 1 litre. Prepare working standards of 0, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 

ppm solutions from stock solution. 

Procedure 

1. Take water sample/ aliquot in beaker. 

2. Record reading on flame photometer using appropriate filter for Na and K. 

 

 

 

 

 

(Signature of the teacher) 
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Observations and Calculation 

Observations  

Reading table for CO3
2- and HCO3

- 

Sr. No. 

Aliquot 

taken  

0.01 N H2SO4 in Burette 

Reading with phenolphthalein- CO3
2- Reading with methyl orange- HCO3

- 

Initial 

(ml) 

Final 

(ml) 
Difference (ml) 

Initial 

(ml) 

Final 

(ml) 
Difference (ml) 

Pilot        

1 10 ml       

2 10 ml       

3 10 ml       

  Mean (ml)….. X= Mean (ml)….. Y= 

 

Color change: 

Phenolphthalein: CO3
2- : Pink to colourless 

Methyl orange: HCO3
- : Yellow/orange to rosy red 

Reading table for Cl- 

Sr. No. 
Reading with potassium chromate, 0.02 N AgNO3 in Burette 

Initial (ml) Final (ml) Difference (ml) 

Pilot    

1    

2    

3    

 Mean (ml)……. Z= 

Color change: 

Potassium chromate:  yellow color to chocolate red 

CALCULATION 

1. Let X=______ml of 0.01N H2SO4 be required to neutralize half the amount of CO3
2- present 

in 10ml of the water sample i.e. the mean reading with phenolphthalein. 

2. Y=_____ml of 0.01N H2SO4 is to be required to neutralize the remaining half amount of 

CO3 and the whole amount of HCO3
- present in 25ml of  aliquot  i.e. the mean reading with 

methyl orange. 

3. 2X=____ml of 0.01N H2SO4 required to neutralize CO3
2- present in 10ml of the aliquot. 

4. (Y-X)=_____ml of 0.01N H2SO4 required to neutralize HCO3
- present in 10ml of the 

aliquot. 

5. Let Z=____ml of 0.02N AgNO3 be required for titration 
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Calculation for carbonate: 

Amount of CO3 (me/l) = 2X x N of H2SO4 x 1000 

           Aliquot taken (ml) 

                                  =_____________________ 

Amount of CO3 (mg/l) = 2X x N of H2SO4 x 30 x 1000 

             Aliquot taken (ml) 

                                  =_____________________ 

 

Calculation for bicarbonate: 

Amount of HCO3 (me/l) = (Y-X) x N of H2SO4 x 100 

      Aliquot taken (ml) 

    = ____________________ 

Amount of HCO3 (mg/l) = (Y-X) x N of H2SO4 x 61 x 1000 

      Aliquot taken (ml) 

    = ____________________ 

 

Calculation for chloride: 

Amount of Cl (me/l)    = Z x N of AgNO3 x 1000 

           Aliquot taken (ml) 

   = ___________________ 

Amount of Cl (mg/l)    = Z x N of AgNO3 x 35.5 x 1000 

              Aliquot taken (ml) 

   = ___________________ 

 

 

Calculation for sulphate 

Tare of the crucible (W1)   = _____________g 

Weight of crucible + BaSO4 (W2)   = _____________g 

Weight of BaSO4 (W2 - W1)  = _____________g 

Weight of SO4 = (W2 - W1) x 96  = _____________g 

 233 

Percentage of sulphate in the soil= (W2 – W1) x 96 x 125  =________ 

    233X 50 

Now 96 g of SO4 = 142 g Na2SO4 

Hence Na2S04 in soil= weight of sulphate x 142   =_______ 

                            96 
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Exercise No. 11 

Determination of CO3
2-, HCO3

-, Cl- AND SO4
- from Irrigation Water 

 
 

(1) Carbonate and Bicarbonate ions: 

      Principle (Carbonate and Bicarbonate): 

Carbonate and bicarbonate ions in the water sample can be determined by titrating it 

against standard H2SO4 using phenolphthalein (working pH range 8.3 to 10.0) and methyl orange 

(working pH range 2.9 to 4.7) as indicator. Addition of phenolphthalein gives pink colour in the 

presence of carbonates and titration with H2SO4 converts these CO3
2- in to HCO3

- and 

decolourizes the pink colour, the reaction is 

H2SO4 + 2Na2CO3              2NaHCO3
- + Na2SO4 (Colourless) 

In colourless solution, methyl orange is added which gives yellow colour. Further 

titration against H2SO4 neutralizes all the HCO3
- (original + converted from CO3

2-) in to H2O and 

CO2 and the colour changes from yellow to rosy red with following reaction. 

2NaHCO3
- + H2SO4               2H2O + 2CO2 + Na2SO4 (Rosy red) 

REAGENTS 

1. Std. 0.01N H2SO4 solution 

2. Phenophthalin (indicator 

3. Methyl orange (indicator 

APPARATUS : 1. Pipette,    2. burette,    3. conical flask    4. beaker,    5. funnel 

PROCEDURE 

 The entire technique of titration is divided into two steps: 

IST STEP: For carbonate 

1) Fill the burette with 0.01N H2SO4 solution. 

2) Pipette out 10 ml of water sample in a conical flask. Add few drops of phenolphthalein 

indicator. Pink colour is obtained. 

3) Run in 0.01N H2SO4 solution carefully from the burette, till the pink colour just 

disappears. Avoid excess of H2SO4 and note down the burette reading (X ml). 

4) This reading corresponds to the half amount of CO3 present in 10 ml water sample.  

IIND STEP: For carbonate + bicarbonate 

1.  To the same conical flask add 3-4 drop of methyl orange indicator which will give yellow 

or orange colour. 

2.   Continue the titration with the same std. 0.01N H2SO4 (without refilling the burette) till 

the yellow colour of the solution in the conical flask changes to rosy red. 

3.   Note the final reading (Y ml). Preserve this solution in the conical flask for the chloride 

determination described below. The difference is the volume of 0.01N H2SO4 required to 

neutralize the whole of HCO3 and half of CO3 present in 10 ml aliquot. Take three more 

readings. 
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(2) Chloride ion: 

       Principle 

 Chlorides in the irrigation water can be determined by titration with standard solution of 

AgNO3 using K2CrO4 as an indicator. 

 Initially chloride is precipitated as silver chloride as white precipitation after complete 

neutralization of Cl, Ag would be reacted with CrO4 ions and chocolate red colour precipitates of 

Ag2CrO4 are formed which indicates end point. 

 

Chemical Reaction 

 2NaCl + AgNO3  ↔      AgCl2 + 2NaNO3 

      white precipitation 

 2AgNO3 + K2CrO4  ↔      Ag2CrO4 + 2KNO3 

       chocolate red precipitation 

Note: Silver chromate is not precipitates along with the silver chloride due to following reasons: 

1. The concentration of chromate ions is extremely low as compared to chloride ions. 

Hence, precipitations of AgCl2 occur first. 

2. AgCl2 is less soluble.  

Potassium chromate can’t be used in alkaline solution because of AgOH is likely to be 

precipitated which is again converted into silver oxide. 

                                                 AgNO3 + KOH → AgOH + KNO3 

 So that aliquot of CO3
2-, HCO3

- is used because it have neutralized or when fresh aliquot 

taken, it should be made acidic. 

 

Apparatus :1. Pipette,    2. Burette,    3. Conical flask    4. Beaker,    5. Funnel 

 

Reagents 

1. Std. 0.02N AgNO3 solution 

2. Potassium chromate (K2CrO4) 5 %  

Procedure 

1. Take the sample preserved from the carbonate, bicarbonate determination, add 8-10 drops of 

K2CrO4 as an indicator, which will give the yellow colour solution. 

2. Titrate it with 0.01 N standard AgNO3 solution drop wise until the yellow colour solution is 

converted into chocolate red colour. Note down the burette reading. 
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Sulphate 

Sulphate is precipitated as barium sulphate (BaSO4) in an acidic solution. The precipitate 

is dried, ignited and weighed and from it the amount of sulphate is calculated. 

                     Na2SO4 + BaCI2 = BaSO4 + 2NaCl 

Apparatus 

1. Beaker 2. Whatman No. 42 filter paper 

Reagents 

1. Conc. HCl  2. 5% BaCl2 

Procedure 

1) Transfer 50 ml of clear extract into a clean beaker.  

2) Add 5 ml of conc. HCI and boil.  

3) Add 5% BaCI2 solution drop by drop till whole of the sulphate has precipitated and 20 ml 

of the solution would be sufficient.  

4) Keep the contents of the beaker simmering for half an hour. 

5) Let it stand for some time. Filter through Whatman No. 42 filter paper.  

6) Wash with hot water free from chlorides.  

7) Dry and ignite the precipitate and weigh it. Calculate the SO4 percentage in a given sample. 

 

Result 

Anions percentage me/100g soil  

CO3
2-   

HCO3
-   

Cl-   

SO4
2-  -- 

 

 

 

 

 

 

 

(Signature of teacher) 
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Exercise No.12 

Determination of Nitrate (NO3
-) from Irrigation water 

Nitrate-N determination is carried out from the effluent by phenol-di-sulphonic acid method as 

described by Jackson (1956). 

Reagent 

1. Phenol disulphonic acid: It is prepared by dissolving 25g pure white phenol in 150 

ml conc H2SO4 by adding 75 ml fuming H2SO4 and thereafter heating at 100 °C for 2 

hours. 

2. Standard nitrate solution: Exactly 0.7221g pure dry KNO3 is dissolved in distilled 

water and the solution is diluted exactly to 1 litre giving 0.1 mg N per ml or 100 ppm 

stock solution. Then 20 ml of the stock solution is diluted to 200 ml in a volumetric 

flask. This solution contains 0.01 mg N per ml or 10 ppm. 

3. 6N NH4OH solution: 400 ml or liquid ammonia is mixed in 600 ml of distilled 

water.  

Preparation of standard curve 

1. Take 1, 2, 3, 4, 5, 6, 7, 9, 10, 11 and 14 ml from 10 ppm NO3 N standard solution and place it 

in separate 8 cm porcelain evaporating dish. 

2. Add pinch of CaCO3 in porcelain evaporating dishes place it on a water bath and evaporate it 

to dryness. 

3. The evaporating dishes are allowed to cool and add 2 ml of phenol disulphuric acid. 

4. The dishes are rotated to affect contact with all of the residual salt and the reagent is allowed 

for 10 minutes. 

5. Then add 15 ml cold distilled water and solution is stirred with glass rod. 

6. After few minutes 6N NH4OH is added slowly until the solution is distinctly alkaline as 

indicated by development of a yellow colour. 

7. Then 3 ml more is added, the standard series is diluted to 100 ml. The solution contain 0.1, 

0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.5 ppm of N. 

8. The blank determination is also run along with determination of standard series. 

9. The transmission percentage of the nitrate solution is read on a spectrophotometer with 430 

nm. 

10. Draw the graph. The relation between concentration of nitrate and optical density will give 

straight line. 
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Observations 

A. Graf factor   ………….. 

B. Aliquot taken  ………….    ml 

C. Sample OD  ………….. 

D. Blank OD  ………….. 

 

Calculation 

NO3-N in effluent sample (ppm) =  

 

      =  …………….ppm 

  

GF x 100 x Net OD 

50 (Aliquot taken) 
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Procedure for effluent sample 

1. Take 50 ml effluent sample in evaporating dish. 

2. Add pinch of CaCO3 in porcelain evaporating dishes placed on water bath and 

evaporate them to dryness. 

3. The evaporating dishes are allowed to cool and add 2 ml phenol disulphuric acid. 

4. The dishes are rotated to affect contact with all of the residual salt and the reagent is 

allowed to act for 10 minutes. 

5. Then add 15 ml cold distilled water and solution is stirred with glass rod. 

6. After few minutes 6N NH4OH is added slowly until the solution is distinctly alkaline as 

indicated by development of a yellow colour. 

7. Then 3 ml more is added and standard series is diluted to 100 ml. 

8. The blank determination is also run along with the effluent sample. 

9. The OD of the yellow colour is read on a spectrophotometer with 430 nm. 

 

 Result:   

 

 

 

(Signature of teacher) 
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Report On Quality of Irrigation Water 

 

Name of farmer:________________________________________________ 

Village: _____________ Taluka:_______________ District:_____________ 

Name of tube well:_______________ Depth of tube well:______________ 

Date of sampling:________________ Survey No.: ___________________ 

Interpretation of water quality 

1. pH     =__________ 

2. EC (dS/m)      =__________ 

3. Na+ (me/l)      =__________ 

4. Ca2+ + Mg2+ (me/l)     =__________ 

5. CO3
2- (me/l)      =__________ 

6. HCO3
- (me/l)      =__________ 

7. Cl- (me/l)      =__________ 

8.    NO3
- (ppm)    =__________ 

Calculation : 

1. Total cations (me/l) = Total anions (me/l) = Total cations/anions (me/l)  

(Na+Ca+Mg)  (CO3+HCO3+Cl)  EC (dS/m) x 10 

     

=  =  = 

 

2. Sodium Adsorption Ratio (SAR)  SAR = 

Na 

  Ca + Mg 

2 

 

 3. Bicarbonate hazard: RSC   =   (CO3
2- + HCO3

-)   -   (Ca2+ + Mg2+) 

Total salt content = EC (dS/m) x 640  =__________(mg/l) 

EC           =__________(dS/m) 

pH           =__________ 

SAR                                                     =__________ 

RSC                                                     =__________(me/l) 

Cl                                                         =__________(me/l) 

 

(Signature of the Teacher) 
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Exercise No.13 

Dissolved Oxygen and Free Carbon Dioxide Levels in Water Samples 

 

Procedure 

 This is important measure of water quality, as oxygen is fundamental to aquatic. 

Dissolved oxygen can be measured by iodometric titration method (Winkler Test) as well as by 

electrode method using an oxygen probe. In a simple laboratory, the former method can be used. 

 Winkler Test (Titration Method) 

 

Prepare the following reagents. 

1. Sodium thiosulphate, 0.025N. Dissolve 24.82 g of Na2S2O3.5H2O in a preboiled dist. 

water and make up the volume to 1 lit. Add a pellet of NaOH or 0.4 g of borax as 

stabilizer. This is 0.1 N stock solution. Dilute it four times to have 0.025 N solution (250-

1000 ml). Store in a brown glass bottle. 

2. Alkaline potassium iodide solution. Dissolve 100 g of KOH and 50 g of KI in 200 ml of 

preboiled dist. water. 

3. Manganous, sulphate solution. Dissolved 100 g of MnSO4.4H2O in 200 ml of dist. water 

and heat to dissolve maximum salt, filter when it is cool. 

4. Starch solution. Dissolve 1 g of starch in 100 ml of dist. water, warm for complete 

dissolution. 

5. H2SO4 conc. (sp. gr. 1.84). 

Fill the water sample in a 100-300 ml glass stopped bottle. There should not be any 

bubbling or trapping of air bubbles after putting the stopper. Add 1 ml of each MnSO4 and 

alkaline KI solutions well below the surface through the walls. Use separate pipettes for these 

solutions. Appearance of a brown precipitate indicates the presence of oxygen in the sample. 

Shake the contents by inverting the bottle. Keep the bottle and see if any precipitate settles down. 

If there is no enough precipitate shake again the contents. Add 2 ml of conc. H2SO4 and shake 

well to dissolve the precipitate. Remove 50 –100 ml or whole contents, in a conical flask for 

titration, avoiding any entry of oxygen through bubbling. Titrate the contents within one hour of 

dissolution of the precipitate with Na2S2O3 solution using few drops of starch as indicator. At the 

end point, the initial dark blue-black colour changes to colourless. Calculate dissolve oxygen as 

follows. 

 When the whole contents have been titrated  

                                                   ( ml x N ) of Na2S2O3 x 8 x 1000 

Dissolved oxygen as mg / 1 = ---------------------------------------- 

       V1-V 

When only a part of the contents has been titrated:  

 

     (ml x N ) of Na2S2O3 x 8 x 1000  
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Dissolved oxygen as mg 1 =   ---------------------------------------- 

        V1 – u  

       V2   --------------     

       V1    

 

 Where, V1 – Volume of the sample bottle , 

      V2 – Volume of the contents titrated  

       µ - Volume of MnSO4 and KI added (2 ml). 

 

Free carbon- dioxide 

 This is determined by titrated the water sample against a strong alkali to pH 8.3. 

Following reagent are required. 

1. NaOH, 0.05 N. Dissolve 40g of NaOH in boiled CO2-free dist. water. Filter through a 

sintered glass filter to remove any Na2CO3. This is 1.0 N NaOH solution. Store it in a 

polythene air tight bottle. Dilute the solution 20 times to prepare 0.05 N NaOH only 

at the time of titration. Standardise the dil soln with H2SO4, HCl or oxalic acid. 

2. Phenolphthalein indicator .Dissolve 0.5 g of phenolphthalein in 50 ml of 95% ethanol 

and add 50 ml of dist. water. Add 0.05 N CO2 – free NaOH solution dropwise, until 

the solution just turns faintly pink.  

 

Take 100 ml of the water sample in a conical flask and add few drop of phenolphthalein 

indicator. The colour change to pink indicates the absence of free CO2.In case the sample 

remains colourless, titrate it with 0.05 N NaOH. At the end point a pink colour appear. 

Calculate free CO2 as follows.  

       

      (ml x N) of NaOH x 1000 x44      

Free CO2, as mg l = ----------------------------------- 

         ml sample taken 

 

 

 

 

 

 

 

 

 

(Signature of the Teacher) 
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Exercise No.14 

Important Conversions 

 

Milli equivalent weight (m.e.): 

 Equivalent weight expressed in mg is known as milli equivalent. i.e. It is the 

thousand part of gram Eq.wt. 

        m.e. = Vol. of solution (ml) x N 

        mg   = Vol. of solution (ml) x N x Eq.wt. (OR) 

                = me x Eq.wt. 

Parts per million (ppm): 

 Parts per million (ppm) is the parts of unit weight present in one million unit 

weight or volume. 

1 million = 10, 00,000 

ppm         = mg/liter = mg/kg = g/ton = mg % x 10 

                = me/liter x Eq.wt. or me/100g x 10 x Eq.wt  

                = % x 10,000                                                  

 (mg = me x eq. wt),   

kg /ha = ppm x 2.24,  

10,000 sq.mt = 1 ha = 2.471 acre = 100 gunthas 

43560 sq.ft. = 1 acre = 0.447ha = 40 gunthas 

Lbs/acre x 1.12 = kg/ha (1 lbs = 0.4536 kg) 

Angstron unit(A0)  = 10-8 cm = 10-9mm = 10-10 mt. 

1 meter = 100cm = 1000mm 

micron = 10-3mm = 10-6m = 10-4cm 

Nano meter (nm) = 10-7cm = 10-9m 

desi (d)    = 10-1 (1/10) 

centi (C)  = 10-2 (1/100) 

milli (m)   = 10-3 (1/1000) 

micro (d)  = 10-6 (1/1000000) 

nano (n)   = 10-9 (1/1000000000) 

pico (p)   = 10-12 (1/1000000000000) 

femto (f)  = 10-15 (1/1000000000000000) 

atto (a)     = 10-18 (1/1000000000000000000) 


