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Exercise 1: DETERMINATION OF MOISTURE AND ORGANIC 

                MATTER CONTENT FROM MANURE SAMPLE 

          

Moisture content of the organic manure is a very important property as it 

influences nutrient transformation, nutrient losses through volatilization and microbial 

population during storage. Moisture is also important to express nutrient content on dry 

weight basis. As per FCO-1985, moisture content of the organic manure must be 

15-25 percent by weight.  Organic matter is determined by Ignitation method and 

organic matter content of manure is also a very important quality property as it directly 

influences soil health. As per FCO-1985, organic matter content of the organic 

manure must be minimum 20.69 percent by weight. 

(i) Determination of moisture content from Manure: 

Principle: Weighed manure sample is placed in an oven at 105oC and it is dried upto 

constant weight. The weight difference is considered to be moisture content in organic 

manure sample.  

Apparatus: 

1.   Metallic Crucible 2.   Balance 3.   Oven 4.   Desiccator 

Procedure : 

1. Weigh the empty Metallic Crucible . 

2. Weigh accurately 1 g of organic manure sample adjusting with empty Metallic 

Crucible and put it immediately in the Desiccator and close it to prevent loss of 

moisture by evaporation. 

3. Place the Metallic Crucible containing organic manure sample in oven at 105oC 

for 24 hrs. Weight the Metallic Crucible containing organic manure sample and 

again put it for 2 to 3 hours till constant weight 

4. After drying, allow the sample to cool for some time in oven. Then close the 

Metallic Crucible and put it in the desiccator for further cooling. After cooling at 

room temperature, note the final weight of Metallic Crucible with dried sample.  

5. Complete the observation sheet and work out the moisture percentage of organic 

manure sample. 

 

Result:     

    

 

 

 

 

Sample Moisture % 

Organic Manure  
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(ii) Determination of organic matter from Manure: 

Principle: Weighed manure sample is placed in Muffle Furnace at 650oC ± 700oC and 

weight difference due to ignition of organic matter shows the organic matter content in 

manure sample.  

Apparatus: 

1.Metallic/Silica 

Crucible 

2.   Balance 3.Muffle 

Furnace 

4.   Desiccator 

Procedure : 

6. Weigh the empty Metallic/Silica Crucible . 

7. Weigh accurately 1 g of organic manure sample adjusting with empty 

Metallic/Silica Crucible and put in the Desiccator.  

8. Place the Metallic/Silica Crucible containing organic manure sample in Muffle 

Furnace at 650oC ± 700oC for 6-8 hrs till there will be no black particles seen in 

manure sample.  

9. After ignition, allow the crucible to cool for some time in Muffle Furnace. Then 

put the Metallic/Silica Crucible in the desiccator for further cooling. After cooling 

at room temperature, note the final weight of Metallic/Silica Crucible with ignited 

sample.  

10. Complete the observation sheet and work out the organic matter percentage of 

organic manure sample. 

 

Result:     

            

      

(Signature of the teacher) 

 

Answer the following question: 

1. What is the FCO standard for moisture and organic matter content in organic 

manure? 

2. Which method is used for determination of organic matter from organic 

manure? 

3. At what temperature sample is placed in oven for the determination of 

moisture content from manure? 

4. Why manure is sample placed in desiccator immediately after oven drying?  

5. At what temperature manure sample is placed in muffle furnace for the 

determination of organic matter content from manure? 

 

Sample Organic matter % 

Organic Manure  
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(i) Determination of moisture content from Manure sample: 

Observations: 

1. Wt. of empty Metallic Crucible (A)   =___________ 

2. Wt. of Metallic Crucible + organic manure sample (B) =___________ 

3. Wt. of organic manure sample (B-A)    =___________ 

4. Wt. of Metallic Crucible + oven dry sample (C) =___________ 

5. Moisture content in organic manure sample (B-C)=___________ 

Calculations: 

 
 

 100  
A-B

 C-B
  sample manure organicin content  moisturePercent   

                                                                                                                  

= __________ 

 (ii) Determination of organic matter from Manure: 

Observations: 

1. Wt. of empty Metallic/Silica Crucible (D)                =___________ 

2. Wt. of Metallic/Silica Crucible + organic manure sample (E) =___________ 

3. Wt. of organic manure sample (E-D)    =___________ 

4. Wt. of Metallic/Silica Crucible + Ignited sample (F) =___________ 

5. Organic matter content in manure sample (E-F) =___________ 

Calculations:  

 
 

 100  
D-E

F-E
  sample manurein content matter  organicPercent   

                                                                                      = __________ 

 

 

  



By Dr. S. M. Bambhaneeya 
 Page 5 
 

Exercise 2: ESTIMATION OF NITROGEN FROM MANURE SAMPLE 

         

  Total Nitrogen content in the organic manure is a very important property as 

Nitrogen is a major plant nutrient, responsible for green colour of plant, rapid plant 

growth, protein content and yield of crops. As per FCO-1985, minimum Total N 

content of the organic manure must be 0.80 percent by weight.  Total Nitrogen 

content from organic manures is determined by KJELDAHL METHOD   

 Principle:  

        Organic manure contain Nitrogen in form of organic-N and NO3-N hence, organic 

manure sample is digested with H2SO4 and salicylic acid in the presence of K2SO4, 

FeSO4 and Na2S2O3 (catalyst). In this process K2SO4 raises the boiling point of H2SO4 

and CuSO4 is act as catalyst. Salicylic acid forms nitro compound which is reduced by 

Na2S2O3 to amino compounds which are converted into ammonium sulphate and 

estimated by Kjeldhal method.     Addition of 40% NaOH make media alkaline and 

Ammonia will be liberated which is absorbed in 4% boric acid and titrated with 0.1or 

0.05 or 0.01 N H2SO4 or HCl. 

 2(R-COONH2) + 2H2SO4 + 5H2 → 2(NH2)2SO4 + 2(R-COOH) 

 2(NH4)2SO4 + 4NaOH → 2Na2SO4 + 4H2O + 4NH3 

4NH3 + 4H2O → 4NH4OH 

NH4OH + H3BO3 → NH4[B(OH)4]   

2NH4[B(OH)4] + 2H2SO4 → (NH4)2SO4 + 2H3BO3 + 2H2O (Titration) 

Apparatus: 

1. Weight box  2. Balance  3. Kjeldahl flask  4. Burette  5. Glass rod     6. 500 ml Beaker  

7. Class beads  8. Distillation Set 

Reagents:  

1. Sulphuric salicylic acid :Dissolve 1 g salicylic acid in 30 ml concentrated 

sulphuric acid 

2. Catalyst mixture:  Mix 10 parts potassium sulphate or sodium sulphate, 2 parts 

copper sulphate and grind the mixture to pass a 40 mesh sieve. 

3. Sodium thiosulphate: 24 mesh dried powder 

4. Sodium hydroxide (40%) :  Dissolve 400g NaOH in 1 litre water 

5.  Mixed indicator: Dissolve 0.5 g bromocresol green 0.1 g methyl and red in 100 

ml of 0.95% ethanol. Adjust the pH 4.5 using 0.1N NaOH or HCl 

6. Boric acid (4%):  Place 40g H3BO3 in 1 litre volumetric flask, add about 900ml 

distilled water and heat and swirl the flask until the H3BO3 is dissolve. Cool the 

solution and add 5ml of mixed indicator (0.5 g of bromocresol green and 0.1 g of 

methyl red in 100 ml of 95% ethanol: adjust pH 4.5 with dilute NaOH of HCl). 

7. Standard sulphuric acid (0.01N): Dissolve 2.8ml concentrated H2SO4 in distilled 

water and diluted to 1 litre. This will give 0.1N H2SO4. Now take 100ml of this 

0.1N H2SO4 and make it to 1 litre to get 0.01N H2SO4. Standardize with 0.01N 

Na2CO3 using methyl orange indicator.  
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Procedure: 

(A) Digestion: 

1. Transfer 0.5g powdered organic manure sample wrapped in piece of filter paper to 

100ml Kjeldahl flask. 

2. Add 50 ml of the sulphuric- salicylic acid mixture and shake to get intimate contact 

of the sample with the reagent.   

3. Add 5 g sodium thiosulphate and heat on heating coil, taking care to avoid frothing. 

4. Cool, add 10 g catalyst mixture and then digest in Kjeldahl flask at full heat till the 

solution become clear. Cool and add 100 ml distilled water 

5. Now distillation is carried out as follows 

(B) Distillation 

1. 25ml of 4% boric acid solution containing mix indicator is taken in a conical flask 

and flask is placed in such a way that condenser outlet of distillation apparatus is 

dipped into this boric acid solution 

2. Transfer the content of Kjeldahl flask to distillation flask. Wash 2 to 3 times with 

distilled water to ensure that whole content of Kjeldahl flask is transferred  

3. Add 100 ml 40% sodium hydroxide along the sides of the flask and 5 to 10 glass 

beads (5 mm in diameter). 

4. Connect to distillation head, and distil off 150 ml into 25 of 4% boric acid solution. 

5. Titrate it to the first faint pink colour with standard (0.1N) sulphuric acid solution. 

6. Blank should be run and the titration carried to the same end point in exactly the 

same manner.  

Result 

 

 

 

 

(Signature of the teacher) 

Answer the following question 

1. What is the FCO standard for the total nitrogen content in manure? 

2. Which method is used for determination of total N from manure? 

3. Named the form of  N in manure? 

4. Give the role of  K2SO4 in determination total N from organic manure. 

5. Give the role of  H2SO4 and CuSO4 in determination total N from organic 

manure. 

6. Why 40%NaOH is added in determination total N? 

7. Name the indicator that is used  in determination total N? 

8. Name the chemicals used in preparation of mixed indicator. 

9. Why glass beads added in distillation flask during estimation of total N? 

Observations: 

1. Weight of manure sample taken          =____________ 

Sample Total N (%) 

Organic Manure  
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2. Volume of 0.01N H2SO4 used for sample titration (S)   =____________ 

3. Volume of 0.01N H2SO4 used for sample titration (B)   =____________ 

4. Volume of 0.01N H2SO4 actually used (S-B)                 =____________ 

Calculation: 

1000ml 1N H2SO4  14g N    

1ml 1N H2SO4   0.014g N    

1ml 0.01N H2SO4    0.00014g N  

(S-B)ml 0.011N H2SO4 (S-B) x 0.00014g N 

0.5g plant sample   : (S-B) x 0.00014g N 

Therefore, 100g plant sample  : (S-B) x 0.00014g N x 100 

             0.5 

 

Per cent N in plant = 
(S-B) x N of H2SO4 x 0.014 x 100    

0.5 =  
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EXERCISE 3: ESTIMATION OF PHOSPHORUS, POTASSIUM AND 

SULPHUR FROM MANURE SAMPLE 
       

Total Phosphorus, Potassium and Sulphur content are very important quality 

parameter of organic manure as Phosphorus and Potassium are major plant nutrient and 

Sulphur is a secondary plant nutrient and played a vital role in plant nutrition as well as 

crop production. As per FCO-1985, minimum total P2O5 and K2O content of the 

organic manure must be 0.80 percent by weight .   

Wet Digestion 

To convert organic P, K and S in to mineral form, manure sample is digested 

with di-acid mixture. This procedure is preferable than dry ignition, because of the 

possibility of loss of mineral constituents at high temperature during dry ignition. 

Apparatus: 

1. Weight box,   2. Balance,   3. 150ml conical flask,    4. Hot plate,                5. Filter 

paper,    6. Funnel,    7. 100-ml Volumetric flask 

Reagents: 

(A) Diacid mixture  : 10 HNO3  : 4 HClO4 

(B) Triacid mixture :  10 HNO3 : 4 HClO4 :1 H2SO4 

Procedure: 

1. Transfer 0.5 g dried manure sample in a 150 ml conical flask 

2. Add 10 ml of Diacid or triacid mixture , place a funnel on the flask and allow to 

stand  for overnight 

3. Heat gently at first, then heat more vigorously until a clear, colourless solution 

results. 

4. Do not take it to dryness as phosphorus and sulphur are lost if the solution goes to 

dryness, discontinue heating the volume is reduce to approximately 3 to 5 ml 

5. Cool and transfer quantitatively to a 100 ml volumetric flask, make it to volume, 

mix, allow to stand overnight and filter through Whatman No. 1 filter paper 

6. Retain this solution and use for analysis of P, K and S. 

(i) Total Phosphorus Estimation: 

Principle:  

The organic manure P is converted to orthophosphates during digestion. These 

orthophosphates react with molybdate and vanadate and give yellow coloured 

unreduced vanado-molybdo-phosphoric heteropoly complex in acid medium. The 

yellow colour is attributed to a substitution of oxyvanadium and oxymolybdenum 

redicals for oxygen of phosphate. The colour develops in about 10 minutes and stable 

for 2 to 8 weeks. 
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H3PO3 + 12H2MoO4 → H3P(Mo3O10)4 + 12H2O 

The intensity of this colour is directly proportional to the concentration of phosphorus 

present in the sample which can be read on spectrophotometer setting suitable 

wavelength.  

Apparatus:  

1. 50-ml volumetric flask   2. Pipette    3. Spectrophotometer     

Reagents:  

1. Vanadate-molybdate solution: Prepared solution A by dissolution of 25g of 

ammonium molybdate in 400 ml water. Prepared solution B by dissolving 1.25g 

ammonium metavanadate in 300 ml of boiling water cool it and add 250 ml 

concentrated HNO3. Cool again at room temperature. Now add solution A to 

solution B and dilute to one litre. 

2. Standard P solution: Prepare solution containing 50 mg P/Lby dissolve 0.2195g 

potassium dihydrogen phosphate (KH2PO4) in distilled water and making the 

volume to 1 litre 

 Procedure: 

For standard curve: 

1. Take 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5 ml of 50 mg P/l solution in a 50 

ml volumetric flasks. 

2. Add 10 ml of vanadate-molybadate regent. 

3. Dilute the solution to 50 ml with distilled water and mix well 

4. Read colour intensity on the spectrophotometer after10 minutes at 440/470 nm 

wavelength. 

5. Prepare standard curve by plotting P concentrations on X-axis and optical 

density on Y-axis. 

For Manure : 

1. Pipette 10 ml aliquot (of the manure sample digested) in a 50 ml volumetric flask 

2.  Add 10 ml vanadate-molybadate solution and diluted to 50 ml with distilled water 

3. Read colour intensity at 470 nm on spectrophotometer 

4. From the standard curve or using given formula calculate the per cent P2O5 in the 

manure sample. 

 

 

 

Result: 

 

 

Sample Total P2O5 % 

Organic Manure  
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 (ii) Estimation of Total Potassium: 

Principle: 

The determination of potassium is based on measurement of spectral line 

intensities of K atoms exited when filtrate is sprayed on a flame of flamephotometer. 

Atoms of K present in aliquot absorbed energy from flame and get excited and jumped 

to the higher energy orbit. Being a stable atom, they return to original orbit releasing 

energy and give spectral lines which are proportional to the concentration of atoms of 

that feed aliquot. 

Apparatus/Instruments: 

1. Flame photometer   2. Beaker  

Reagent: 

Reagents: 

(i) Standard K solution (1000 mg K/l): Dissolve 1.907g pure KCl in distilled 

water and make the volume 1 litre. 

(ii) Working standard: 25, 50, 75 and 100 mg K/l. 

Procedure for Stand Curve: 

(i) Standard the flame photometer using 25, 50 and 100 mg/L  

(ii) Now feed different standard K solutions one by one in increasing order of 

concentration and note down the reading of each. 

(iii) Plot a standard curve between concentration and reading of standard K 

standard solutions and flame photometer readings. 

Procedure for Manure: 

1. Standard the flame photometer using 25, 50 and 100 mg/L  

2. Atomize the digested filtrate in  the flame and record flame photometer reading 

3. From a standard curve of known potassium concentrations, find out the amount 

of potassium in the given acid extract. 

 

Result:  Sample Total K2O ( %) 

Organic Manure  
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(iii) Estimation of Total Sulphur: 

 

Principle:  

 Sulphur from the acid extract can be estimated turbidimetrically using 

spectrophotometer. The method involves two parts in S analysis: (1) decomposition of 

organic components of the sample and conversion of the entire inorganic S to the sulfate 

(SO4) form by di-acid digestion method and (2) quantification of the SO4. SO4
2- in the 

extract can be estimated turbidimetrically using spectrophotometer. Addition of BaCl2 

react with sulphur and forms white precipates in form of BaSO4. Intensity of this white 

turbidity is measured in form of OD (absorption) on spectrophotometer at suitable 

wavelength.  

 

Apparatus/Instruments/Equipments: 

1. Spectrophotometer,     2.    50 ml volumetric flasks,    3. 10 ml pipette,              4. 

10ml graduated pipette,    5.  Funnel,   6. Mechanical shaker   7. Balance 

 

Reagents: 

1. Morgan’s reagent: Dissolved 100g sodium acetate in 800ml distilled water. 

Adjust the pH 4.8 by adding glacial acetic acid and make volume 1 litre.  

2. Gum acacia solution: Dissolve 0.5g pure gum acacia in 200ml distilled water. 

Filter the solution with Whatman No. 42 filter paper to get clear filtrate. Check 

the clarity of solution before use 

3. Barium chloride: Ground the barium chloride crystal with mortar and pestle to 

get fine powder 

 

Standard S solution (50 mg S/l): Dissolve 0.2717g pure potassium sulphate in distilled 

water and make the volume 1 litre 

For standard Curve: 

Procedure: 

1. Take 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10ml of 100 ppm S solution + 20 ml of Blank 

Extract in 50 ml volumetric flasks. 

2. To this Add 20 ml of Morgan’s reagent . 

3. Then add 2 ml of Gum acacia solution and one spoon barium chloride and mix 

well and make the volume with distilled water. 

4. After waiting for 20 minute read the turbidity on spectrophotometer at 410 nm 

wavelength. 
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For Manure: 

Procedure: 

1.   Take 20 ml Acid Extract in 50 ml volumetric flask. 

2.  Add 20 ml Morgan's reagent, 2 ml gum acacia and one spoon barium chloride. 

3. After 20 minute, measure the turbidity in spectrophotometer at 410 nm wavelength. 

 

 

Result: 

 

 

 

 

 

 

(Signature of the teacher) 

 

Answer the following question: 

1. What is the FCO standard for the total P2O5 and K2O content in manure? 

2. Why di or tri acid mixture is preferred in digestion of organic manure for P, K 

and S estimation from manure? 

3. Name the acids are used in preparation of di-acid or tri-acid mixture? 

4. Which wavelength is selected for determination of total P on 

spectrophotometer? 

5. Which instrument is used for determination of total P? 

6. Name the instrument that is used for determination of K? 

7. Calculate the weight of KCl to prepared 1000 ppm K solution? 

8. Which wavelength is selected for determination of total S on 

spectrophotometer? 

9. Why gum acacia is added during the estimation of S? 

10. Give the conversion factor that is used to convert K to K2O and P to P2O5. 

 

 

Sample Total S ( %) 

Organic Manure  
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 (i) Observations for Total P 

(A) For standard Curve 

No. Aliquot taken from 

working standard 

(50mg P/l) ml 

Conc. of P in 50 ml 

diluted solution 

(mg/l) 

% T O.D. Net O.D. 

1 0.0 0.0    

2. 1.0 1.0    

3 1.5 1.5    

4 2.0 2.0    

5 2.5 2.5    

6 3.0 3.0    

7 3.5 3.5    

8 4.0 4.0    

9 4.5 4.5    

10 5.0 5.0    

11  Total (A)   Total (B) 

6.  

 

Graph factor 
 

= 
A 

 

= 
_____________ 

B 

 

Construct a standard curve between net optical density and the concentration of P 

 (B)  Observations for manure sample 

1. Weight of manure sample taken           =__________g 

2. Volume of acid digest made                                                  =__________ml 

3. Aliquot taken from acid digest          =__________ml 

4. Volume of aliquot made                                   =__________ml 

5. Spectrophotometer reading for blank (OD)                 = __________ 

6. Spectrophotometer reading for sample(OD)               = __________ 

7. Net O.D. =Sample O.D. –Blank O.D.                  = __________  

8. Graph factor (GF)                                            =__________ 

 

Calculation: 

P content (mg/kg) = Net OD x GF x 
100 

x 
50 

 
   

0.5 10          =   

 

P content (%) = Net OD x GF x 
100 

x 
50 

x 
1   

0.5 10 10,000 =  
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P2O5 content (%) = P content (%) x 2.29   =____________ 

(ii) Observations for Total K 

(A) Standard Curve 

No. Aliquot taken from 

working standard 

(50mg K/l) ml 

Conc. of K in 50 ml 

diluted solution 

(mg/l) 

Flame 

photometer 

reading 

1 0.0 0.0  

2. 1.0 1.0  

3 1.5 1.5  

4 2.0 2.0  

5 2.5 2.5  

6 3.0 3.0  

7 3.5 3.5  

8 4.0 4.0  

9 4.5 4.5  

10 5.0 5.0  

11  Total (A)  
 

Graph factor 
 

= 
A  

= 
 

 B 

 

Plot a standard curve between concentration K and Flame photometer reading. 

(B) Manure sample 

1. Weight of manure sample taken        =__________g 

2. Volume of acid digest made                                               =__________ml 

3. Aliquot from acid digest                   =__________ml 

4. Flame photometer reading (R)                               =__________ 

5. Graph factor  (GF)                                         =__________ 

Calculation: 

K content (mg/kg) = R x GF x 

 

100 
 

= 

 

_______ 
0.5 

 

K content 

(%) 
= 

Net 

OD 
x GF x 

100 
x 

   1 
  

0.5 10,000 
= ________________ 

   

K2O content (%) = K content (%) x 1.2                            =____________ 
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(ii) Observations for Total S 

(A) Observations for standard curve: 

No. Aliquot taken from 

working standard 

(50 mg S/l) ml 

Conc. of S in 50 ml 

diluted solution 

(mg /l) 

% T O.D. Net O.D. 

1 0 0    

2. 1 1    

3 2 2    

4 3 3    

5 4 4    

6 5 5    

7 6 6    

8 7 7    

9 8 8    

10 9 9    

11 10 10    

12  Total (A)   Total (B) 

 
 

Graph factor 
 

= 
A  

= 

 

_____________ 
B 

Construct a standard curve between net optical density and the concentration of S 

(B) Observations for organic Manure:   

1. Weight of manure sample                                       = _________ g 

2. Final Volume made  of manure acid extract           = _________ ml 

3. Volume of the  manure acid extract taken              = _________ ml 

4. Final Volume                                                          =  ________  ml  

5. Spectrophotometer reading for blank  (OD)           = ________ 

6. Spectrophotometer reading for sample   (OD)       = _________  

7. Net O.D. =Sample O.D. –Blank O.D                     = _________  

8. Graph factor (GF)                                                   = _________ 

Calculations: 

Total S in 

manure (%) 
= 

Net 

OD 
x GF x 

Final volume 

acid extract 
x 

Final 

volume 

x 
1 

 

Weight of 

manure 

sample 

Aliquot 

Taken 

10000 

                         =_____________________      



By Dr. S. M. Bambhaneeya 
 Page 16 
 

Exercise 4: DETERMINATION OF NITROGEN FROM UREA                                

FERTILIZER: [NH2-CO-NH2] 

              Nitrogen is a first major plant nutrient and   is supplied to the crop by addition 

of nitrogenous fertilizers. Among nitrogenous fertilizers, Urea is the most familiar 

nitrogenous fertilizer containing 46% Nitrogen in form of Amide (NH2). 

Principle: 

In Urea, N is present in form of Amide (NH2). When this organic nitrogenous 

material is digested with H2SO4 gets oxidized and inorganic N is released. During 

digestion, part of H2SO4 is reduced to SO2 which in turn reduces nitrogenous materials 

to ammonia. This NH3 combines with H2SO4 and converted into (NH4)2SO4 at the end 

of digestion. The NH3 is distillated in alkaline medium and absorbed in boric acid which 

is back titrated with standard H2SO4 using mixed indicator. The K2SO4 and FeSO4 are 

added during digestion to raise the boiling point of the acid and rate of oxidation. 

During digestion the CuSO4 acts as a catalyst which hastens the process. Among 

various catalysts used to hasten the digestion process are CuSO4, Hg, HgO etc. CuSO4 

being cheap though significantly less effective is normally used. The ideal temperature 

for digestion should be between 360OC and 410OC. At lower temperature, the digestion 

may not be completed, while above 410OC the loss of NH3 may occur. 

Reaction: 

                    Digestion  

     NH2 CO NH2                                                   (NH4)2SO4  

(Urea)       H2SO4, K2SO4, CuSO4  

 

       Distillation 

(NH4)2SO4 + 2NaOH                               2H2O  + Na2SO4  + 2NH3 

                     Absorption     

3NH3   +   H3BO3                                (NH4)3BO3  (Ammonium borate) 

             Titration 

2(NH4)3BO3  +  3H2SO4                   3(NH4)2SO4 + 2H3BO3 (Boric acid) 

Reagents: 

(i) Concentrated H2SO4: 

(ii) Digestion mixture: K2SO4 : CuSO4 : FeSO4 :: 10 : 1 : 0.5 ratio 

(iii) 4 % Boric acid: Dissolve 40 g H3BO3 in one litre volumetric flask, add about 

900 ml distilled water and heat and swirl the flask until the H3BO3 is dissolve. 

(iv) 40 % NaOH: Dissolve 400 g loose alkali (NaOH) in water and dilute to one 

litre volume.  

(v) 0.1 N H2SO4:  Dissolve 2.8 ml concentrated H2SO4 in distilled water and diluted 

to one litre. Standardize with 0.1N Na2CO3 using methyl orange indicator. 
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(vi) Mixed indicator: Dissolve 0.5 g Bromocresol green and 0.1 g methyl red in 

100 ml of 95 % ethanol: Adjust the pH 4.5 with dilute NaOH or HCl. 

Procedure: 

(i) Weight accurately 1.0 g of urea on clean dry watch glass, transfer it to a 

clean beaker by washing the watch glass 3 to 4 times with distilled water. 

Dissolve it in water completely by stirring with glass rod. 

(ii) Transfer the solution to 250 ml volumetric flask by washing the beaker 

several times with distilled water. Make the final volume up to the mark, 

stopper it and shake well.   

(iii) Pipette 10 ml solution into Kjeldahl’s flask. Add 25 ml concentrated H2SO4 

and about 10 g digestion mixture and rotate the flask. 

(iv) Heat the flask at first gently over low flame in the digestion chamber (gas 

heater/electric heater), when flask has white fumes of SO2, raise the flame. 

(v) Continue the digestion over full flame for an hour, remove the flask and cool 

it. 

(vi) Dilute the content of Kjeldahl’s flask with about 50 ml water and transfer to 

distillation flask. Wash the flask several times and transfer all the washings 

to the solution carefully to a distillation flask, wash the Kjeldahl’s flask 3to4 

times and transfer all the washings to the distillation flask, The content in 

the distillation flask should be about 300 ml. 

(vii) Take 25 ml, 4 % boric acid solution in clean 250 ml beaker and add 3 to 4 

drops of mixed indicator and place the beaker under the condenser in such 

a way that the tip of condenser should be dipped into the boric acid solution. 

(viii) Add 2 to 3 glass beads in the distillation flask. 

(ix) Take about 100 ml or more of 40 % NaOH solution and add into the 

distillation flask in such a way that it runs down from neck to the bottom 

without mixing. The content of the flask must become distinctly alkaline.  

(x) Connect the splash head immediately and circulate the water in the 

condenser. 

(xi) Light the burner (electric heater) and start heating at once to avoid the 

danger of sucking back. 

(xii) Continue distillation till about 150 ml of distillate is collected in the beaker. 

Test for NH3 using litmus paper. 

(xiii) Remove the beaker by washing the tip of condenser with distilled water and 

then put-off the burner to prevent sucking back. 

(xiv) Run a blank using same procedure without addition of digested solution of 

urea. 
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(xv) Titrate the distillate with standard 0.1 N H2SO4 till the wine red colour is 

obtained and calculate the percentage of N and purity of Urea sample. 

 

 

 

Result: 

 

 

 

 

 

 

(Signature of the teacher) 

 

Answer the following question: 

1. Give form of N present in urea. 

2. What is the ideal temperature for digestion during determination of N from 

urea?  

3. Give the content of nitrogen in urea. 

4. Name the flask that is used in digestion of Urea? 

5. Give the chemical formula of urea. 

 

  

Sample Total N ( %) Purity (%) 

Urea   
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Observations: 

1 Weight of fertilizer taken _______g 

2 Final volume made up _______ml 

3 Aliquot taken for digestion _______ml 

2 Burette reading with 0.1 N H2SO4 for the sample S _______ml 

3 Burette reading with 0.1 N H2SO4 for the blank B _______ml 

4 
Net 0.1 N H2SO4 required to react with NH3 liberated 

from 10 ml fertilizer solution 
(S-B) _______ml 

Calculation: 

1000 ml 1 N H2SO4  = 14 g N 

1000 ml 0.1 N H2SO4  = 1.4 g N 

1 ml  0.1 N H2SO4   = 0.0014 g N 

10

1002500014.0)(
%

xxBS
N


  

  % N = (S - B) x 3.5 

 % N =___________(X) 

Purity of fertilizer: 

Percent N in Urea [NH2 CO NH2]=28 (N)+4 (H)+12 (C)+16 (O) = 60 is molecular 

weight 

60 g Urea contains    28 g of N 

100 g Urea contains        (?) 

   100 x 28   =    46.7 % N 

      60  

     

         If   46.7 % N   100 % pure 

       X % N        (?)    

100 x  X  = ___________% purity 

    46.7         

 

Where X = % N in ammonium nitrate (Total nitrogen)      
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         Exercise No.5: DETERMINATION OF NH4-N FROM NITROGENOUS 

FERTILIZERS: [(NH4)2SO4] 

Most popular inorganic nitrogenous fertilizers are Ammonium Sulphate, Calcium 

Ammonium Nitrate, Potassium Nitrate,  Sodium Nitrate, Ammonium Nitrate etc. Form 

of N present are:   Ammonium Sulphate (20.6% NH4-N), Calcium Ammonium Nitrate 

(13% NH4-N and 13% NO3-N), Potassium Nitrate (13.9% N, 61.4% NO3-N), Sodium 

Nitrate (16% NO3-N), Ammonium Nitrate (33% NH4-N)  

(i) DETERMINATION OF NH4-N FROM AMMONICAL FERTILIZERS:   

Principle: 

Nitrogen in any ammonical fertilizers can be determined by its distillation with alkali 

(NaOH or MgO). The solution containing a known amount of fertilizer is distilled with 

40 % NaOH solution and the NH3 liberated is absorbed in known volume of 4 % boric 

acid solution. The amount of NH3 absorbed is determined by titrating it with standard 

0.1N sulphuric acid solution using mixed indicator. The end point is indicated by 

change of colour from sky blue to pink. 

 

Reactions: 

  (NH4)2SO4 + 2NaOH                   2H2O  + Na2SO4  + NH3 

3NH3   +   H3BO3                  (NH4)3BO3  (Ammonium borate) 

2(NH4)3BO3  +  3H2SO4                3(NH4)2SO4   + 2H3BO3 (Boric acid) 

Reagents: 

 

(i) 4% Boric acid: Dissolve 20 g H3BO3 in one litre volumetric flask, add about 

900 ml distilled water and heat and swirl the flask until the H3BO3 is dissolved  

 

(ii) 40 % NaOH: Dissolve 400 g loose alkali (NaOH) in water and dilute to one 

litre volume.  

 

(iii) 0.1 N H2SO4:  Dissolve 2.8 ml concentrated H2SO4 in distilled water and dilute 

to one litre. Standardize with 0.1N Na2CO3 using methyl orange indicator. 

 

(iv) Mixed indicator : Dissolve 0.5 g Bromocresol green and 0.1 g methyl red in 

100 ml of 95 % ethanol. Adjust the pH 4.5 with dilute NaOH or HCl. 

 

 

 

 

Procedure: 
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(i) Weigh accurately 1 g of the given sample (AS) on a clean dry watch glass. 

(ii) Dissolve it in distilled water and transfer to the 250 ml of volumetric flask. 

Wash the watch glass and beaker thoroughly and transfer all the washings 

into the flask. Make the final volume up to the mark. Stopper and shake 

well. 

(iii) Pipette 25 ml of aliquot from it and transfer it to 1 litre of distillation flask. 

(iv) Add about 300 ml distilled water in distillation flask. 

(v) Take 25 ml boric acid solution in a 250 ml beaker and add 3 to 4 drops of 

mixed indicator. 

(vi) Place the beaker containing boric acid and mixed indicator under condenser 

in such a way that tip of condenser should be dipped into the boric acid 

solution. 

(vii) Add 2 to 3 glass beads in the distillation flask. 

(viii) Take about 25 ml of 40 % NaOH solution and add into the distillation flask 

in such a way that it runs down from neck to the bottom without mixing. 

Connect the splash head immediately and circulate the water in the 

condenser. 

(ix) Light the burner and start heating at once to avoid the danger of sucking 

back. 

(x) Continue distillation till about 150 ml of distillate is collected in the beaker. 

Test for NH3 using litmus paper. Wash the tip with distilled water. 

(xi) Remove the beaker first and then put-off the burner to prevent sucking back. 

(xii) Run a blank using same procedure without addition of (NH4)2SO4 solution. 

(xiii) Titrate the distillate with standard 0.1 N H2SO4 till the pink colour is 

observed. 

(xiv) Calculate the per cent of N and purity percentage of the given sample of 

fertilizer. 

Result: 

Sample NH4-N (%) 

(NH4)2SO4        

 

 

 

Signature of the teacher) 

 

Answer the following question: 

1. List out the most popular inorganic nitrogenous fertilizers. 

2. Which compound is formed during the absorption of ammonia in boric acid? 

3. Give the pH of mixed indicator and Why? 

4. What is the chemical formula of ammonium sulphate? 

Observations: 
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1 Weight of fertilizer sample taken 1.0   g 

2 Volume made up 250   ml 

3 Aliquot taken for distillation 25     ml 

4 Burette reading with 0.1 N H2SO4 for the sample S _____ml 

5 Burette reading with 0.1 N H2SO4 for the blank B _____ml 

6 Net 0.1 N H2SO4 required to react with NH3 liberated 

from 25 ml of fertilizer solution 

(S-B) _____ml 

Calculation: 

1000 ml 1 N H2SO4  = 14 g N 

1000 ml 0.1 N H2SO4  = 1.4 g N 

1 ml  0.1 N H2SO4   = 0.0014 g N 

251

2501000014.0)(
%

x

xxBS
N


  

  % N = (S - B) x 1.4      

% N =  X = ______                    

Purity of fertilizer: 

Percent N in (NH4)2SO4  = 28 + 8 + 32 + 64 = 132 ( is molecular weight) 

132 g AS contains    28 g of N 

100 g AS contains        (?) 

N%21.21
132

28100



 

    If   21.21 % N  100 % pure 

       X % N       (?)     

purity
NX

%_________
21.21

)(%100



 

Where X = % N obtained from Ammonical Nitrogenous Fertilizer analysis           
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Exercise No.6: DETERMINATION OF NO3-N FROM NITROGENOUS            

FERTILIZERS: [KNO3, NaNO3] 

Principle: 

The NO3-N is reduced to NH3 by Devarda’s alloy (Cu : Al : Zn = 50 : 45 : 5) in 

alkaline solution. The ammonia liberated is absorbed in known volume of 4 % boric 

acid solution. The amount of NH3 absorbed is determined by titrating it with standard 

0.1 N sulphuric acid solution using mixed indicator. The end point is indicated by 

change of colour from sky blue to pink. 

Reactions: 

Zn  +  2NaOH                    Na2ZnO2 (Sodium zincate)  + 2H+ 

Al  +   2NaOH                      Na2AlO2 (Sodium aluminate)  + 2H+ 

                               NO3  +  9H+                        NH3  + 3H2O 
  3NH3   +   H3BO3                      (NH4)3BO3  (Ammonium borate) 

2(NH4)3BO3  +  3H2SO4                3(NH4)2SO4   + 2H3BO3 (Boric acid) 

Reagents: 

(i) Devarda’s alloy : Mixture of metals in the ratio of Cu : Al : Zn :: 50 : 45 : 5 . 

(ii) 2 % Boric acid: Dissolve 20 g H3BO3 in one litre volumetric flask, add about 

900 ml distilled water and heat and swirl the flask until the H3BO3 is dissolved. 

(iii) 2.5 % NaOH: Dissolve 25 g loose alkali (NaOH) in water and dilute to one litre 

volume.  

(iv) 0.1 N H2SO4:  Dissolve 2.8 ml concentrated H2SO4 in distilled water and 

dilutete one litre. Standardize with 0.1N Na2CO3 using methyl orange indicator. 

(v) Mixed indicator: Dissolve 0.5 g Bromocresol green and 0.1 g methyl red 

dissolved in 100 ml of 95 % ethanol. Adjust the pH 4.5 with dilute NaOH or 

HCl. 

 

Procedure: 

(i) Weigh accurately 1 g of the given fertilizer sample (KNO3/NaNO3) on a clean 

dry watch glass. 

(ii) Dissolve it in distilled water and transfer to the 250 ml of volumetric flask. Wash 

the watch glass and beaker thoroughly and transfer all the washings into the 

flask. Make the final volume up to the mark. Stopper and shake well. 

(iii) Pipette 25 ml of aliquot from it and transfer it to 1 litre of distillation flask. 

(iv) Add about 300-400 ml distilled water in distillation flask. 

(v) Take 25 ml boric acid solution in a 250 ml beaker and add 4 to 5 drops of mixed 

indicator. 

(vi) Place the beaker containing boric acid and mixed indicator under condenser in 

such a way that tip of condenser should be dipped  into the boric acid solution. 

(vii) Add 2 to 3 glass beads in the distillation flask. 

(viii) Add 2 gram of Devarda’s Alloy in distillation flask. 
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(ix) Take about 25 ml of 2.5 % NaOH solution and add into the distillation flask in 

such a way that it runs down from neck to the bottom without mixing. Connect 

the splash head immediately and circulate the water in the condenser. 

(x) Light the burner and start heating at once to avoid the danger of sucking back. 

(xi) Continue distillation till about 150 ml of distillate is collected in the beaker. Test 

for NH3 using litmus paper. Wash the tip with distilled water. 

(xii) Remove the beaker first and then put-off the burner to prevent sucking back. 

(xiii) Run a blank using same procedure without addition of fertilizer solution. 

(xiv) Titrate the distillate with std. 0.1 N H2SO4 till the pink colour is observed . 

(xv) Calculate the percent of N and purity percentage of the given sample of 

fertilizer. 

 

Result: 

Sample NO3-N(%) 

KNO3  

 

(Signature of the teacher) 

 

 

 Answer the following question: 

1. Give the role of devarda’s alloy in estimation of NO3-N from nitrogenous 

fertilizer 

2. What is the composition of devarda’s alloy? 

3. How to prepared 2 % boric acid? 

4. What is the molecular weight of potassium nitrate? 
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Observations: 

1 Weight of sample taken 1.0   g 

2 Volume made up 250   ml 

3 Aliquot taken for distillation 25     ml 

4 Burette reading with 0.1 N H2SO4 for the sample S _____ml 

5 Burette reading with 0.1 N H2SO4 for the blank B _____ml 

6 Net 0.1 N H2SO4 required to react with NH3 liberated 

from 25 ml of fertilizer solution 

(S-B) _____ml 

Calculation: 

1000 ml 1 N H2SO4  = 14 g N 

1000 ml 0.1 N H2SO4  = 1.4 g N 

1 ml  0.1 N H2SO4   = 0.0014 g N 

251

2501000014.0)(
%

x

xxBS
N


  

  % N = (S - B) x 1.4  

 Per cent   N =  X = _______                    

Purity of fertilizer: 

Purity of sodium nitrate Purity of potassium nitrate 

Per cent N in NaNO3=23+14+48=85 Molecular 

weight = 85  

85 g NaNO3 contains   14 g of N 

100 g NaNO3 contains           (?) 

   100 x 14 

  ------------  = 16.47 

      85 

  

  If   16.47 % N   100 % pure 

           X % N              (?)   

100 x X  

------------  = ___________% purity 

    16.47 

 

Where X = % N obtained by analysis 

Per cent N in KNO3=39+14+48=101 Molecular 

weight = 101 

85 g KNO3 contains   14 g of N 

100 g KNO3 contains           (?) 

 100 x 14 

  ------------  = 13.86 

      101 

    

If   13.86 % N   100 % pure 

           X % N              (?)   

100 x X  

------------  = ___________% purity 

    13.86 

 

Where X = % N obtained by analysis 



By Dr. S. M. Bambhaneeya 
 Page 26 
 

Exercise 7: DETERMINATION OF PHOSPHORUS   FROM PHOSPHATIC 

FERTILIZER: [DAP] 

Phosphorus is a second major plant nutrient and P is supplied to the crop by addition of 

phosphatic fertilizers. Most popular inorganic Phosphatic fertilizers are Diammonium 

phosphate (46% P2O5), Single Super Phosphate (16% P2O5), Monoammonium 

phosphate (20% P2O5) etc.  

Principle:  

The orthophosphates of water soluble fertilizer react with molybdate and 

vanadate and give yellow coloured unreduced vanado molybdo phosphoric heteropoly 

complex in acid medium. The yellow colour is attributed to a substitution of 

oxyvanadium and oxymolybdenum redicals for oxygen of phosphate.  

H3PO3 + 12H2MoO4 → H3P(Mo3O10)4 + 12H2O 

The intensity of this colour is directly proportional to the concentration of phosphate 

present in the sample which can be read on spectrophotometer. The colour develops in 

about 10 minutes and stable for 2 to 8 weeks. 

The advantages of method: 

 Extreme simple. 

 Stability of colour for long period. 

 Free from interference of range of ionic species in concentration upto 1000 ppm  

 Adaptability to HNO3, HCl, H2SO4, HClO4 system 

Reagents: 

1. Vanadate-molybdate solution: Prepare solution A by dissolving 25g of 

ammonium molybdate in 400 ml distilled water. Prepare solution B by 

dissolving 1.25g ammonium metavanadate in 300 ml of boiling water Cool it 

and add 250 ml concentrated HNO3. Cool again at room temperature. Now, add 

solution A to solution B and dilute to one litre. 

2. Standard P solution: Prepare solution containing 50 mg P/L by dissolve 

0.2195g potassium dihydrogen phosphate (KH2PO4) in distilled water and 

making the volume to 1 litre 

 

Procedure: 

For standard curve: 

1. Take 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5 ml of 50 mg P/l solution in a 50 ml    

    volumetric flask. 

2. Add 10 ml of vanad molybadate regent. 

3. Dilute the solution to 50 ml with distilled water and mix well. 

4. Read the colour intensity in the spectrophotometer 10 minutes after addition of the  

   vand-molybdate solution using a 470 nm wavelength. 

5. Prepare standard curve by plotting P concentrations on X-axis and optical density  

   on Y-axis. 
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 For Fertilizer: 

 

1. Weigh accurately 1 gm of Phosphatic fertilizer (DAP) sample in clean dry watch 

glass. 

2. Transfer the fertilizer in beaker by washing watch glass with hot distilled water. 

3. Dissolve the fertilizer by stirring well. 

4. Filter the solution in 250 ml of volumetric flask by washing residues with hot 

distilled water and make the final volume up to the mark, stopper the flask and 

shake well. 

5. Pipette out 10 ml of the aliquot in 50 ml volumetric flask.  

6. Add 10 ml vanad-molybadate solution. 

7. Make the volume up to the mark with distilled water and mix well. 

8. The yellow colour will develop rapidly but take reading after 10 minutes to ensure 

full strength. 

9. Take reading for yellow colour intensity at 470 nm on spectrophotometer. 

10. Run a blank using same procedure without fertilizer sample. 

11. Calculate the per cent P2O5 in the Phosphatic fertilizer (DAP) sample. 

 

 

 

 

Result: 

Sample P2O5 (%) 

DAP  

 

 

(Signature of the teacher) 

 

 

 

 

Answer the following question 

1. List out the most popular inorganic phosphatic fertilizers. 

2. Which compound is formed when vanado-molybadate solution is added in P 

containing solution? 

3. Which colour is appears when we add vanado-molybadate solution in P 

containing solution? 

4. How to prepared vanad-molybadate solution? 
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Observations 

(A) For standard curve 

No. Aliquot taken from 

working standard 

(50mg P/l) ml 

Conc. of P in 50 ml 

diluted solution 

(mg/l) 

O.D. 

 

Net O.D. 

1 0.0 0.0   

2. 1.0 1.0   

3 1.5 1.5   

4 2.0 2.0   

5 2.5 2.5   

6 3.0 3.0   

7 3.5 3.5   

8 4.0 4.0   

9 4.5 4.5   

10 5.0 5.0   

  Total (A)  Total (B) 

 
 

Graph factor 
 

= 
A 

 

= 
 

 B 

Construct a standard curve between net optical density and the concentration of P 

(B) For Fertilizer sample 

9. Weight of Phosphatic fertilizer (DAP)  sample taken          =  _________ g 

10. Volume made up            =_________  ml 

11. Aliquot taken                          =_________  ml 

12. Volume of aliquot made                      = _________ ml 

13. Spectrophotometer reading for blank (OD)               = __________ 

14. Spectrophotometer reading for sample (OD)                        = __________ 

15. Net O.D. =Sample O.D. –Blank O.D.                  = __________  

16. Graph factor (GF)                                                   =__________ 

Calculation: 

P content (mg/kg) = Net OD x GF x 
250 

x 
50 

 
   

1 10 =   

 

 

P content (%) = Net OD x GF x 
250 

x 
50 

x 
1   

1 10 10,000 =  

 

 

P2O5 content (%) = P content (%) x 2.29  =____________ 
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Purity of fertilizer: 

Percent P2O5 in DAP [(NH4)2HPO4]=28 (N) + 9 (H) + 31(P)+64(O)=132 is molecular 

weight 

 

    If   46.0 % P2O5   100 % pure 

       X % P2O5       (?)     

 

100 x  X  

------------  = ___________% purity 

    46.0 

                            

Where X = P2O5 in DAP obtained by analysis.                        

 

Purity of fertilizer: 

Percent P2O5 in SSP [Ca(H2PO4)2. H2O+2CaSO4.2H2O] = 40 (Ca) + 10 (H) + 62 (P) 

+240 (O) + 64 (S) = 416 is molecular ight 

 

    If   16.0 % P2O5   100 % pure 

       X % P2O5       (?)     

 

100 x  X  

------------  = ___________% purity 

    16.0 

 

 

Where X = % P2O5 obtained by analysis 
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EXERCISE 8: DETERMINATION OF POTASSIUM FROM POTASSIC                           

FERTILIZER: [KCl] 
 

Potash is a third major plant nutrient and K is supplied to the crop by addition 

of Potassic fertilizers. Most popular inorganic Potassic fertilizers are Murate of Potash- 

KCl (58-60% K2O) and Sulphate of Potash-K2SO4 (48-50% K2O). 

Principle: 

The determination of potassium is based on measurement of spectral line 

intensities of K atoms exited when filtrate is sprayed on a flame of flamephotometer. 

Atoms of K present in aliquot absorbed energy from flame and get excited and jumped 

to the higher energy orbit. Being a stable atom, they return to original orbit releasing 

energy and give spectral lines which are proportional to the concentration of K atoms 

of that feed aliquot. 

Reagents: 

(iii) Standard K solution (1000 mg K/l): Dissolve 1.907g pure KCl in distilled water 

and make the volume 1 litre. 

(iv) Working standard: 25, 50, 75 and 100 mg K/l. 

 

Procedure for Stand Curve: 

(i) Standard the flame photometer using 25, 50 and 100 mg/L  

(ii) Now feed different standard K solutions one by one in increasing order of 

concentration and note down the reading of each. 

(iii)Plot a standard curve between concentration and reading of standard K standard 

solutions and flame photometer readings. 

 

Procedure for fertilizer: 

4. Weigh accurately 0.5 g of K fertilizer and transfer it to beaker by washing 

the watch glass with distilled water and dissolve the fertilizer by stirring 

with glass road. 

5. Transfer the solution in 250 ml volumetric flask by washing the beaker 

several times with distilled water and make final volume upto the mark, 

stopper the flask and shake well. 

6. Pipette out 1 ml of solution and transfer it into another 25 ml volumetric 

flask, make final volume upto the mark, stopper the flask and shake well. 

7. Atomize the solution through the flame and record flame photometer 

reading. 

8. From a standard curve of known potassium concentrations, find out the 

amount of potassium in the given diluted solution. 
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Result: 

Sample K2O (%) 

MOP  

 

                                                  (Signature of the teacher) 

 

 

Answer the following question: 

1. List out the most popular inorganic potassic fertilizers. 

2. Calculate the percent K2O in KCl. 

3. How to prepared 25, 50, 75 and 100 mg K/l solution from 1000 mg K/l 

solution? 
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Observations: 

(A) For standard curve 

Sr. 

No. 

Volume taken from 100 

mgK/L in 100ml 

volumetric flask 

Concentration of K in 

solution (mg/l) 

Reading of flame 

photometer 

1 00 00  

2. 10 10  

3 20 20  

4 30 30  

5 40 40  

6 50 50  

7 60 60  

8 70 70  

9 80 80  

10 90 90  

11 100 100  

  Total (A) Total (B) 

 
 

Graph factor 
 

= 
A  

=____________ 
 

B 

 

Plot a standard curve between concentration K in diluted solution and flame photometer 

readingreadings. 

(B) For Fertilizer sample                   

(i)  Weight of Potassic fertilizer (KCl)  sample taken          =_________   g 

(ii)  Volume made up        =_________  ml 

(iii)  Aliquot taken                       =_________  ml 

(iv)  Volume of aliquot made                  = _________ ml 

(v)  Flame photometer reading (R)                    =  _________ 

(vi)  Graph factor (GF)                                                     =  _________ 

 

Calculation: 

 

(%)K 

content  
= 

K Concentration in graph 

against FPM reading 
x Dilution x 

1   

10,000 =  

   

 

K2O content (%) = K content (%) x 1.2   =____________ 
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Purity of fertilizer: 

Percent K2O in KCl (Muriate of potash)= 39 (K) + 35.5(Cl) = 74.5 is molecular 

weight 

 

74.5 g KCl contains   39 g of K 

100 g KCl contains        (?) 

 

   100 x 39 

  ------------ x 1.2 = 62.82 % K2O 

      74.5 

  

  If   62.82 % K2O   100 % pure 

       X % K2O       (?)   

 

100 x  X  

------------  = ___________% purity 

    62.82 

Where X = % K2O in KCl obtained by analysis 
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Exercise 9: DETERMINATION OF SULPHUR FROM SULPHATE 

FERTILIZERS: [(NH4)2SO4)] 

 

Sulphur is a third secondary plant nutrient and S is supplied to the crop by 

addition of elemental sulphur or by addition of S containing inorganic fertilizers like: 

Ammonium sulphate (24% S), Sulphate of Potash ( 17.6 % S) and Micronutrient 

containing fertilizers (FeSO4 18.8%, MnSO4 21.2%, ZnSO417.8%, CuSO412.8%).  

Principle: 

Sulphur in any sulphate fertilizers can be determined by turbidimetrically using 

spectrophotometer. The solution containing a known amount of fertilizer in volumetric 

flask and reacted with BaCl2 form the insoluble precipitations of barium sulphate. The 

intensity of precipitations is then measured in spectrophotometer at 430 nm wavelength.  

 

Reagents: 

(i) Standard S solution (50 mg S/l): Dissolve 0.2717g pure potassium sulphate 

(K2SO4) in distilled water and make the volume 1 litre 

(ii) Morgan’s reagent: Dissolve 100g sodium acetate in 800ml distilled water. 

Adjust the pH 4.8 by adding glacial acetic acid and make the volume 1 litre.  

(iii) Gum acacia solution: Dissolve 0.5g pure gum acacia in 200 ml distilled water. 

Filter the solution with Whatman No. 42 filter paper to get clear filtrate. Check 

the clarity of solution before use 

(iv) Barium chloride: Ground the barium chloride crystal (AR grade) with mortar 

and pestle to get fine powder 

 

(A) Procedure for Standard Curve: 

 

1. Take 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10ml of 100 ppm S solution in 50 ml vol. flasks. 

2. To this add 20 ml of Morgan’s reagent and 20 ml of 0.15% CaCl2 are solution. 

3. Then add 2 ml of Gum acacia solution and one spoon barium chloride and mix 

well. Then make the volume with distilled water. 

4. After waiting for 20 minutes read the turbidity on spectrophotometer at 430 nm 

wavelength. 

5. Construct a standard curve between net optical density against concentration of 

S. 

(B)  Procedure for fertilizer sample: 
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(i) Weigh accurately 1 g of the S fertilizer on a clean dry watch glass. 

(ii) Dissolve it in distilled water and transfer to the 250 ml of volumetric flask. Wash 

the watch glass and beaker thoroughly and transfer all the washings into the 

flask. Make the final volume up to the mark. Stopper and shake well. 

(iii) Pipette 10 ml of aliquot and transfer it to 50 ml volumetric flask. 

(iv) Add 20 ml Morgan's reagent, 2 ml gum acacia and 0.5 g barium chloride powder 

in each flask including for blank. Mix well and make the volume with distilled 

water. 

(v) After 20 minute, measure the turbidity in spectrophotometer at 430 nm 

wavelength. 

(vi) Calculate percentage of S and purity percentage of the given fertilizer samples 

using standard curve. 

 

 

Result:  

Sample        S  (%) 

(NH4)2SO4)  

 

 

 

 

 

 

(Signature of the teacher) 

 

 

Answer the following question: 

1. List out the S containing inorganic fertilizers. 

2. Which factor is used to convert S to SO4? 

3. Name the chemicals used in preparation of Morgan’s reagent? 

 

 

 

 

 

 

 

 

 

 

Observations for standard curve: 
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No. Aliquot taken from 

working standard 

(50 mg S/l) ml 

Conc. of S in 50 ml 

diluted solution 

(mg /l) 

O.D. Net O.D. 

1 0 0   

2. 1 1   

3 2 2   

4 3 3   

5 4 4   

6 5 5   

7 6 6   

8 7 7   

9 8 8   

10 9 9   

11 10 10   

  Total (A)  Total (B) 

 

Graph factor = 
A 

= ___________ 
B 

 

Observations for S containing fertilizer: 

9. Weight of fertilizer sample taken        = 1.0 g 

10. Volume made up                        = 250 ml 

11. Volume of the fertilizer solution taken       = 10 ml 

12. Final Volume made up                                   = 50 ml  

13. Spectrophotometer reading for blank  (OD)        = ______  

14. Spectrophotometer reading for sample (OD)       = ______  

15. Net O.D. =Sample O.D. –Blank O.D            = ______  

16. Graph factor GF)          = ______  

 

Calculations: 

% S  = Net OD x GF x 
250 

x 
50  

= ___________ 
1 10  

% SO4  = % S x 3 = ___________ 

 

 

Exercise 10: ESTIMATION OF AVAILABLE NITROGEN FROM SOIL 
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(By Alkaline KMnO4 Method) 

 

Principle: A known weight of sample is the mixed with excess alkaline KMnO4 

solution. Potassium permanganate is oxidized the part of organic matter and alkaline 

media convert the organic N into ammonia gas and it absorbed in boric acid. The 

content is then titrated with standard sulphuric acid using a mixed indicator.  

 

2KMnO4 + H2O       NaOH      2KOH + 2MnO2 + 3(O) 

R-CH NH2COOH + ½O2   Oxidation     R-CO-COOH + NH3 

NH3 + H3BO3                       (NH4)2BO3 

(NH4)2BO3 + 2H2SO4                                (NH4)2SO4 + 2H3BO3 

 

Apparatus: 

 

1. Distillation apparatus,    2. Glass beads,    3. 250 ml beakers,    4. Burette                5. 

Chemical balance 

 

Reagents: 

1. 0.1N H2SO4: Dissolve 2.8ml concentrated H2SO4 in distilled water and diluted to 

1 litre. Standardize with 0.1N Na2CO3 using methyl orange indicator. 

2. 0.32% KMnO4 solution: Dissolve 3.2 g pure KMnO4 in water and dilute to one 

litre volume. 

3. 2.5% NaOH solution: Dissolve 25 g loose alkali (NaOH) in water and dilute to 

one litre volume. 

4.  Mixed indicator: Dissolve 0.5 g bromocresol green 0.1 g methyl and red in 100 

ml of 0.95% ethanol. Adjust the pH 5.0 using 0.1N NaOH or HCl 

5. Boric acid (4%) :  Place 40g H3BO3 in 1 litre volumetric flask, add about 900ml 

distilled water and heat and swirl the flask until the H3BO3 is dissolve. Cool the 

solution and add 5ml of mixed indicator (0.5 g of bromocresol green and 0.1 g of 

methyl red in 100 ml of 95% ethanol: adjust pH 4.5 with dilute NaOH of HCl). 

6. Paraffin liquid 

 

Procedure: 

6. Transfer 20g soil in a 800ml distillation flask. 

7. Moisten the soil with water, wash down the soil adhering to the neck of the flask, 

if any. 

8. Add 100ml of 0.32% KMnO4 solution 

9. Now add a few glass beads and 2-3ml paraffin liquid. 

10. Measure 25ml 4% boric acid containing mixed indicator in a 250ml beaker and 

place it under the receiver tube. Dip the receiver tube end in the boric acid.    

11. Add 100 ml of 2.5 % NaOH solution and immediately fit it up in the distillation 

apparatus. 
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12. Switch on the heater on and continue distillation until about 150ml of distillate is 

collected. 

13. First remove the beaker containing distillate and then swich off the heater to avoid 

back suction.   

14. Run a blank without soil   

15. Titrate the distillate with std. 0.1 N H2SO4 up to pink coloured end point. 

Result:  

 

Available Nitrogen (kg/ha)=    _______________ 

 

Advise to Farmer: 

 

 

 

 

 

 

 

Based on the amount of available N, soil been classified as follows:  

Low         :  < 250 kg/ha 

Medium   :   250-500 kg N/ha 

High         :   > 500 kg N/ha 

 

 

(Signature of the teacher) 

Answer the following question: 

1. Why KMnO4 added in estimation of available nitrogen from Soil?  

2. Which method is used for determination of available N from Soil? 

3. Calculate the weight of KMnO4 to prepare 0.32% KMnO4 solution. 

4. Why paraffin liquid is added during estimation of available N from Soil? 
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Observations 

1. Weight of soil taken                                                                    = _________ g 

2. Volume of _______N H2SO4 used for sample titration (S)        = _________ ml 

3. Volume of _______N H2SO4 used for blank titration (B)          = _________ ml 

4. Volume of _______N H2SO4 actually used (S-B)                     =  _________ ml 

  

Calculations 

1000 ml 1N H2SO4     = 14g N 

1ml 1N H2SO4            =  0.014g N 

 

Available N (kg/ha) = 
(S-B)  x 0.014 x N of H2SO4 x 22,40,000 

 Weight of Soil 

 

OR 

 

Available N (kg/ha) : 
(S-B) x 0.014 x N of H2SO4 x 100 x 10000 x 2.24 

Weight of Soil 
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Exercise 11:  DETERMINATION OF AVAILABLE PHOSPHORUS FROM    

SOIL (Olsen method) 

 

Principle of Spectrophotometer: 

Lambert’s law: The intensity of emitted light decreased exponentially as the thickness 

of absorbing medium increases arithmetically 

 

T = 
P 

= 10-kb = log T = log 
P 

= -kb 
P0 P0 

 

k = Constant     b = Path thickness 

 

Beer’s law: The intensity of beam of monochromatic light decreases exponentially as 

the concentration of the absorbing substances increase arithmetically 

 

T = 
P 

= 10-k’c = log T = log 
P 

= -k’c 
P0 P0 

 

k’ = Constant     c = Concentration  

If we combine Lambert’s and Beer’s law 

 

T = 
P 

= 10-abc = log T = log 
P 

= -abc 
P0 P0 

 

a = Combine constant     b = Path thickness   c = Concentration 

Absorbance is reverse of transmittance   

 

A = -Log T = log 
1 

= log 
P0 

= abc 
T P 

 

Since, it is expressed in percentage  

A = log 
1 

x 100 = Log 100 - Log T = 2 - Log T 
T 

 

Note: The absorbance is also known as optical density  
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Apparatus/Instruments: 

1. Spectrophotometer,     2. Volumetric flask,    3. Pipette,          4. Graduated pipette  

5. Plastic bottle 

 

Reagents: 

1. 0.5 M sodium bicarbonate: Weight accurately 42g NaHCO3 dissolve and dilute 

to one litre with distilled water. Adjust the pH of this solution to 8.5 with 1 N 

NaOH. 

2. 1.5 % Ammonium molybdate: Dissolve 15 g Ammonium molybdate in 300 of 

warm distilled water. Filter the mixture if necessary and allow it to cool. Then add 

410 ml concentrated HCl gradually with mixing and dilute to 1 litre with distilled 

water. 

3. Stannous chloride: Dissolve 10 g SnCl2 in 25 ml concentrated HCl.  This solution 

is highly unstable if exposed to light because Sn+ gets oxidized to Sn2+. Keep in 

amber coloured bottle. Take 0.5 ml of this stock solution of SnCl2 and diluted to 66 

ml with distilled water at a time of analysis. Use this dilute solution for analysis. 

4. Phosphorus free activated charcoal  

5.   Standard P solution (50 mg P/l): Dissolve 0.2195g pure KH2PO4 in distilled water 

and make the volume 1 litre.  

6.  Working standard (2 mg P/l): Take 40ml of 50 mg P/l standard solution and diluted 

to 1 litre with distilled water.  

 

(A) Procedure for standard curve: 

1. Take 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10ml of 2 mg P/l solution in 50 ml volumetric 

flasks. 

2. To this 10 ml of 0.5M NaHCO3 and 10 ml of 1.5% Ammonium molybdate are 

added and mix well.  

3. Then add 1 ml of working stannous chloride and make the volume with distilled 

water. One blank is also prepared.  

4. Within 15 minutes, read the intensity of the blue colour on spectrophotometer at 

660 nm.  

5. Construct a standard curve between net optical density against the concentration 

of P and draw a graph factor. 

 

(B) Soil analysis 

Principle: 

The 0.5M NaHCO3 pH 8.5 solution is most suitable for neutral to alkaline soils 

and is design to control the ionic activity of calcium through solubility product of 

CaCO3, thus extracting the most reactive forms of P from Al-, Fe- and Ca-P. Phosphate 

in extract is measured by reaction of phosphate with ammonium molybdate in an acid 

medium to form molybdophosphoric acid. Molybdophosphoric acid is then reduced to 

blue coloured complex (reduced phosphomolybdenum blue) through reaction with 
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stannous chloride. Absorbance reading are taken at a 660nm wavelength using 

spectrophotometer. 

Procedure: 

1. Weight 5 g of 2 mm sieved soil into 250 ml plastic bottle. Add one teaspoon of 

activated charcoal and 100 ml 0.5 M NaHCO3 solution. 

2. Shake the bottle for 30 minute on mechanical shaker  

3. Filter the suspension through a Whatman No.42 Filter paper. 

4. Take 5 ml aliquot in a 25 ml volumetric flask 

5. Add 5 ml ammonium molybdate solution and add little quantity of distilled water 

and shake well  

6. Add 1 ml working SnCl2 solution in each 25 ml volumetric flask and make the 

volume up to 25ml with distilled water and shake well. 

7. Measure the transmittance of the solution at 660 nm wavelength in 

spectrophotometer during the time of 5 minutes after and 20 minutes before the 

addition of SnCl2 solution 

8. Determine P2O5 concentration in the given soil samples using standard curve 

 

 

 

Result: Available P2O5 (kg/ha)=____________ 

 

Advise for farmer: 

 

 

 

 

Based on the amount of available P2O5, soil been classified as follows:  

Low       :  < 28 kg/ha 

Medium :  28-56 kg/ha 

High       : > 56 kg/ha   

 

(Signature of the teacher) 

 

 

 

Answer the following question 

1. Which extractant is used for determination of available phosphorus from Soil?  

2. Name the method used in determination of available phosphorus from Soil? 

3. Name the reductant used in determination of available phosphorus from soil. 

4. Give the Lambert’s and Beer's law.  

5. Why 0.5 M NaHCO3 solutions are most suitable for P determination in neutral 

to alkaline soils? 
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(A) Observations standard curve: 

 

No. Aliquot taken 

from 

working standard 

(2mg P/l) ml 

Conc. of P in 50 ml 

diluted solution 

(mg/l)) 

% T O.D. Net O.D. 

1 0 0.00    

2. 1 0.04    

3 2 0.08    

4 3 0.12    

5 4 0.16    

6 5 0.20    

7 6 0.24    

8 7 0.28    

9 8 0.32    

10 9 0.36    

11 10 0.40    

12  Total (A)   Total (B) 

 

 

Graph factor = A 
= ________________ 

B 

 

Construct a standard curve between net optical density and the concentration of P 

 

(B) Observations for soil analysis: 

1. Weight of soil taken                                       = _________ 

2. Volume of extractant added                           = _________ 

3. Volume of the filtrate taken                           = _________ 

4. Final Volume                                                 = _________ 

5. Spectrophotometer reading for blank(OD)    = _________ 

6. Spectrophotometer reading for sample (OD) = _________ 

7. Optical density for blank =   2-log%T           = _________ 

8. Optical density for sample = 2-log%T          = _________ 

9. Net O.D. =Sample O.D. –Blank O.D.           = _________ 

10. Graph factor (GF)                                         = _________ 
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Calculations: 

 

P in soil (mg/kg) = Net OD x GF x 
100 

x 
25  

= ___________ 5 5  

  

 

 

P2O5 in soil 

(mg/kg) 
= Net OD x GF x 

100 
x 

25 
x 2.29 

 

= ___________ 5 5  

 

 

P2O5 in soil(kg ha)  = ppm P2O5 x 2.24= ____________ 

 

 

P2O5 in soil (kg/ha) = Net OD x GF x 
100 

x 
25 

x 2.29 x 2.24 
5 5 
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Exercise 12:  DETERMINATION OF AVAILABLE POTASSIUM FROM   

SOIL (Flame photometric Method) 

Principle of instrument:  

 Atomic emission is caused by the excitement of electron which jump from lower 

energy level to higher energy level. These excited electrons come back to their original 

energy level. While returning to their original energy level, electrons give out the 

absorbed heat energy in the form of characteristic radiation. By measuring the intensity 

of emitted radiation, we can measure the amount of element present in the sample. The 

basic equation governing the phenomena is: 

ΔE = E1 - E0 = hv = 
hc 

λ 

   Where; 

ΔE  : Difference in energy of two electronic state of energies E1 and E0 

E1 : Energy at excited state of electrons 

E0 : Energy at ground state of electrons 

h : Plank’s constant (6.626 x 10-27 erg) 

v : Frequency of radiation 

c : Velocity of light (2.998 x 1010 cm/sec) 

λ : Wavelength 

 Apparatus/Instruments: 

1. Flame photometer,  2. Volumetric flasks,  3. Ggraduated pipette  

Reagents: 

1. Neutral normal ammonium acetate solution: Dissolve 77.0 g ammonium acetate 

(CH3COONH4) in 1 liter distilled water. Adjust the pH to 7.0 by adding NH4OH 

or CH3COOH 

2. Standard K solution (1000 mg K/l): Dissolve 1.907g oven dried pure KCl in 

distilled water and make the volume 1 litre. 

3. Working standard: 25, 50, 75 and 100 mg K/L 

 

(A) Procedure for standard curve: 

6. Take 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100ml of 100 mg K/L solution in 

100ml volumetric flasks. 

7. Feed these diluted solution directly to Flame photometer and note the reading 

8. Construct a standard curve between Flame photometer reading against the 

concentration of K and draw a graph factor. 

. 
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(B) Soil analysis 

 

Principle: 

 Potassium in soil exists as water soluble, exchangeable, non exchangeable 

(fixed) and lattice-K. The first two forms constitute only a small part, normally not 

more than one per cent of the total content and are considered to be easily available to 

the plant. Only when these two forms are depleted, part of non exchangeable K moves 

to exchange sites and soil solution. Therefore, most of the methods suggested are based 

on the determination of easily available fraction i.e. water soluble and exchangeable K. 

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

shaken with neutral normal ammonium acetate. During the extraction ammonium ions 

replace potassium ions absorbed on the soil colloids (Colloid) K+ + CH3COONH4 →  

(Colloid) NH+ + CH3COOK). The extract is then filtered and potassium is determined 

with flame photometer. 

 

Procedure:   

1. Take 5 g soil in 150 ml conical flask or plastic bottle 

2. Add 25 ml of neutral N ammonium acetate solution and shake for 30 minutes on 

an mechanical shaker 

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

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

by atomizing 100 mg K/l solution   

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

 

Result: Available K2O /ha=__________ 

 

Advise for Farmer: 

 

 

 

Based on the amount of available potash, soil been classified as follows:  

Low        :  < 140 kg K2O /ha 

Medium  :  140-280  kg K2O /ha 

High       : >280 kg K2O /ha   

(Signature of the teacher) 

Answer the following question: 

1. Which extractant is used in determination of available potassium from Soil?  

2. Which method is used for determination of available potassium from Soil? 

3. Give the principle flame photometer. 

4. Calculate the weight of CH3COONH4 to prepare 1N Ammonium Acetate 

solution. 

5. Why the extractant Ammonium Acetate used in estimation of available 

potassium is called Neutral Normal? 
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Observations 

(A) For standard curve 

Sr. 

No. 

Volume taken from 100 

mgK/L in 100ml 

volumetric flask 

Concentration of K in 

solution (mg/l) 

Reading of flame 

photometer 

1 00 00  

2. 10 10  

3 20 20  

4 30 30  

5 40 40  

6 50 50  

7 60 60  

8 70 70  

9 80 80  

10 90 90  

11 100 100  

  Total (A) Total (B) 

 
 

Graph factor 
 

= 
A  

= 

 

____________ 
B 

 

Plot a standard curve between concentration K in diluted solution and flame photometer 

readingreadings. 

 

(B) Observations for soil sample: 

1. Weight of soil taken                                           = ----------------- 

2. Volume of N ammonium acetate added            = ----------------- 

3. Sample reading on flame photometer (R)          = ----------------- 

4. Graph factor (GF)                                               = ----------------- 

5. Dilution factor if any:                                         =___________ 

 

Calculation 

          

K2O in soil (kg/ha)   = R x GF x 
25 

x 1.20 x 2.24 
5 

 

                                   = ______________ 
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Exercise 13:  DETERMINATION OF AVAILABLE SULPHUR FROM SOIL 

(Turbidity method) 

  

Apparatus: 

1. Spectrophotometer, 2. Volumetric flasks,  3. Pipette, 4. Graduated pipette,                5.  

Plastic bottle  

Reagents: 

i. 0.15% CaCl2 2H2O: 1.5 g of CaCl2 2H2O dissolve in distilled water and make 

volume one litre 

ii. Morgan’s reagent: Dissolved 100g sodium acetate in 800ml distilled water. 

Adjust the pH 4.8 by adding glacial acetic acid and make volume 1 litre.  

iii. Gum acacia solution: Dissolve 0.5g pure gum acacia in 200ml distilled water. 

Filter the solution with Whatman No. 42 filter paper to get clear filtrate. Check 

the clarity of solution before use 

iv. Barium chloride: Ground the barium chloride crystal with mortar and pestle to 

get fine powder 

v. Standard S solution (50 mg S/l): Dissolve 0.2717g pure potassium sulphate in 

distilled water and make the volume 1 litre 

(A) Standard curve for S: 

Procedure: 

6. Take 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10ml of 100 ppm S solution in 50 ml volumetric 

flasks. 

7. To this 20 ml of Morgan’s reagent and 20 ml of 0.15% CaCl2 are added. 

8. Then add 2 ml of Gum acacia solution and one spoon barium chloride and mix 

well and make the volume with distilled water. 

9. After waiting for 20 minute read the turbidity absorption on spectrophotometer at 

410 nm wavelength. 

10. Construct a standard curve between absorption (OD) against the concentration of 

S and draw a graph factor. 

(B) Soil analysis 

 

Principle:  

 Besides some amount in soil solution, available S in mineral soils occurs mainly 

as adsorbed SO4
2- ions. Both CaCl2 and phosphate solutions are generally used 

for replacement of SO4
2- ions. Uses of Ca salts have a distinct advantage over 

those of Na and K, as Ca prevents deflocculation in heavy textured soils and leads 

to easy filtration. SO4
2- in the extract can be estimated turbidimetrically using 

spectrophotometer.         
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Procedure: 

1. Transfer 10 g soil into a 100 ml capacity plastic bottle 

2. Add 50 ml 0.15% CaCl2 to it 

3. Shake it for 30 minute on mechanical shaker 

4. Filter the suspension and pipette 20 ml aliquot into 50 ml volumetric flasks  

5. Add 20 ml Morgan's reagent, 2 ml gum acacia and one spoon barium chloride. 

6. After 20 minute, measure the turbidity in spectrophotometer at 410 nm wavelength 

and  

       Determine S concentration in the given soil samples using standard curve 

 

Result: Available S (mg/kg) = _____________ 

 

Advise to farmer: 

 

 

 

 

Based on the amount of available S, soil been classified as follows:  

Low < 10 mg/kg  

Medium 10-20 mg/kg 

High > 20 mg/kg  

 

 

 

 

      (Signature of the teacher) 

 

 

Answer the following question: 

1. Which extractant is used for determination of available sulphur from Soil?  

2. Name the method used in estimation of available sulphur from Soil? 

3. Give the principle of Spectrophotometer? 

4. Name the metods that is used in determination of available sulphur from Soil?  

5. How to prepared 50 mg S/l from potassium sulphate? 

6. Which wavelength is selected on spectrophotometer for determination of 

available sulphur from soil. 

7. Give the rating for available sulphur in soil. 
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(A) Observations for standard curve: 

No. Aliquot taken from 

working standard 

(50 mg S/l) ml 

Conc. of S in 50 ml 

diluted solution 

(mg /l) 

O.D. Net O.D. 

1 0 0   

2. 1 1   

3 2 2   

4 3 3   

5 4 4   

6 5 5   

7 6 6   

8 7 7   

9 8 8   

10 9 9   

11 10 10   

12  Total (A)  Total (B) 

 

Graph factor = A =  

B 

Construct a standard curve between net optical density and the concentration of S 

(B) Observations for soil sample: 

17. Weight of soil taken                                     = 10g 

18. Volume of extractant added                         = 50    ml 

19. Volume of the filtrate taken                         = 20 ml 

20. Final Volume                                               = 50 ml  

21. Spectrophotometer reading for blank (OD)  = ______  

22. Spectrophotometer reading for sample OD)  = ______  

23. Net O.D. =Sample O.D. –Blank O.D            = ______  

24. Graph factor   (GF)                                         = ______  

 

Calculations: 

 

S in soil (mg/kg) = Net OD x GF x 
50 

x 
50  

= ___________ 10 20  
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Exercise 14: DETERMINATION OF DTPA EXTREACTABLE 

                   MICRONUTRIENTS FROM SOIL USING 

                        (Atomic Absorption Spectrophotometer method)  

Principle of instrument:  

 
 Many gaseous metal atoms normally remain at unexcited state (in ground state) 

but these atoms are capable of absorbing radiant energy of their own specific resonance 

wavelength, which in general, is a wavelength of radiation that the atom would emit, if 

they are excited from ground state. Hence, if the light of resonance wavelength is passed 

through a flame containing the atoms, the part of light will be absorbed and the extent 

of light absorption will be proportional to the number of ground state atom present in 

the flame. The process can be summarized as follows   

 

M        +       hv       →        M* 

                      (Ground state atom)                  (Excited atom) 

   

Soil analysis: 

Principle: Diethylene Triamine Penta Acetic acid (DTPA), a chelating agent, combines 

with free metal ions in solution and forms soluble complexes. Due to the reduced ionic 

activity in solution desorption takes place, bringing some more ions in solid phase. 

DTPA offers the most favourable combination of stability constant for simultaneous 

complexing of Fe, Mn, Zn, and Cu. DTPA. Suitability of this method has been proved 

through excellent relationships between the test value and plant utilizable nutrients 

under pot and field studies conducted world over. 

 

Chopper 
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Apparatus/Instruments/Equipments: 

1. Mechanical shaker,  2. AAS,  3. Plastic bottle,  4. Whatman No. 42 filter paper 5. 

Funnel,   6. Chemical balance   7. Beaker  

Reagents: 

1. DTPA extractant (0.005M DTPA, 0.1M TEA and 0.01M CaCl2.2H2O): 

Dissolve 1.967 g of AR grade diethylene triamine penta acetic acid (DTPA) and 1.47 g 

of  CaCl2.2H2O in about 25 ml of double distilled water by adding 13.3 ml of 

triethanolamine (TEA), followed by 100 ml more of DDW. Transfer the solution to one 

litre volumetric flask giving 4 to 5 washing. Just before making the volume, adjust pH 

to 7.3 with dilute HCl. 

 

2. Standards:: To calibrate the AAS for each element  

Fe:  1.0, 2.0, 3.0 and 4.0 ppm 

Mn: 0.5, 1.0, 2.0 and 3.0 ppm 

Zn:  0.3, 0.6, 0.9 and 1.2 ppm 

Cu:  0.4, 0.8, 1.2 and 1.6 ppm 

Soil analysis: 

(A) Extraction 

1. Weigh 10 g of soil sample in 100 ml of plastic bottles. 

2. Add 20 ml of the DTPA extractant ( keep soil: DTPA ratio - 1:2) and shake for 2 

hours on a mechanical shaker at 120 rpm. 

3. Filter through Whatman No. 42 filter paper in a 50 ml beaker. 

4. Use this filtrate for micro nutrient measurement on AAS. 

 

(B) Analysis 

1. Calibrate the AAS through standard procedure  

2. Then feed the DTPA extracts and record the concentration of the element. 

3. Repeat the above steps for every element. 

4. If the concentration of element in the sample is above the standardize range, then 

make dilution and feed the sample again and record the concentration. 

 

Results: 

(1) Concentration of DTPA extractable Fe=  _________  mg/kg 

 

(2) Concentration of DTPA extractable Mn= _________ mg/kg 

 

(3) Concentration of DTPA extractable Zn= _________ mg/kg 

 

(4) Concentration of DTPA extractable Cu= _________ mg/kg 
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Advise to farmer: 

(1) 

 

(2) 

 

(3) 

 

(4) 

 

Based on the amount of available Micro nutrients, soil has been classified as 

follows: 

Elements Low Medium High 

(mg/kg or ppm) 

DTPA-Fe <  5.0 5.0-10.0 >10.0 

DTPA-Mn <  5.0 5.0-10.0 >10.0 

DTPA-Zn <  0.50 0.50-1.00 >1.00 

DTPA-Cu <  0.20 0.20-0.40 >0.40 

a. If DTPA-Fe is in low range, advise the farmer to add 50 kg ferrous sulphate per 

hectare (once in three years).  

b. If DTPA-Mn is in low range, advise the farmer to add 10 kg manganese sulphate 

per hectare(once in three years).  

c. If DTPA-Zn is in low range, advise the farmer to add 50 kg zinc sulphate per 

hectare (once in three years).   

d. If DTPA-Cu is in low range, advise the farmer to add 5 kg copper sulphate per 

hectare (once in three years).   

 

 

(Signature of the teacher) 

 

 

Answer the following question 

1. Which extractant is used for determination of cationic micronutrient from Soil?  

2. Name the method that is used for determination of cationic micronutrient from 

Soil. 

3. Give the principle Atomic Absorption Spectrophotometer . 

4. Give the full form of DTPA. 

5. Why DTPA is used as an extractant for determination of micronutrient from 

soils? 

6. Name the essential cationic and anionic micronutrients for plant. 

7. Name the chemicals used in preparation of DTPA extractant. 

8. Suggest the names of cationic micronutrient fertilizers for soil application. 
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Observations: 

1. Weight of soil sample taken                        =_______ g 

2. Volume of DTPA solution added in soil                                            =_______ ml 

3. Reading of AAS  (R)                                                         =_______ ml 

 

 

 

Calculation: 

DTPA extractable micronutrient (mg/kg) 

 

: 

 

 

R 

 

X 

 

Vol. of DTPA 

Wt of soil  

                                                                                               

                                                                                       =________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Important Conversions   
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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) 


