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FOREWORD

The need of a Manual for Soil and Plant Analysis with the methods suitable to our
condition has been felt for many years by most of the Soil Scientists engaged in testing
work at different soil laboratories of the country. This manual is, therefore, set forth with
the hope of arriving at a more uniform set of analytical methods and better co-ordination
among the soil laboratories. With uniformity of methods of analysis, the data from the
laboratories can be compared directly and conclusions can be drawn easily. The content
of the Manual is an addition of Plant Analysis and some more methods of Soil Analysis
including the micronutrient analysis to the previous one - *Soil Test Manual” by the
author. I hope, the additional procedures, will help soil laboratories to carry on diagnostic
works which provide more information to the research scientist towards solving nutrient

related problems.

Dr. S.L. Maskey

Chief, Soil Science Division
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PREFACE

This manual has been prepared to provide a more uniform set of analytical methods and
better co-ordination among the soil laboratories in Nepal. With uniformity of analytical
methods, data from the laboratories can be compared directly and conclusions can be

drawn more easily.

This manual adds plant analysis and additional methods of soil analysis to the previous
one " Soil Test Manual " written by the author. The additional procedures will help soil
laboratories to conduct diagnostic work more effectively and provide more back up to the

research scientists to help solve the problems related to the agriculture production in

Nepal.

The author is confident that the methods described in this manual are suitable for the soil
laboratories in the country. In some determinations, more than one method are given
which may be necessary due to soil factors. The majority of the determinations form the
basic routines of the soil laboratory, while some determinations are suited to particular
classes of soil, In choosing methods and procedures, the author has used his experience
from different laboratories concerning the condition, available facilities and equipment
and has not included methods based on the need for relatively expensive equipment except
in the case of micronutrient. However, some basic facilities like fume cupboard, exhaust
system and moderately expensive equipment like spectrophotometer and flame photometer
are necessary which will increase the accuracy and rate of analysis to a greater extent as

in the case of potassium determination,

The single extractant method for four micronutrient Zn, Cu, Fe and Mn is a relatively
simple procedure and reduces the chances of contamination, which has been a big
problem in trace element analysis in the past and justifies the use of an expensive Atomic

Absorption Spectrophotometer (AAS).
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The determination of trace elements needs to be confined for the time being to a place
where AAS is available and where the contamination problem can be controlled. This
state of affairs may change and AAS may also be used in the future for the determination
of Ca & Mg. In case of boron (B) analysis the previous curcumine method is replaced by
the azomethine-H method as it is simpler and is useful even in the presence of a wide

variety of salts.

As the scientists and technicians working in the laboratory have to deal constantly with
the chemicals and reagents, some information about the reagents and chemicals,
hazardous chemicals and standardization of acid and base are given in first chapter.
Preparation of soil sample and the determination of its physical properties are included in
second chapter. Chemical analysis of soil are given in third chapter. The analytical
methods for cation exchange capacity and exchangeable cations are given in the fourth

and fifth chapters whereas the sixth chapter deals with the methods for plant analysis.

I shall be grateful if the reader and users would send suggestions for improvement.
Shanker B. Pradhan
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Chapter I

Chemicals and Standardization of Acid and Base

Some information about the reagents and chemicals, list of hazardous chemicals and
standardization of acid and base are described in this chapter.

1) hemi

Chemicals are supplied commercially in different grades, the purest being Aristar,
followed by Analytical Reagent or Reagent Grade or Guaranteed Reagent, Chemically
Pure or Extra Pure, Technical or United States Pharmacecopea B.P., & Laboratory
Reagent.

Grades of the Chemicals are abbreviated as follows

Analytical Reagent (BDH Company of UK or India) = AR.

Chemically Pure (" " * )= CP.
Laboratory Reagent (" * " }=LR
Guaranteed Reagent ( E. Merck W. Germany or India) = GR.
Extra Pure ( " " " )= EP.

United States Pharmacecopea ( U.S. Companies ) = USP,

Each of the various grades has a distinct purpose and range of uses for which it is
satisfactory. For standards and primary reagents, Reagent Grade or AR or GR Chemicals
should be used.

2) Strengths of concentrated Acids and Bases

Manufacturers express the strength of concentrated acids and bases of liquid form in
terms of specific gravity. However, in the laboratory, their strength is best expressed on
the basis of Chemical equivalence or normality. Given below is the normality of some
concentrated acids and bases - Table 1.1.



Reagent Concentration Approximate

) Specific
Normality Percent by wt. Gravity
Hydrochloric Acid 11.6 37-38 1.19
Sulphuric Acid 35-36 97-100 1.84
Glacial Acetic Acid 17.5 99.5 1.13
Nitric Acid 16 70-71 1.42
Perchloric Acid 9-11.6 60-70 1.51-1.67
Phosphoric Acid 45 85 1.71
Ammonium Hydroxide 15 28-29 0.91
Solutions:

1. Molar solution: Dissolve one molecular weight of the chemicals in
one liter of solvent e.g 74.5 gm. Potassium Chloride (KCl)
dissolved in 1 liter of water - IN KCL

2. 10 % solution: Dissolve 10 gms. of substance in 100 ml. water or
alcohol or any other solvent.

3. Normal solution: Dissolve one gm. equivalent weight of chemicals

per liter of solvent [e.g. 74.5 gm. KC1 per liter. or 50.05 gm
CaCO; per liter water].

Cohodation m‘f”"‘”Mj 4 Qvesgeds
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Table 1.2 ivalent and Molecular weights of som

Eq.wt.
1. KCl (Potassium Chloride) 74.5
2. K,Cr,O,(Potassium Dichromate) 49.04
3. KMnO,(Potassium Permangnate) 31.6
4. CaCOy(Calcium Carbonate}) 50.05
5. MgCO,(Magnesium Carbonate) 42.16
6. Na,C,0,(Sodium Oxalate) 67.0
7. NaOH (Sodium Hydroxide) 40.0

8.KHC,H,O, (Potassium acid phthalate)  204.228

Cleaning Solutions:

mmon n

Mol.wt

74.5
294.22
158.0
100.1
84.32
134.0
40.0
204.228

1. 1:1 HCI - Dilute 100 ml. concentrated hydrochloric acid with 100 ml.

water,

2. Chromic Acid - Dissolve 5.0 gm. K,Cr,0, or Na,Cr,O; in minimum

amount of water & add one liter L.R. H,SO,.

3. Aqua Regia - Mix 300 ml. of conc. HCI with 100 ml. of conc. HNQ,.



3. Standardization of Acid

Principle:

Dilution of the concentrated acid to required strength will be approximate only. Exact
strength of the diluted acid should be determined by titrating it with primary standard
base or alkali of known strength.

a) Using primary standard base:
Apparatus:

1) Oven

2) Balance analytical

3) Watch glass

4) Erlenmeyer flask 250ml
5) Burette

Reagents:

1) Sodium Carbonate: Oven dry AR or GR quality anhydrous sodium
carbonate contained in watch glass to 120°C for 2hours and cool in
desiccator.

2) Hydrochloric acid: Dilute 8.5ml of concentrated hydrochloric acid to 1L
(approximately 0.1N)

3) Methyl Orange indicator: Dissolve 0.1gm methyl orange in 100ml
distilled water.

4) Reference solution: Add 4 drops of methyl orange solution to 80 ml
distilled water.



Procedure:

Accurately weigh enough dried anhydrous sodium carbonate ( about 0.21gm ) to titrate
about 40ml HCI, transfer into 250m! erlenmeyer flask and dissolve in about 40mi distilled
water. Add 4 drops of methyl orange indicator and titrate with hydrochloric acid in
burette until color begins to deviate from reference solution. Boil the solution gently for 2
minutes and titrate again until the color is barely different from reference solution.
Repeat the titration with separate lot of Na,CO; till the result is constant.

Calculation:

gm Na,CO, x 1000

Normality of the acid
ml acid used x 52.997

where, 52.997

Equivalent weight of Na,CO,.

b) Using Sodium Hydroxide:

Sodium hydroxide is deliquescent chemical and can not be used as primary standard. To
use NaOH for the standardization of HC, it has to be standardized first.

Apparatus:
1) Burette
2) Pipette 20ml
3) Erlenmeyer flask

Reagents:

1) Standard NaOH solution: Prepare approximately ¢.02N NaOH and
standardize using potassium acid phthalate (KHCH,O,) as described below.

2) Hydrochloric acid: Prepare approximately 0.02N HCI by diluting 8.5ml
concentrated hydrochloric acid to 1L.

3) Phenolphthalein indicator.



Procedure:

Pipette 20ml aliquot of HCI in three 250ml erlenmeyer flasks. Add about 20m! distilled
water, boil gently for 2 minutes and add 2-3 drops of phenclphthalein indicator. Titrate it
with NaOH until the solution just turns pink which persists for 1 minute. Repeat the
titration until the titration value does not differ by more than 0.1ml.

Calculation:

Volume of NaOH consumed x normality of NaOH
Normality of acid =
Volume of aliquot (acid)



4.  Standardization of Base

Apparatus:

1) Erlenmeyer flask 250mi
2) Burette 50ml

3) Pipette 20ml

4) Beaker 250ml

5) Desiccator

6) Watch glass

Reagents:

1) CO,-free distilled water: Boil H,O for 20 minutes and cool with soda-lime
protection
2) Sodium hydroxide solution:

a) Prepare 10% NaOH by dissolving 10gm NaOH in 100ml
distilled water. Set aside the 10% NaOH solution, closed
with rubber stopper until Na,CO, has settled leaving
perfectly clear liquid (about 10 days).

b) Dilute 10.8-11.0 mi of 10% NaOH solution to 10L
(approximately 0.02N)
3) KH phthalate; Dry AR/GR/Extra pure/NBS Standard reagent at
120°C for 2 hours and cool in desiccator containing H;SO,.
4) Phenolphthalein indicator: Dissolve 0.1gm phenol- phthalein in
100mi ethanol.

Standardization;

Accurately weigh separately, enough dried KHC;H,O, to titrate about 40ml NaOH in
three 250ml flask that has been swept free from CO,. Add about 50ml cool and CO, free
H,0. Stopper the flask and swirl gently until sample dissolves. Add 3 drops of
phenolphthalein and titrate with NaOH solution till the color just turns pink which persists
for 1 minute. Titration is repeated until the volume of NaOH consumed does not differ
more than 0.1ml.



Calculation;

Normality N =

where,

gm. KHC,H,0O, x 1000

ml. NaOH used X 204.228

204.228 = Equivalent weight of KHC,H,O,
N = Normality of NaOH































































































































































































































































































































































