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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, s€t forth with

the hope of arriving at a more uniform set of analytical methods and better coordination

among the soil laboratories. With uniformity of methods of analysis, the data from the

laboratories can be compared directly and conclusions can be drawn e^qily. The content

of the Manual is an addition of Plant Analysis and some more methods of Soil Analysis

including the micronutrient andysis to the previous one - ,SoiI Test Manualn by the

author. I hope, the additional procedures, will help soil laboratories !o carry on diagnostic

works which provide more information !o the research scientist towards solving nutrient

related problems.

Dr. S.L. Maskey

Chief, SoiI 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 !o 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 soij

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 chmsing methods and procedures, the author has used his experience

from different laboratories conceming 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, C!, 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 justihes the use of an expensive Atomic

Absorption Specfiophotometer (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. ln case of boron @) 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

hazardous chemicals ard standardization of acid and base are given in first chapter.

Preparation of soil sample and the determination of its physical propedes 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 where^s 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

Chemicah 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) Grades of Reasents and Chemicals

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

Grades of the Chemicals are abbreviated as follows

tualytical Re^gent @DH Company of UK or India) = 4p.
Chemically Pure ( '
I-aboratory Reagent ('
Guaranteed Reagent ( E. Merck W. Germany or lndia) = 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) Stren4hs 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.
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Re^gent Concentration Approximate
Specific

GravityNormality Percent by wt.

Hydrochloric Acid 11.6 37-38 l. 19

Sulphuric Acid 3s-36 97-100 1.84

Glacial Acetic Acid 17.5 99.5 l.13

Nitric Acid t6 70-71 1.42

Perchloric Acid 9-11.6 6G70 l.5l-1.67

Phosphoric Acid 45 85 L.7t

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 - lN 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 1e.g.74.5 gm. KCI per liter. or 50.05 gm

CaCO, per liter waterl.

Ct&t4$ -[
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Table 1.2 Equivalent and Molecular weights of some common reagents

Eq.wt. Mol.wt

1. KCI @otassium Chloride)

2. &C rrQeotassium Dichromate)

3. KMnO.(Potassium Permangnate)

4. CaCO, (Calciu m Cartonate)

5. Mgcq(Magnesium Carbonate)

6. NarCrO.(Sodium Oxalate)

7. NaOH (Sodium Hydroxide)

8.KHC'II.O1 @otassium acid phthalate)

Cleanine Solutions:

l.

74.5

49.U
3r.6
50.05

42.16

67.0

40.0

20/'.228

74.5

294.22

158.0

100.1

u.32
134.0

40.0

2U.228
I

2.

3.

1:l HCl - Dilute l00 ml. concentrated hydrochloric acid with 100 ml.
water.

Chromic Acid - Dissolve 5.0 gm. KrCrrQ or NarCrrO, in minimum

amount of water & add one liter L.R. HrSO..

Aqua Regia - Mir 300 ml. of conc. HCI with 100 mt. of conc. HNQ.
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3. Standardization of Acid

Principle:

Dilution of the concentrat€d 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) Usine primary standard base:

Apparatus:

1) Oven

2) Balance analytical

3) Watch glass

4) Erlenmeyer flask 250m1

5) Burette

Reagents:

1) Sodium Carbonate: Oven dry AR or GR quality anhydrous sodium

carbonate contained in watch glass to l2trC for 2hours and cool in

desiccator.

2) Hydrochloric acid: Dilute 8.5m1 of concentrated hydrochloric acid to lL
(approximately 0.119

3) Methyl Orange indicator: Dissolve 0.lgm methyl orange in 100rnl

distilled water.

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

distilled water.

5



Procedurt:

Accurately weigh enough dried anhydrous sodium carbonate ( about 0.21gm ) !o titrate

about 40ml HCl, transfer into 250m1 erlenmeyer flask and dissolve in about 40ml distilled

water. Add 4 drops of methyl orange indicator and titmte 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 NqCO, till the result is constant.

Calculation:

gm NarCO3 x 1000

Normality of the acid =
ml acid used x 52.997

wherc, 52.997 = Equivalent weight of NarCOj.

b) Using Sodium Hydroxide:

Sodium hydroxide is deliquescent chemical and can not be used as primary standard. To

use NaOH for the standardization of HCl, it has to be standardiz€d first.

Apparatus:

1) Burette

2) Pipette 20ml

3) Erlenmeyer flask

Reagents:

l) Standard NaOH solution: Prepare approximately 0.02N NaOH and

standardiz€ usinB potassium acid phthdate (KHCTILq) as described below.

2) Eydrochloric acid: Prepare approximately 0.02N HCI by diluting 8.5m1

concentrated hydrochloric acid to lL.

3) Phenolphthalein indicator.

6



Procedurp:

Pipette 20ml aliquot of HCI in three 250m1 erlen meyer flasks. Add about 20ml distilled
water, boil gently for 2 minutes and add 2-3 drops of phenolphtha.lein indicator. Tirate it
with NaOH until the solution just turns pink which persists for 1 minute. Repeat the

tiration until the titration value does not differ by more than 0.1mI.

Calculation:

Volume of NaOH consumed x normality of NaOH

Normality of acid =
Volume of aliquot (acid)

7



4. Standardization of Base

Apparatus:

1) Erlenmeyer flask 250m1

2) Burette 50ml

3) Pipette 20ml

4) Beaker 250m1

5) Desiccator

6) Warch glass

Reagents:

1) COr-frte distilled water: Boil HzO for 20 minutes and cool with soda-lime

prot€ction

2) Sodiurn hytlroxide solution:

a) Prepare 10% NaOH by dissolving lOgm NaOH in lOOrnl

distilled water. Set aside the l0% NaOH solution, closed

with rubber stopper until NarCQ has settled leaving

perfectly clear liquid (about l0 days).

b) Dilute 10.8-11.0 ml of 10% NaOH solution t,o lOL
(approxi mately 0.02N)

3) KE phthalate: Dry AX/GR rExtra pure/NBS Sbndard reagent at

12dt for 2 hours and cool in desiccator containing HrSO..

4) Phenolphthalein indicator: Dissolve O.lgm phenol- phthalein in
100m1 ethanol.

Standardization:

Accurately weigh separately, enough dried KHCsII{O4 to titrate about 40ml NaOH in

three 250m1 flask that has been swept free from COr. Add about 50mI cool and CQ free

HrO. 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 I minute. Titration is repeated until the volume of NaOH consumed does not differ
more than 0. lml.

8



Calculation:

gm. KHCrIl.On x 1000

Normaliry N :
rnl. NaOH used X 204.228

where, 2U.228 = Equivalenr weight of KHC.ILO{
N = Normality of NaOH

9



5. Common Hazardous Chemicals

Chernical Life Hazard

l. Acetic Acid

Fire Hazard

Dangerous in contact

with chromic acid,

materials

A volatile liquid.

Gives off vapor which

form with air flammable &
explosive mixture.

Not combustible but

evolves Cl, and at

higher temp. Or.

Causes oxidizing affect

resulting in heating &
may cause fire when

contact with organic

matter.

Heats upon contact with

water or moisture.

Swells when moist & may

burst container.

2. Acetone

3. Bleaching

Powder

(Calcium

Hypochlorite)

4. Bromine

5.Calcium

Oxide

May cause painftl
burns of skin

NarO, or HNOr, yields

rnoderaely flammable

vapors above flash

poitrt 104F.

Toxicity of
comparatively

Iow order

Corrosive.

Irritating to

skia, eyes,lungs.

Corrosive; at

ordinary temp.

gives off poisonous

suffocating vapon

Storage

Isolate from

oxidizing

Keep away

from flame

Isol ate, safeguard

against

mechanic:l

injury.

Isolate; store

in dry place.

l0

Sore in cool,

dry & well

ventilated place.



Chemical

6. Hydrochloric

Acid

7. Hydro fluoric
Acid

8. Hydrocyanic

Acid

9. Hydrogen

Peroxide

Life Hazard

Aqueous solution

is corrosive,

irritating &
poisonous. Fumes

are corrosive &
iritating to
mucous membrane.

Poisonous. Few

breaths may cause

unconsciousness &
death.Avoid

contact with skin.

Prolonged exposurs

to vapor

irritating.

I'ire Hazard

In contact with metals,

H, is wolved which may

form explosive mixture

with air.

Forms flammable &
explosive mixture with

air.

May cause ignition of
combustible matter if
left standing in

contact with it. May

decompose violently if
conBminated with Fe,

most metals &
their sals.

Storage

Safeguard agahs
mechanical injury

Keep away &om

oridiziDg agents,

particularly HNQ
chlorates.

Isolate,Safeguard

against mechanicd

injury.

Isolate. Keep away

from any source

of heat. Safeguard

against mechanical

injury.

Store in a cool

place veatilated

containers rermte

from combustible

materials,

catalytic Cu, Cr &
materials,

Fe, Cu, Cr.

11

Yapors highly

toxic & irritating

to skin, eyes &
respiratory tract

Fumes produced by

coDtact with NH3 &
many metals is

poisonous. May be

neutralized with

chalk, NaHCOr.

Not combustible, but

volatile & reacts with
glass & most substances

except Pt.



Chemical

10. Hydrogen

Sulphide

1 1. Lead

Nitrate

12. Niric Acid

13. Phenol

14. Potassium

Chlorate

(Sodium-

Chlorate)

15. Potassium

Cyanide

(Sodium

Cyanide)

16. Potassium

Permanganate

Life Hazard

Toxic 0.05-0.07%

by vol. in air
causes dangerous

illoess in l/2 o
I hour.

Poisonous

Corrosive, causes

swere burns by

contact; deadly if
inhdd.

Poisonous

Dangerous under

fue condition

Highly poisonous

when taken

internally. Evolves

hydrocyanic acid

(poisonous) on

contact with acids

or moisture.

Fire Hazard

Flammable gas. Forms

flammable & explosive

mixfure with air or O..

Oxidizing material.

May cause ignition wheo

in contact with

mmbustible materials.

When heated yields

flammable vapors

Explosive when in

contact with combustible

materials.

Not flammable

Oxidizing material.

Explosive when treated

with sulphuric acid,

and in contact with

alcohol,ether,fl ammable

gases & combustible

materials.

Storage

Store in ventil-

ated place away

from fuming HNO.

& oxidizing

materials.

Isol ate, safeguard

against mechani-

cal injury.

Safeguard against

meclanical injury

Never store with

or above food

products.

Isolate ftom

combustible

material, acids

and sulphur.

Isolate,safeguard

conrliners again-

st mechanical

injury.

Isolue from

chemicals noted

under fire hazard.

12



Chemical

17. Potassium

Nitrate
(Sodium-

Nitrate)

I t. Potassium

Perchlorate

(Sodium-

Perchlorate)

19. Potassium

Peroxide

(Sodium-

Peroxide)

20. Silver

Nitrate

21. Sulphuric

Acid

Life Hazard

Strong caustic

reaction ard

dangerous under

fue conditions.

Avoid breathing,

and wear goggles

to protect eyes.

Corrosive and

poisomus

Corrosive; dangerous

fumes under fire

condition.

fire Hazard

In contact with organic

materials causes violent

combustion on ignition.

Combustible in contact

with organic materials.

Explosive in contact

with concentrated

sulphuric acid.

Oxidizing material.

May cause ignition by

contact with combustible

materials. Corrodes

metal.

StorBge

Store in dry

place prevent

contact with

organic material.

Store in dry place

away from acid

and combustible

material.

Store remote from

organic substance

and water.

Store in cool and

dry place away

from combustible

materials.

Safeguard against

mechanical injury,

isolate from salt

peter, metallic

powder, carbides,

chlorates &
combustible

materials.

13

Does not burn or explode

per se but mixed with

combustible substances

are explosive and

igrite easily even by
friction or on contact

with a small amount of
water. Reacts vigorously

with water and in large

quantity this reaction

may be explosive.
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Chapter tr
SoiI Analvsis-PhJsical

This chapter deals with the preparation of soil samples and the determination of its
physical properties.

After air drying, soil sample is crushed gen y with a wooden pestle and mortar and
sieved through 2 mm sieve. Part of 2 mm soil is again sieved through 0.2 mm sieve for
organic matter determinatioo and packed in a piece of paper. The finer soil in the paper is
kept at the top of the soil sample in the plasic bag.

2. Hvgroscooic Molsture of Soil

Princiole:

Apparatus:

(l)
(2)
(3)
(4)
(5)

Oven with means for controlling temperature to l0O l lOC.
Desiccator (Mg-perchlorate or calcium sulphate)
Spatula
Aluminum can with lid or weighing bottle.
Balance, (Analytical)

15

l. hepsration of Soil SamDle:

The soil sample arrived at the laboratory should first be labelled with the laboratory
number on a piece of long lasting material or paper, with water proof ink or paint, since
the label has to rernain permanently with the sample. The sample container usually a
plastic bag, should also be marked with same number. The soil sample is then qpread on
tray, the stones and undecomposed organic matter are discarded and large aggregates are
broken. kbelled tag should be with the sample and the plastic bag undemeath the tray to
ensure the identification of sample after drying. Sample tray is left in the room or shade
to air dry the soil.

Direct or indirect measures of soil water contert are needed in practically every type of
soil study. In the laboratory, determination and reporting of many physical and chemical
properties of soil necessitates lnowledge of water content b€cause the soil water content
varies according to humidity and therefore, the calculation of data should be on the basis
of dry soil. In soils work, water content traditionally has been expresed as the ratio of
the mass of water present in a sample to tlre mass of the sample after it has been dried to
constant weight or as the volume of water prcsent in a unit volume of the sample. Oven
drying method of evaporating water has boen accepted for the water content
determination .



3

kocedure

Weigh about 10 gm of soil in dry, cool aluminum can or weighing bottle with lid. Place
it with lid half opeo in the oven. Adjust the temperature of the oven at 105eC and heat it
over night at constant temperature. Lei it cool in desiccator with lid slightly open for an
hour and weigh in ualytical balance. Heat it again ir the oven at 105rc for 2hn, cool in
tlre desiccator for an hour and weigh as beforc. Rep€at the heating, cooling and weighing
till the weight is constant.

Calculation:

Weight of fresh soil - oven dry wt. of soil
Hygroscopic moisture % x00

Oven dry wt. of soil

Particle Size Distribution O{echanical Analysls)

Principle

Mechanical analysis separates the inorganic mineral portion of soil into classified grades

according to particle size and determine thek relative proportions by weight. In ful
analysis, the whole sample of soil and gravel would be examined, but in the procedures
given below only material less than 2mm diameter is considered. Two main systems of
classification of the particle sizz, namely USDA system and International system, arc
common, out of which USDA system procedure is described here.

United States Department of Agricultur€ (USDA) System.

Classification Particle Size (mm)

Very coarse sand 2-1.0

Coarse sand 1{.5

Medium sand 0.5-0.25

Fine sand 0.254.10

Very fine sand 0.10-0.05

silt 0.054.002

Clay <0.002

For routine analysis Hydrometer method is convenient, rapid and accurate anough. In this
m€thod, soil samples, affer treating with dispersing agent is allowed to senle freely.
According to Sioke's law, senling rate for the soil particles is proportimal to the squane

16



of the diameter of particles at a particular temperatur€, at a particular place. Therefore
special soil hydrometer, calibrated to rcad th€ percent of solid gives silt and clay in 40
sec. reading and clay at 3hrs. Organic mattcr, calcium carbonate and rclublc salt, if
present in appreciable amount, should be removed by treating with hydrogen peroxide and
hydrochloric acid before dispening soil for analysis.

Apparetus

l) Soil hydromelcr ASTM graduated G5 to 60)
2) Hydrometer lar
3) Mechanical Stirrer
4) Dispersion cup
5) Beakers 250 ml
6) Pipette, l0 ml.

Reagents

r) Sodium Eexametaphosphete: Dissolve l0l gm of Sodium
Hexametaphosphate in I L wat€r.

Procedure:

Weigh 100 gms of soil in a 250 mI beaker and add sufficient water !o cover the soil.
Then add 20ml of sodium hexametaphoshate solution, stir well with a glass rod and leave
overnight. Transfer it in a dispersion cup and add sufficient water to fill trro-third of the
cup. stir for l0 minutes in the mechanical stirrer, transfer in the hydrometer jar and make
up the volume to the mark with the hydrometer in it. Remove the hydrometer and shake
the jar upside down several times closing the mouth either by hand or cork. when the soil
is well dispersed kee.p it in the table and note the time immediately. Immerse tic
hydrometer in the jar and read it at,() sec. and after 3 houn.

(Once in the table it strould not be distu6ed through out the experiment). Note the
temperaturc of the suqpension at the time of taking hydrometer readings, Correct the
hydrometer reading by subtracting 0.3 for every t below 2OC or by adding iftlrc
temperature is above 2fC.

Calculation:

(Silt + Clay) % = Hydrometer reading at 40 sec * 0.3 x (t - 20)t
Clay % = Reading at 3 hrs + 0.3 x (t-20)T
% Sand = lm- % (Clay + SilO
% SiIt = % (Clay + SilO - % C1ay.
Determine the texture from the triangular chart.

L7



Cloy

2

roo 90

90

80 70 60 50 40
Percenl sond

30 20 to

o

o

o

o

o

3ond
sir;
roo

TRI ANGULAR CHART
FOR

loamsan

loam
silt loam

sandy loam

sand
loamy

sand

TE XTU RE DETE R M INATION

/



Soil Analyses:
Chemical

CHAPTER III

tf,}f.Ci.il#$.#; " t"t-rdil e

--J





Soil Analyses:
Chemical

CHAPTER III





Chapter Itr

Soil Anelyses-Ctemfu:el

Chemical analyses of rnacro ad micro-nutrients are dealt in this cnapt€r.

l. nF Oeterulnatron

Principle:

The d wlue of the solutisr surrurnding soil particles in the natural state fluctuares
because of changing soil-solution relationships brought about by climate, cultivation, crcp
growth and oths facbrs.A sample of soil may have a particular f vahp at dE tinre it is
taken in the fieJd but this ctranges in the sample as it is dried ard prcearcd fu ana{rsis.
In the laboraory, the soil is subjected to re-wetting process€s with water and with c€rtain
salt solutiont t otablish the probable range of pH nalues it would have in its rumral
state.

A measured quantity of soil is shaken with a convenient volume of water or salt solution
under consistent conditions and the f of the suspansiur is determined electrronically ur a
direct- reading pH meuter, using a glass electrode with a saturated poassium chlori&
calomel refermce electrodc. Almost ury soil:water ratio and conditioos can be employed
but some ratios have been found suitable for this work and the p* values so obained can
be utilized for useful interpretation. For this l:1 soil water ratio is being used h most of
the laboratories

Standard Buffen

pF 4.0: Dry potassium biphthalaa ffHCJIOJ for 2 houn at 105" C ard dissolve
rc.2lgm. of it in hot distilled watrer, and dilute the solution to lL wittr distilled
water. As a prservative, add 1.0 ml. of chloroform or toluene. This solution has

a pH value of 4.0 at ternp. from 15-3OC.

f 6.E6: Dry the two satts KH2PO. and NaflPO. for 2 hrs. at 105t and dissolve
3.44 gm. of KHrPo. and 3.55 gm. of NarHPO. in distilled water ard dilute to lL.
As a preservative add 1.0 ml. of chloroform or toluene. This solution has p%.90
at 15t, pH 6.88 at 20rc and 6.85 at 30oC.

l) I mercr
2) Braker 50 ml
3) Mechanical stirr€r
4) gla*s rod.

I

2
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Apparatus:
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kocedure:

Weigh 20 gms. of air dried soil samples (<2 mm) in 50 ml. beaker and add 20 ml. of
distilled water. Shake for about I minute in a mechanical stirrer and leave for about an

trotrr. The pH meter is calibrated by using standard buffer solution of pH 4.0 & 6.t5. The

soil water suspension is stirred well with a glass rod just before immersing the elehde.
The pH of soil water suspension is then measured with the calibrated pH meter.For thc
peat and mrrck soil, volume of water may be increased. (1:2 soil : watef ratio)

Teble 3.1 Rating of soil according to pH

Soil reaction (DIf) olf ranee

1. Extremely Acidic

2. Very shongly Acidic

3. Strongly Acidic

4. Moderately Acidic

5. Slightly Acidic

6. Nearly Neural

7. Slightly Alhline

8. Moderately Alkaline

9. Strongly Alkaline

l0.Very Srongly Alkaline

ll.Extremely Alkaline

<4.5

4.5-5.0

5.S,5.5

5.5-6.0

6.0-6.5

6.G7.5

7.5-8.0

8.0-8.5

8.5-9.5

9.5-10.0

> 10.0

2L



Effect of pH on availability of common
elemenls in soils. Adapted from Truog-(1949).
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2. Lime Requirement of Soil

Princiole:

Ttrc term lime requirement m€ans the arnount of calcium catonate or its equivalent that
must bc applied to soil to irrcrease tlrc f to 7.0 or some oth€r desfu€d valrrc. Addition of
lime to a base unsaturatcd soil raises ttre f; furreases the proportior of calcium m thc
exchange omplex and can immobilize by precipitating certain elements such as iron,
rrunganese and aluminum which may be presat in soil in excess.

The results obtain€d by a given linre requirement mefpd are often multiplied by e
'Uming factor' which akes into account the chemical composition and fineness of the
limestone Qime should have 90% CaCo, equivalent and shottld pass 5G@ % through l@
nresh and 95 95 through E mesh sieve)

Apparatus:
l) d meer
2) Beater 100 ml
3) Mechanical stirrcr
4) Glass rod / policernan

Reagents:

Bulfer solution: Dissolve 1.8 gm p - nitrophenol, 2.5 ml triethanolamine,3.0 gm
potassium chromate, 2.0 gm calcium acetate, ard 53.1 gm calcium chloride (CaCl2

2HrO) in lL of dist'rlled water and adjust Orc PB to 7.0 with dilute HCI or NaOH.

Procedure:

Weigh l0 gm. of soil in 50 ntl. beaker and add l0 ml. disilled water. Shake for I mia.
with mechanical stirrer and re"d ttre d after 30 min. If thc y' is 6.3 or less, add 20 ml.
of above buffer solution to the soil - water suqpensioos and stir intermittently for 20
minutes. Read the I of soil - buffer suspensiotts immediately and use Tabh 3.2 b
determine the lime requirements.

23



Table 3.2 Lire rcqulred to bring the soil to en lndicated f according to soll - buffer f.

Soil Buffer
pF

Ltrme rcquired to bring soll to lndicated f tonslncre
hrrc CrCOb Agricultural grurnd EmC

(to nearest half ton)

d 6.t f 6.4 pE 6,0 pE 6.t d 6.4 pE 6.0

6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.8
5.7
5.6
5.5
5.4
5.3
5.2
5.1
5.0
4.9
4.8

t.4
1.9
2.5
3.1
3.7
4.2
4.8
5.4
6.0
6.5
7-l
7.7
t.3
E.9
9.4
10.0
10.6
lt.2
11.8
t2.4

1.2
1.1
2.2
2.7
3.2
3.7
4.2
4.7
5.2
5.7
6.2
6.7
7.2
x.7
8.2
8.6
9.1
9.6

10.1
10.6

1.0
1.4
1.8
2.3
2.7
3.r
3.5
3.9
4.4
4.8
5.2
5.6
6.0
6.5
6.9
7.4
7.8
8.2
8.6
9.1

2.O
2.5
3.5
4.5
5.0
6.0
6.5
7.9
8.5
9.0
10.0
10.5
lt.5
12.5
r3.0
14.0
14.5
15.5
16.5
fi.4

1.5
2.5

4.0
4.5

6.0
6.5

1.5
2.0
2.53.0
3.0

5.0

7.5
8.0
8.5
9.5
r0.0
10.5
11.5
12.0
12.5
13.5
14.0
14.5

4.0
4.5
5.0
5.5
6.0
6.5
7.5
8.0
8.5
9.0
9.5

10.0
11.0
lr"5
t2.o
t2.s

r; Agdcultural ground lime as usod here is gn& of lime with sieve analfis showing at
least 95% passing an I me$ scrsen and 5S60* passing through l00he$ $rpen and an
average neufralizing power of 90fr as that of pure CaCq.
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3. Electrical Conduc'tivity

Prirciole

The conductivity of a soil is the qpecific conductivity at 25t of a water extract obtained
from a soil and water mixture of a definite ratio. It is measured on a conductivity meter
and is normally express€d in milliSimendcm, thc value giving informatioo on the total
anount of water soluble salts presant in soil, i.e., on the degree of salinity,

Thc most easily interp,retable conductivity values are those on a satuntion extra.t,
prepared from a saturated soil paste. It is also usefirl to obtain routine condtldivity
rdings on soil: watcr mixture at other ratios, usually 1:1, l:2, l:5 separating soil as

much as possible by seuing. Wheo extraction is other than saturation, follorLg formula
mey be used to calculate the conductivity (L) al sat. extfilction.

2@
L*-= f,l,r x

% watff, in soil saturation

Following formula is used to calculate the salt concentration in the soil.

% HrO in soil at extraction
% salt i! soil = 0.06a x f*,"- x

100

The specific conductance of the saturation extract can be interpreted directly in terms of
plant gowth, by means of the following scalc.

0

Table 3.3 Sslitrity Scsh
SpociFlc conductance o[ the satuntion extract of soil, mS/cm

248
Non Saline Very Slighdy

Salirc
Modertdy
Sdine

Strongly Saline Very Strongly
Satirc

Salidty
dects
mostly
negligible

Yields of very
sensitive crops
may be restricted.

Yields of maay
crops restrided
Alhlfa, cocoo,
sugarbeas
ctreals and grain
sorghum adapted

Only tolerant
oops yield
satisfactorily;
Bare spots
appear because

of injury to
germintion

Only a few
lolerad crops
yidd
satisfadorily.
Only sah
tolerant
grass€s,

herbaceous
planb, shrubs
and tree grow

0.1 0.3 0.5

@ercentrge of s.lt ir moisture saturation ertract)

l6
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Apparetus:

Conductivity Bridge with platinum cell.
Mechanical Shaker.
Buchner Fuillels.
Filrcring flask
Vacuum pump.
Beaker l0@ ml.
Spatula.

0.02M KCt Dissolve 1.49 gm. dricd Potassium clloride in I liter disilled
water. Thc ryecific conductancc L, of this solution is 2.39 mS/cm at IFC
and 2.'l$ mS/cm ar 25qC.

Procedure (Saturation Extract) :

Weigh 500 gm. of soil in a bcater and add abort nyo-drird of the water needod doum thc
side of the beaker and leave it. The soil should not be distuded during this process
because wal€r movenr€nt tkongh puddled soil is very slow. Add watcr by increnrcnB
until the soil mass is firlly weued by capillarity. Allow sufficieat tirne for moerl€trt of
water through capillary, before adding morc to the sample. The soil is then girrcd wittr a
spatula and more water or soil added to give the final adjustment of water omtatt. Thc
water is right when the soil hardly flows together in a hole made by qpatula, the mixtne
slides off the spamla and the soil surface is wet eoough to glisten. Free water should oot
collect in the de.pression on tlp srface on shndiry for few minutcs. If free water *ands
on the surface, too mrch urater has b€en add€d, and a little more soil is added to blA np
the excess water.

Defermine the cell constant of cooduchflce cell by measuring thc elecfical conductance
C of a standard KCI solutioo.

2.768 mS per cm
Cdl consant K (at 25t)

KCI reading

l.
2.
3.
4.
5.
6.
7.

Reagent:

l.

Cover the beaker and leave for 2 hours to reach equilibrium.Tte soil is placcd on I
suitable size of a buchner frrn cl yith tightly scarcd Whatman No.42 filt€r paper ad thc
srction is applied to ga saturatim exuact.

Wash the cell with distilled water and dry with tissue paper or filter paper and
read the conductance of soil extract.
Specific conductance of cxtract = KxRmS/cm
Where, R is the reading for the soil extnrt in mS/cm and K b the ceII constanl
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Procedure (1:5 extraction):

Weigh l0 gm soil in 100m1 beaker ( preferably tall form) and add exacty 50ml distilled
water. Stir intermittently for 5 minutes and filter after 3O minutes. Read the conduclance
of the extract as in saturation extract procedure and multiply by 10.

Note: The tempenture of the solution should be taken into account in the calculatioo of
the result. Electrical conductivity of a solution increases approximarcIy 2 percart

per degee C.

4. Organic Matter deterrnination (Walkley - Black method)

Princiole

Oxidizable organic matter in the soil is oxidized by chromic acid in the presence of
ulphuric acid, the reaction b€furg facilitat€d by the heat of dilution wheo 2 volumes of
concentrated HzSO. are mixd with 1 volume of IN Xi2Cr2Ol solution, The excess

chromic acid is determined by titratbn with ferrous ammonium sulphate dution and the

quantity of the substance oxidized is calculated from the amount of dichromate reduced.

The highest temperatue attained by heat of dilution of sulphuric acid is about l2fC,
which is sufficient to oxidize the active forms of soil organic C, but not the more inert
forms of C that may be present. From the experimants, 77 pwrt carbon werc found to

be rocovered and same figure was used in calculation. AIso, the organic matter is

considered to contain 5E percent carbon, and therefore multiplying fador l.T2 was usod

to convert organic carbon !o organic matter. Since no external heat is being utilized, fina
soils passing through 0.2 mm sieve is taken for the analysis.

This determination is affected by tlre presence of easily oxidizable substances like
chloride, higher oxides of manganase and fenous compounds. Whereas Fe+2 and Cl give
positive or high value, the oxides of manganese give negative or low value. Soil samples

air dried for l-2 days contain insignificant amount of soluble ferrous compound and

chloride can be easily eliminated by adding silver sulphate.

According to Walkley - Black, normal soil contains invariably small quantity of reducible

oxides of Mn. Only in highly manganiferrous soils, small fraction of all oxides is present

in the active state capable of competing with chromic acid.
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50 ml. Burece,

l0 mI. bulb pipette.

Mcasuring cylinder 25 ml. s Acid Dispenser or pipefie 20 rnl. capacity.
Conical flast 500 mt. capacity.

Reagents :

l. g6{irrm fluoride.

0.5N Ferrous ammonlum sulphate (FAS): Dissolve 196 gms. of
F{NII.)r(SOrr6HrO fur E00ml distilled water and 20ml concentralcd

sulphuric acid and dilute to lL.

Diphenyhmins indiclton Approximately 0.5 gm. of reagent grade

diphenylamine is dissolved in 20 rnl. of distilled water, add l0 ml. of
conc. HrSQ.

Procedure:

Weigh I gm. soil sample, passing through 0.2 mm sieve and add exactly l0 ml of IN
I(rCrrQ solution !o it, in a 500 ml. conical flask. Add 20 ml. of concentrat€d sulphuric

acid and mix by gantle rotation for I minute, to insurc complete contact of the r€agent

with the soil, but with care to avoid throwing up soil !o the sides of the llast The

mixture is allowed to stand for 30 minutes. A standardization blank ( without rcil ) is run

in the same way. After half an hour, add about 20 ml of distilled water, 30 drops of
diphenylamine indicator and about 0.2 gm. of sodium flrrcride. Back dtrale the solution

with ferrous ammonium sulphate solutiqr. The color is dull green with chronrcs ion in the

beginning, then shifts to a turbid blue as the titratioo proceods. At the ead point this color
sharply shifu to a briliant green. If over 8 ml out of l0 ml. chromic acid has been

consumed during the titration, the daermination is repeated with a small quantity of soil
or by adding double or treble amount of K2Cr2Q and HtrO..

I
2

3

4

3

2S

Apparetus:

lN Potassium dichromate solution: Dissolve 49.04gms, of A.R.
Potassium dichromarc (dri€d at l05t) in distilted water and dilute to the

mark in lL volume.tric flask.

4.

2.



Calculation

o.M. t :

where,

Note: l)

iii)

(B-S)xNx3xl@x10x1@ (B-S) N

wtofsoilx1000x7/x5t wt of soil

B -- Volurne of FAS used up for blark titralion

S = ' sample '
N = Normality of FAS from blank titration

wt = wt. of soil sample

Organic m26sx' cffitaios 58 percart carbon.

Recoyery factor for this merhod is 7 percent.

Equivalent weight of carborr = 3.

x 0.67

ii)

5. Totel hlitrogen

hinciple:

Most of nitrogor in ttrc soils is in organic form. Relatively smdl amou[ts ordinarily occur

in ammonium and nitrate form. Most widely used procedure for N determination ir
Kjeldhal me$od in which organic N compounds are converted into amrnonium sulphatc

by digestion with concenrarcd II,SO.. The amrnonium ions in the soil also r€a.t with tlrc

acid but nitrate and nitrite ions are lost. To inclu& nitrate, salicylic acid and sodium

thiosulphate must be added. The digestion of the soil with su$huric acid is facilitated by

using sodium or potassium sulphate ( raises boiling point) and copper suiphate ( caalyses

tlp reaction). The digesed solutim libentes the ammonia on ueating wiffu alkali, which is

collected in the boric acid solution and titrated with sandardized dilute acid using mixed

indicator.

Apparatus:

Kjeldhal digestion flask - 50 ml or block digester tubes.

N - Digestion apparatus.

Distilling appamtw.

Volumetric flask - l00 ml.

Conical llask - 125 ml.

Acid diryenser or measuring cylinder.

Pipeiles, - 10, & 20 mI.

I
2

3

4

5

6

7
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8.

9.

10.

Burette - 25 ml.

Kjeldhal flask hold€r.

A$esos Glove.

Digestton Mlxture (Crtrlyst): Grhd and mix l0 gms. of coppcr $lphatc
with 2m gms. of sodium sulpharc.

Sodium hydroxide Dissolve 4{[ gms. of sodium hydroxide (flates a
pelles L.R.) in ooe liter of distilled water and cool.

Mixed lndicaton Dissolve 0.5 gm. bromo crasol grean and 0.1 gm.

methyl red h l@ rnl. of95 percent ahanol.

Boric ecid 4%: Dissolw 4O gm. boric acid crystat (E Bo3) in onc litct
distilled water.

0.01N ECt Drlur l7 ml. conc. HCI with distilld *ater to 2L{A)
Standadize 20 ml of solution (A) with NaCOj and calculate its normality.

Dilute the solution (A) uording to its strreryth to give 0.01N HCl. [a -
Dilute l0 ml. of solutio (A) to IL. and calculatc its slre{Ulh from thc

above normality of (A)1.

kocedure:

Weigh 1 gm. soil in 50 ml. Kjeldhal digestion flask and d 2 gm. catalyst digestion

mixture followed by l0 ml. colrc. H,SO. and few pieces of broken porcelain. For r firrc
textured soil add l0 ml. of distilled w'ater and leave it for 3O minutes before adding

digestion mixture and sulphuric acid. Mix the soil with sulphuric rcid by swirling the

flask and heat in the low heat until frothing xops. Gradually increar the heat until the

acid boils. Swirl the flask at intervals and digest until the color of the mixtue cbanges to

green- blue or grey color and continrrc it for l-1.5 hours more. Carc should be takeo

during digestion not to allow the flarte to touch tlte flask above the part occupied by the

Iiquid.

I

3
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Reagents:

2. Concenhrted srlphuric rcid - LR.

4.

5.

6.



With Block Digester Tecator, afi lOml corc€ntrated srlphuric acid to I gm rcil and 2gm

dig€stion mixture in 250ml digestion tube arld heat in preheated Block Digcster at 41rc
for 45 minutes. If exhaust sysem is used, adjusl its rate !o maximum in the @inning of
digestion and reduce it after about l0 minutes (when the evolution of densc fumes of

sulphuric acid decrease) so that th€ rcid funre will be condensed at about npo-third of the

digestion tube.

Cool the flask and add about 20ml. of dist'rlled water beforc the solution sarts

crystallizing. Transfer the solution in a 100 ml. volumetric llast, leaving ttt€ sand in the

digestion flask and make up the volume. Take 20 ml. aliquot in the disilling flask and

add 20 ml. of 40 % NaOH and distil it, colecting the liberat€d NH, in l0 ml. 45 boric

acid solution containing 2 dropa of mixed indicator h 125 tnl. conical flas&. Titrate it
with O.OIN HCl. Run a blant for each barch of 12 samples.

Calculstion:

Where, n = Normdig of acid.

T = Vol. of acid used in titntim.
B = Vol. of acid used in Blant-

S = Sample wt.

Inteqlretation:

e) Teret

Low............... <0.0/5 f N

Medium............ 0.915 - 0.150 % N

High >0.150 % N

b) Eilts

Low............... <0. I tr N

Medium............ 0.1 - 0.30 % N

High >0.30 % N
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6. Availsble Phcphorus

Many different solutions have been proposed for the extraction of the available
phosplrrus that can be correlated with Ote fidd crq rsiponse. As the phosphate ions in
the soil solution are present in small amount, the plant available phosphorus includ€s

sonrc of the insoluble soil phosphorus also. Tlrc insoluble soil phosphorus p(esent arc
mainly di and tri calcium phosphatas in neuEal and :rllaline soils ard aluminum and ferric
ptrosptntes in acid soils. Three of those extracting merhods to include insoluble

phosphates have beeo d€scribcd in this manual.

Modified Olsen's-Bicarbonate (f 8., extracting solution is best suited for calcareous and
elknlinc soil but also recommended for the moderately acid soils.

Bray and Kurtz No. 2 (0.03N NII.F in 0.1N HCI) extracting solution is said to remove

'absorbed' and 'acid soluble' phosphorus and is recommended for acid as well as neutral

tr even up to calcareous soil.

The extraction of available phosphorus from the soil is affected byl

Fineness of thc particle

Soil: Extractant ratio

Shaking period

The molybdenum blue melhods are the most sqrsitive and as a rcsult, they are widely
used for the soil extracts conaining small amount of p as well as tohl p determination in
soils. Thqse methods are based on the principle that in an acid molyMate solutim
conaining orthophosphate iors, phosphomolybdatc complex forms that can be reduced by
shmous chbdde or oth€r reducing tgents to a molyMenum blue color. Thc intarsity of
blue color varies with the p concentration (follows Been law) but is affectod by other

32

kincinle:

Bray and Kurtz No.l (0.03N NII.F in 0.@5N HCI) extracting solution is said to remove

'adsofted' phosphorus and is recommended for acid soil.

Several methods are available for color develorpmeat. The choice of the method for
del€rmining P d€pends upon 0le conc€ntration of p, concentration of interfering
subshnces and the acid system involved in the procedure.

l.
2.

3.



factors such as acidity, arsenates, silicates and substances which influence the oxidation-

redrrction conditions of the system.

(e) Modified Olsen's bicartonate Method

PrinciDle:

This method uses 0.5N NaHCq solution of I 8.5 as an extractant which curtrols thc

activity of Ca,Al and Fe by precipitating calcium as caftonare and aluminum ard irm as

hydroxides. Ttre organic maner dissolved by the extractant must be removed by the use of
aaivated cnarcml.

Apparatus:

100 ml polythene bottles

Shaker

Funnel

Whatman No. 42 filter paper

Volumetric Flask 50 ml.

PifJtes 5 and l0 ml.

Beaken 50 ml.

Reagents

E:rtracting solution (0.51{ NaHCO3 pE t.5): Dissolve 210 gm of CP

NaHCOs in 5L distilled water. Adjust the pII to 8.5 with 0.5N NaOH or

HrSO.. As the pH of the solution tends to increase on exposed to

atmosphere, few drops of liquid paraffrn should be added and the pH

should be checked monthly.

33

2. 5N HrSO.: Dilute 35 ml concentrated A.R. I{2SO. to 250 ml.

3(a) Ammonium Molybitate Dissolve 12.0 gm of A.R. ammonium molyMate

in 250 rnl distilled water. In 100 ml distilled water dissolve 0'290E gm of

antimony poassium tarrate. Add both the solutions to 1000 ml of 5N

HrSq (141 ml of concentrated HzSO. per liter water), mix thoroughly and

make to 2L. Storc in a pyrex glass bocle and keep it in a dark and col
temperatue.

1.

2.

3.

4.

5.

5.

7.

l.



3(b) Dissolve 1.056 gm of ascorbic acid in 200 ml of ammonium molybdate

solution I Reagert (3a)], Thir reageot should be prepared as required since

it can not be kept for more than 24 hours.

4. Activated Caarcel (Darro G{l})

5. St{illard P Sohrdon

o) Secondary standards, 2 and 20 ppm R Dilute 20 ml of 50 ppm P stoct

solution to 500 ml in a volumetic flask for thc 2 ppm P. Similarly for ttc
20 ppm P, dilute l00 ml of 50 ppm P stock solution to 250 ml in e
volumetric flask. These dilute standard solutions do not keep well, even

with toluene added, and must bc made up if fungus growth in thc solution

is noticed.

6. pnitrophenol lndicator 0.25%: Dissohe 0.25 gm indicator in lfl} ml of distillod

water

Procedurt:

34

(a) ktmery strndlrd 50 ppm R 0.2195 gm of A.R. KH2PO., dried at

40'C, is dissolved in about 4@ nl of distilled water in one lit€r volumetric

flask. Add 25 ml of 7N IITSO. to it and make the volumc b IL. Thu!
preserv€d with HrSO., tlrc solutioo keeps indefinit€ty but it shonld be

stored in a weathered soft glass botrte (ratha than one of pyrex) to

minimize cqttamination with arscnic,

Weigh 2.5 gm soil sample (air dried <2 mm) in a l(D ml polycthylar borlc. Add one

teaspoon of activated charc@l (Darco G-60) and 50 ml of 0.5N NaIICq ertrading
solution. Shake for 30 minute in a shaker and filEr through whatman No. 42 filter paper.

Pipette l0 ml aliquot of the filtrate in a 50 ml volumetric flask and acidify with 5N H2SO1

to pH 5.0 using pnitnophenol indicator till tlre yellow color just disappeared. Sha&e
gently after each addition of acid. Further add eid, dropwise this time until the color
changes from yellow !o colorless. Add distilled water yashhg do*n the sides of
volumetric flask to ,o ml followed by 8 ml of rcagent 3b. Make up the volunre to the
mark and shake well. Maximum intensity of the blrr color is obtained in l0 minutes and
remains stable up to 24 hrs. Include a blant in evcry barch by shating thc extncting
solution without soil. It stpuld includc all fie tEagents add€d in every step. Measure thc



color htensity in a colorimeter after l0 minutes using red filter (660 mu). Pr€parc fte
standard curve by taking 0,1,2,4,6,8,10,12 and 15 ml of 2 ppm P standard solution in 50

ml volumetric flask, add NaHCq extracting solution and procted exactly like in test

solutim.

Calculation:
50

ppm P in soil = ppm P in solution x
2.5

= ppm P in solution x 100

PrO, Kgltra = ppm P in scnl r2.24x2.3

Where,

2.24 = conversion faclor for ppm in soil to Kg/ha in soil

2.3 = conversion factor for P to P2q

Inter!rctatioo

I,ow.............. .... < 26 Kg/ha P2Oj

Medium......... ......26 - 55 Kglta PrOt

I{igh................. > 55 Kglha &O,

b). Bray and Kurtz No. I

The fluoride has the special property of complexing Al'! and Fe*3 in acid solutiqr, with

consequent release of P held in the soit by these fivdent ions. The combinatist of HCI

and NII.F is designed to remove easily acid soluble P forms, largely calcium phosphates'

and a portion of the aluminum and iron phosphates.

Apparatus:

50

t0
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Principle:

Same as in Olsen's bicarbonate method.



Reagents

(l) Extracting solution (0.03N I{E F'-0.(D5t{ HCt): Dissolve 22.2 gm of
solid NI{.F in 180 ml of distilled water, filter and add !o it l8L of water
conaining t3.3 ml of 6N HCl. Make up the volume to 20L.

@ lON ECh Dilute 13@ ml of AR IICI with 2@ ml of distilled uarcr. C-:@l

and matc up thc volurrc to l5m d.

(3) 2N ECh Dilute 50 ml of concentrared CP HCI to 300 ml with disill€d
watcr.

(4) (I:S)NE OE:Iteten Dilute 50 ml of concentrated ammonium hydroxide tro

3m d with distil€d water.

(5) Boric acid (0.tll): Dissolve 50 gm of crysml HrBO, in lL of disilled

(6) Chloromolybdic Acid (1.5 pertent): Dissolve eractly 15.0 gm of AR or
CP ammonium molyMate IGV&)"Uor Or..4HrOl in about 3() ml of
distilled water, warm to about 50"C. If necessary, filter the solutioo to
remove sedirnen&. Cool the solution and add 350 mI of 10.0N HCI
gradually with Sirring. After this solution has cooled again to rcom
temperatue, dilute with distill€d uat€r in lL volumehic flask, mix
thoroughly ard storc in a storppered amber gtass. Replace this rcagent every
2 months.

A Strnnous ctloride:

a. StocL Solution:Dissolve l0 gm of A.R. stannous chloride, tSnClr.2HzOI
in 25 ml concentrated hydrochloric acid, HCl. Keep it in a dark tightly
stoppered bottle. This solution has to be replaced every 2 months.

(!) Working Solutlon: Dilute I ml of stannous chloride stock solution to
333 ml with freshly boiled and cooled distilled wat€r. This working
solution should be prepared for errery 4 lrours work.
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(8) Standard phosphons solution 2 ppm P : Dilute 20 ml of 50 ppm P

stock solution (Olsen's bicarbonate method) to 500 rnl vith distilled water

in a volumetric flask.

kocedure:

weigh 2.85 gm of air dry soil sample (<2 mm) into a 100 ml polyerhene extraction

bosle. Add to it 20 ml of the extraction solution (0.03N NII.F - 0.@5N HCI) from a
pipete or automatic dispenser. Stopper the bottle and shake for I minute in a mechanical

shaker. Filter the suspension immediately through Whatman No. 42 filter paper. If the

filtrate is not clear, quickly pour back through the same filter.

Ta&e 5 ml diquot of the clear filtrate into a 50 ml volumetric flask and add 15 ml of
boric acid solution to minimize fluoride ion interference. Since the boric acid does not

completely gev€nt fluoride interference, the appropriate amount of extracting solution

5ml and boric acid l5rnl should be added to the blank as reference standards.

Read the color of the solution within 5 to 15 miautes in a colorimeter using red filt€r (660

mu). Include a blant in every batch by shaking the extracting solution without soil. It
should include dl the reagents added to the sample. Prepare the standad curve by tekirrg

0,1,2,4,6,8 and l0 rnl of 2 ppm P standard in 50 ml volumetric flask, add the extracting

solution and pmceed exactly like in tes solution.

Calculation:

50x20
ppm P in soil = ppm P in solution x

5 x 2.85

ppm P in solution x 70

2.24 = conversioo factor for p,pm in soil to Kg/ha in soil

2.3 : convenion factor for P to PrO,
Where,
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Adjust the pu of the solution in 50ml volumetric flask to 3.0 with l:5 NII.OH and 2N

HCI using 2,4 - dinitrophanol as indicator. Add distilled water to about 30 ml mark

followed by l0 rnl of ammorium molyMate and mix well. Finally add 5 ml of freshly

diluted stannous chloride and make up the volume upto 50 ml mark and shake to mix.

PrO5 Kg/ha = pPm P in soil x 2.24 x 2.3



InterDretation

I-of,r.................. < 35 Kg/ha P2O,

Mdium...............35 - 105 Kg/ha P2O5

High....... > lO5 Kg/ha P2O5

(c) Brav and Kurtz No. 2

This method has higher corrcentratioo of HCI ard irrcludes more phoryho,ns of the soil

apatite in near netrtral or calcareous soil compred to Bray and Kurtz No. I m€thod.

Apperatus:

Same as in Bray and Kurtz No. I

Reagents

(1) Extracting solution (0.03N NH.F end 0.1N ECI) : Dissotve 11.10 gm of
solid NIIrF in 200 ml of distilled $xater, filter and add to it 5L of distilled

*?ter conAining 1ffi.7 ml of 6N HCI and make up ttrc volume to 10L.

@ Gh€r rcagenB sarrr arl in Bray aod Kurtz No. 1.

Procedure:

The procedure is the same as in Bray and Kurtz No. I except the extracting solution of
0.03N NILF and 0.lN HCt.

7. Availabh Pdassium

Principle:

The potassium extracted by normal neutral amrnonium acetate is considered to be
available to plants. For rnost soil the potassium removed is largely that associated with
the clay and humus complex as exchangeable iqrs but in some saline soil, there may be a
fair amount of wat€r soluble potassium. In the assessment of availability, exchangeable
and water-soluble potassium ions are rrct differendatod, but measurod together in the soil
extract, usually by flame photometer.
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In routine analysis it is aeurate enough O shake soil with ammonium acetate solution in

l: l0 soil:extractant ratio, a procedure which normally removes 9G95 percent of the

exchangeable potassium and dl the waler-solubte potassium. Alternatively, soil may be

leached with ammonium acetate solution.

Although exchangeable and water soluble potassium values are usually reported in

meq.per 100 gms, available pohssium values are always reported in prpm or tglha in so .

a). Flame Photomeler me*hod :

Apparatus:

(l) Flame photom€*er.

(2) Shaking apparatus.

(3) 100 ml. Erlenrneyer flask.

Reagents:

(1) IN Ammonium ecetate pE 7.0: Dssolve Tl.O gm- of ammonium ac€rate in

lL of distilled water.

ol

To 58 ml of glacial acetic acid add 500 ml. of distilled water followed by 65 ml.of

liquor ammonium and dilute !o lL. Adjust ttre pH to 7.0 + 0.92 with dilute

NI{rOH or acetic acid.

(2) K standgrd (stock solution): Dissolve 0.1905 gm. dried Kcl in lL volumetric

flask and make up the volume - 100 ppm K

Take 0,5,10, 15 ,20 & 25 ml. of 100 ppm K solution in 100 ml volurnetric flask

and dilute with lN ammonium acetate PH 7.0 solution !o the mark{'S' 10,15,20 &

25 ppm. K.

Weigh2.0gm.airdriedsoilinal25ml.conicalflask(orl$mlpolyerhylenebottle
wittr leak proof cap), add 20 ml. normal neutral ammonium acetate, shake for 5 minutes

in a mechanical straker and filter thlougl Whatman No. 42, 12.5 cm filter paPer. Praare

a standad curve of K by aspirating 0,5,10,15,20 and 25 pm K after adjusting full scale
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&flection of flame photometer with 25ppm K, note the reading and draw graph. Aqpirate

the soil solution, notc its reading and determirle K in the soil solution from the graph.

Calculation:

Kp Kglha = R(ppm)x

20

xl.2x2xl.l2:Rx26.88
2

where, P= Potassium of sril extract ia ppm. from the

stadard curve.

Conversion factor for K to K2O

Conversion factor for ppm to Kg/ha

1.2:
2xl.l2:
20

2

Dilution ftsor

Inter?retation

Medium... 110 - 280 Kg/ha IqO
Iligh....... > 280 Kg/ha Kp



b). Turtidimetricmethod:

Apparatus:

l. Colorimerer with colorimeter tubes.

2. H@ermic syringes 2 ml. with 18 gauge needle.

l.(a) Stsndard Potesslum stock solution: Dissolve 1.905 gm AR KCI dried at

(105t) h lL. distilled water. - l000ppm K.

l.O) Working Solution - Take 10,20,30,40 & 50 ml. of this stock solution and

dilute to lL with Morgan's reagent. This will give 10,20,30,40 and 50 ppm

K.

Morgan's Soil extractant:- Dissolve lOogm pure sodium acetate in 5m ml

water. Add 30 ml. of glacial acetic acid and dilute with distitled wat€r to

lL.

Sodium Cobaltinitrite solution:- Dissolve 50 gm of Co(NQ)56II2O and

300 gm of sodium nitrite NaNq in 600ml. distilled water. Add 25m1. of
glaciat acefic acid and dilute to lL with distilled wat€r. K€€p over night,

filter ad store in a cool dark place in a elass stop,pered brown bottle. If the

rcdium cobaltinitrite itself is available, Prepate 20% solution by dissolving

20 gm of NqCO(NOr)6 in 80 ml of cold disilled urater (fq and ruke up

the volume to 100 rnl. Aher 24 houn, the solution is filtered to remove

insoluble matt€r. Store the filtered solution in the refrigerator. It can be

used upto 3 weeks.

Alcohol mixture :- Mix 100m1 pure methyl alcohol with 100m1 isopropyl

alcohol and store in a glass botde.

Procedure:

Prepa.ration of stsndrlrd curve: All apparatus and reagents are cooled b 60{6h (15.5-

19.c) before use. Take 2 ml. of alcohol mixture in each of the test tubes and cool it. Add

6 dro,ps of sodium cobaltinifite solution with a dropper directly in the alcohol mixtwe

and strake well. Deliver 2 ml. of each of working potash standard solution i.e.

0,10,20,30,40 & 50 ppm K. by means of the hy@ermic needle into tre dcottol mixturc

in the different tubes, holding 1lle needle vertically at a distance of about I inch ftom the

a

3
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Reagents:

4.



surPace of the solution in the tubes. Shake thc solution in the tubcs vigorousty fo,r 20
seconds, to develop a uniform htrbidity in thc reagatt. A bla* is pcpared in thc same

way using 2 ml. of Morgu's solutim without potassium. Keep the tubes in thc water at
660F (19t) for l0 minutes and read the turbidity with the Colorinrcter, using 6@ mu.
(red) filter and setting tbe instrunrnt at zero with 0rc blank. plot lhc colorimeter rcading
against ppm K. presant in the standard solutiot,

Determlnat ion ln soil samDle:

Cslculation:

a

-x 

1.2t2t l.l2 = R.r 13.44

5

wherc,

R

t.2
Zxl.l2
25

kinciple:

The specific forms of sulphur in soil that are available to the plants are not completely
understood. Although it has b€€n dertoostrated in nutrient culturcs trat organic S
compounds may be utilized by plants, it is generally accepted that most of tlre S in soils is
absorbed by plants in sulphate form. Numerous reagents have beea proposed for
measuring extractable so.-2 in soils. These include wat€r, salt solutions and acidic
solutions of tlre sa]ts. Exracting sdb with wat€r, acid or alkrtinc bufrer€d solutios
frequantly results in colored media which arc unsatisfactory for 6c arbidimetic rnethod
of determination. But tlrc turbidinrerfu derermination of ulphate as Baso. is well adapted
to nrcasuring the smalr a,o.nt of stdphate which occur in many soik" Also thc

KrO Kgltn = R(ppm) I

K pm in the soil extract from the standard curve.

Conversion factor for K to IqO
Conversion factor for ppm to Kg/ha

5

12

Weigh 5 gm. of air dried soil passing 2 mm sieve in a 125 ml. conical flast or
polyerhylene bottle and add 25 ml. of soil extractant. Shake fq 5 minutes in e nrechanical

shakcr, filter and develo,p dE turbidity as above, using 2 nrl. of tlrc fltrarc and read on
the colorimaer.

Dilution facror

t. Available Sulohur



turbidimetric method is suitable for the laboratories having simple equipmant lib
colorimeter. The method utilizes ttre most characteristic reaction of the SO.'ion with

Ba*2 to form BaSO.. The method prasentod tpre overcomes the above mentioned problem

of color media.

Apparatus:

Colorimder or sptrophotom€*er.
Erlenmeyer flask 100 ml.

Shalcr.

Pipefie 10 ml, I ml.

Reagents:

Extracting solution: Dissolve 39 gm of NILOAC in lL of 0.25N acetic

acid.

Ac{iveted chlrcoal (I}arco e-60 or Norit 'At): Wash the chareal with
extuting solution until it is free of sulphate. ( Test with barium chloride

solution)

3. Standard zulphur rolution:

Dissolve 0.5434 gm of drid AR K;SO. in lL of disilled uatcr -

lCI ppm.S as KzSOi.

b). Working standard of S is prepared by diluting A,2,5,10,?fi,25,n

and 40 ml. of l0Oppm S solution with extracting solution to 100m1,

to give 0,2,5,10,20,25,n and 40 ppm S.

Acid "Seedi solution: Dilute 260 ml of concentrated HCI to 400 ml with

distilled water and add exactly 100 mI of 100 ppm S, cool and dilute to

500 ml volume (6N HCI containing 20 ppm S)

Barium chloride (BaClr 2Hpl cry$al 20-60 mesh.

VYhatmen No. 42 nffr fper UL.5 cm. diamefcr

1.

t

3.

4.

1

2.

a).

4

5.

6.

7. A.R. KISO..
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hocedure:

Run a blank and standards of 0,2,5,10,20,25,30,and 40 pm zulphur as aborrc ard plot
tbe graph.

Ppms =

where,

R = ppm S in the aliquot from the graph.

9. Micronutrientenalvsb

PrinciDle:

The major calegories of micronutient extractants presently in use are dilutc acids and
solutions containing chelating agents like DTPA or EDTA. other less commonly used or
qpecific extractants include hot water (B), acidic ammonium or sodium acefat€ (Zt), Na-
citrate or Na{ithionate (Fe) and ammonium oxalate (Mo).

Dilute acids (0.025 - 0.1 M) have been used as extractants for micronutrients zn, cu, Fe
& Mn for many years @rimarily on acidic soils). Howeva, then applicability is confined
to acidic soils because they generally arc not $fficiently buffered to extract meaningfirl
levels of micronutients from calcareous soils. Acidic extractants do not have a particular
sound, theoretical basis, but, due to tlpir extensive use in field and laboratory shrdies, a
well{evel@ database exists, relating extractable levels of most micronutrient to crop
rcsponse.

R
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Weigl l0 gm soil in 125 ml. F:lenmeyer flask and add 25 ml of ammonium acetatc
exmcting solution. Strake it for 30 minutes. A& 0,25 gm of activated charcoal (Darco G-
60) and contintr shaking for 3 minutcs. Filter it through Whatman No. 42 filter papcr.
Take l0 ml of the cl€ar filtrate in another Ertanmeyer flask, add I ml of acid ,secd.

solutior, swful to mir and add 0.5 gm of BaCl2. 2HrO crystal. Let il stand for I minutc
and then cwid thc solutioo ftequently until thc crysals are dissolvod. Aner the cryrtals
arc dissolved, read the calorimefric reading at 420 mu within the tfune int€nral of 2 to 8
minutes.

Calculatiou:

D. Dilute acid extractants:

4



10. Extractants thst use chilating Agents:

One of the major advances in micronutrient soil testing has been the develqing of
extracting solutions containing the chelating agents, primarily DTPA and EDTA. These

chelatas reduce the activity of free-metal ions in solution through the formation of soluble

meal+helate complexes. The quantity of metal ions extracted by a chelate reflects both

the hitial coocentratioo in the soil solution and the ability of the soil 1o 6siatein this

curcentfirtiqr. Thus, chilating agents simulate nutrient removal by plant r@ts ad
rcpleni$ment from labile rclid phase in the soil. Thc DTPA soil test, develo@ for near-

neutral and calcareous soils by Lindsay and Nonrell, illustraies the evolution of a soil tc$
extractant from theorerical principlas derived from soil chemistry for verification through

greenhousc ard field calibration studies. The DTPA extractant was selected bccause it
offered the most favorable combination of sability constant necqssary for simultaneously

extracting four micronutrient cations (Fe, l.In, Cu and Zn). Results such as those obhined

in the FAO study, and those rcported by othen oa acidic soils reduced soils, ard metal

contaminated soils, have intensified the interest in DTPA as a universal micronutrient

extracEnt.

Because of tlre three factors (a) Usefuhess as single extracant for multi-elernents (mi,cro)

O) tlp only good extractant for calcareous rcil and (c) almost equally good €xtractant for
acidic soils, the DTPA method is getting great popularity among the soil testing

laboraories.

Alomic Absorption Spectrophotometer.

Acetylerc gas cylinder.

ParafFn wax paper.

Shak€r.

Pipenc 20 ml.

Conical flask 125 rnl.

Reagents

Diethylene triamine penta acetic acid (DTPA) extracting solutlon:

Dissolve 149.2 gm of reagent grade triethanolamine GEA), 19.67 gm of
DTPA and 14.7 gm of CaCl, 2II,O in deionized distilled water (Glass

double distilled). (Since DTPA is not very soluble in wat€r, place it in a

srnall amount of nater and then dissolve in the TEA solutiott.) When lhe

DTPA has dissolved, dilute to approximately 9 liters. Adjust the pH to 7.3

I
1

3

4

5

6

I

Apparatus:
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t 0.05 with l:l HCI (approximately 83 ml of l:l HCI are required).
Make to lOL fual volume. The pH should be checked periodically, because

a pH of 7.3 is critical for the extraction. Thus prepared 0.005 M DTPA,
0.01M CaCl, and 0.lM TEA rclution is stable for several months.

2. Gless double .rt<illcd ,rter or deionized distitted rater (DDItr).

3. Stan&rd Zlnc solutiou

(i) Stock Solutlon: Dissolve exactly 0.439gm AR ZnSQ.THp in glass

double distilled urater, add 5ml lN HCI and dilute to lL in volumetric

Ilask- lfl) ppm Zn.

(ii) Worklng Stendard: They arc prepared by diluting 50 ml of lOOppm

7^ to 250 ml (20ppm Zri all,d then further dilution of 0,2.5,5,10,15 and

25ml of this 20 pm 7tt to 25&nl with DTPA exracting solutim to give

0,0.2,0.4,0.8,1 .2arrd2pm of 7a.

Standard Copper solutlon:
(i) Stock Solutlon: Dissolve 0.39299m AR CuSOl.sHrO in 5{n d DD
waler, add 20ml lN HrSO. and dilute to lL in volumetric flast-l(D ppm

Cu.
(D Working Standards: They are prepared by diluting 50ml of 100 ppm

Cu to 250m1 (20ppm Cu) and then further dilution of 0,2.5,5,10,15 & 25

ml of this diluted (20ppm Cu) to 25oml with DTPA extracting solution to
give 0,0.2,0.4,0.8,1.2 and 2.0 ppm of Cu.

5
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4. Standard Fe solution:

(i) Stock Solutlon: Dissolve 0.7V219m AR F{NII.XSOJz.6Hp in
deionized distitled qlrt€r @D!Y) and add 20ml of lN HrSO.. Oxidize it by
adding 25ml l% KMnO. slowly and then dropewise till 0re pir* olor jus
stays. Dilute to exactly lL - lm ppm Fe.

(D Working Stan&rds: They are prryrcd by diluting 0,5,10,15,20 &
25ml of l0Oppm Fe to l00ml with DTPA extracting solution b give

0,5,10,15,20&5ppmFe.



6. Standard Mn solutlon:

(i) Stock Solution: Dissolve O.28Tl gm potassium permanganate in 500ml

DD water and add 25ml lN HrSO.. Boil for few minutes and carefully add

1.2 gm sodium sulphate crystal (NarSOl.7HrO). Boil again to rcmove Sq,
cool and make up the volume to lL-100 ppm Mn.

0D Wor*lng Standerds: They are prepared by diluting 0,5,10,15,20 &
25ml of l0ppm Mn solution to l00ml with DTPA extracting solution to
give 0,5, 10,15,20 arrl 25 ppm Mn.

Weigh l0 gm of air dried soil in a l25ml Erlenmeyer flask and add 20 ml of the DTPA
extracthg solution. Cover the flask with parafilm or polyethylene stoppe$ and secure

upright oo a horizonal shaker with a stroke of 8.0cm and a speed of 120 cycle/min. After
exrctly 2 houn of shaking, filter tlrc suspension by gnvity through Whatman No.42 filter
paper. The stuking time is very important because extracting is not complete in 2 houn.
(ffrc hbile and nonlabile quantities of ttre trace elements will continue to dissolve even

afier 2 houn). The filtrate may be used to analyze for the trace elements Fe, Cu,Mn,Zn
with AAS after standardization for particular element.

(e). Available Zinc:

Plzcr, Zirw,Ilollow Cathode Iamp in the working lamp turref and let it warm fq specificd

period as per the instruction of the manufacturer. Ught the burner using air ard acetylene

gas, adjust thc slit, wavelength and burner height as per the instruction of AAS

manufacturer. I-et it warm for 5 minutes and standardize AAS using 0 ard 2 pm 7a

standard. Run series of Zinc standards, note the absorbance reading and draw graph.

Aspirate the soil extract, note the absorbance reading and determine zinc in solution from

the graph.

Cslcuhtion:

WmZll.insoil=2x(R-B)
where,

R is the Wm 7^ in soil extract from the graph.

B is the Wm Zi in Blank extract from the graph.

Extraction Procedure:
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Interpretation:

Factors affecting the inlerpretation of the soil tcst data are pH, CaCO, percent,

phosphorus, organic matta, clay percent, CEC.

T1pical range in critical hvel for DTPA ertutable Zn is reported to be 0.2 to 2.O Ur
mg/kg (ppm) and average critical valuc is 0.8 Zn mgftg.

O). Available CoDDer:

Aspirate the soil extract, note the absortance reading and determine Cu in solution from
ttre grdph.

Calculation:

ppm Cu in soil = 2 x (R-B)

where,

R is the ppm Cu in soil extract ftom the graph.

B is the ppm Cu in blant extract from the graph.

lnterpretation:

Factors influencing th€ int€rprctation of the soil test data are pH, organic rnafic(, CsCq
percant and crop.

Typical range in critical level for DTPA extrachblc Cu is reported to be 0.12 to 0.25 Cu

mg/kg (p,pm).

Place Iron Hollow Cathode Iamp in the working turret proc€ed as in the Zn

determination, note the absorbance rcading of Fe standards and draw gnph.

Aspirate the soil extract, mte the abso6anoe reading and determine Fe in solutiqr ftom

the graph.
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Place copper Hollow Cathode I-amp in the working turret, proc€€d as in the zinc

determination, note tlre absorbance reading of copper standards and draw gr4ph.

(c) Available lron:



Cakulation:

ppm Fe in soil = 2 x @-B)
wberc,

R. is the ppm Fe in soil extract from the graph.

B is the ppm Fe in blank extract from the graph.

Fac*ors influencing the interpreation of the soil test data are pH, organic matter, CaCQ

percent, aeration, soil moishre and CEC.

Typical range in critical level for DTPA exhactable Fe in USA and Tropics is reported to

be 2.5 to 5.0 Fe mgAg (p,Pm).

(O. AvailableManganese:

Place Mn Hollow Cathode I:mp in the working turet, proceed as in Zn daermination

note the absorbance reading of Mn standards as above and draw graph.

Aspirate the soil extract, note the absorbance reading of AAS and de&rmhe Mn in

solution from the graph.

ppm Mn in soil = 2 (R-B)

wherc,

R is the ppm Mn in soil extracl from the graph.

B is the ppm Mn in blank extract from the graph.

Irterprctationi

Typical range in critical level for DTPA extractable Mn is reported to be 1.0 to 5.0 Mn

mg/kg (prpm) and average critical value is 1.4 mgAg.

'19

Interoretation:

Cakulation:

Factors influsrcing the interpreration of the soil test data are pH, organic matter, CaCQ

percent and t€xturc.



(e). Available Boron fifot Waterl:

PrinciDle:

Although there are several chemical soil test nrethods for predicting crop response to B,

the hot water extractiqr procedure is the most widely used one. Current method typically

includes dilute electrolyte instead of water which provides clear and oolorless extrrct and

thus eliminales the need of activated ctrarcoal. Because of the low B concenEations

encountered in sofu, and arailability of the apparaas in the laboratories, the calorirn€trb

procedure is commonly uscd. &rt of the four recommended calorimetric melhods, a

relatively new procedure that employs azomethine'Il as a complexing agent for boric rcid

in aqueous rnedia is given here.

Developed by Samina et al, modified by Basson et al, further modified by Wolf and

improved by Jotrn et d, the azomethine-H merhod is very simple, little or no interferenoe

from a wide variety of salts and is useful for high volume routine analysis of B. Over a

concentration range of 0.5 to 10 ug of B/ml, azorne.Ihine-H solutions form a gable

complex with H3Bq at pH 5.1. The complex formation is very rapid that reains

proportional absorbanceconcentration properties (maximum absorbance at 420 mu) for

several hours. This technique is not only rapid but also valuable and more convenient to

use than the traditional procedures employing carmkte, calcimine or quinalizarin.

Apparatus:

Spectophotometer.

Polypropytene test tube tubes - 10 ml capacity.

Reflux condenser.

Evaporating dishes, porcelain.

Low-B glass wares.

Pipettes | fiil,z ml and 5 ml.

Reagents:

Calcium hydroxide suspension: Add 0.4 gm of reagent grade Ca(OID to

100 ml of distilled water.

Eydrochlorlc acld 0.1N: Dilute 8.1 ml of AR concentrated HCI to abqtt

900 ml with distilled water, mix, cool and adjust the volume to exactly lL.
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Calcium chloride 0.(DN: Dissolve l. I I gm of anhydrous CaCl2 in 500 ml
of distilled water and dilute to exact 1000 ml.

Buffer solution: Dissolve 250 gm of NII.OAc and 15 gm of EDTA -
disodium salt in 4m ml of distilled water. Slowly add 125 rnl of glrial
acetic acid and mir.

AzomethineE reagent: Dissolve 0.45 gm of azomethine-H @erce
Chemical Co, Roclford, Ill.,USA) in 100 ml of I percent L-ascorbic acid

solution. Fresh reagent should be prepared weekly and stored in a
refrigerator.

Boron skndard solution: Dissolve 0.114 gm of A.R HrBQ in distilled

water ard dilute to lL - 20 ppm B/ml.

Working ststrdard boron solutlon: Dilute 10, 20, N,40 and 50 ml of
stock standard solutidr to 100 ml with dist'rlled water. This solution will
have 2,4,6,8 and l0 ppm B/ml respectively.

Deionlzed disfllled vater.

Procedure:

Weigh 20 gm of air dried soil in a 250 ml low-boron erlenmeyer flask (corning) ad add

40 ml of CaCl2 solution. Athch a water cooled reflux condenser to the flask and h€at the

suspension until inir,ation of boil. Then reflux the suspension for precisely 5 minutes ard
cool the flask witlout rcmoving the condenser. Filter or centrifuge the suspension for 15

minutes at 150G2000 rpm. Transfer a 20 ml aliquA of the filtrate to an evaporating distr,

add 2 ml of Ca(OII): susp€nsion and evaporat€ 3o dryness on st€am hot plate, Heat the

evaporating dish gently over a flame (ust enough) to destroy organic rnattef. Cool $e
dish and add 5 ml of 0.lN HCl. Triturate the residue thoroughly with a policeman. Run

a blank as above but without soil. Take an appropriate aliquot (usually I rnl) of sample,

blank and standard solution into a l0 ml polypropylene tube, add 2 ml of buffer and mix.
Add 2 ml of azomethine-H reagent, mix and read the absorbance after 30 minutes at 420

mu. Refer these readings to that ofa standard curve prepared with 0,2,4,6,E and l0 ppm

B/ml solutions to convert readings to boron concentrations in the test sample.

3

4

5

51

6.

7.

8.



Calculatiog:

ppm B in soil :

Where,

R - ppcn B in I ml of solution tested.

Inter?retation:

Factors influencing the interprefation of the soil test datn arc pH, organic matter, soil
moisfire, texture, soil tlpe and crop yield gml.

T)rpical range in critical level for hot $ater soluble B is reported to be 0.1 to 2.0 B
mglkg (ppm) and average critical ralue is 0.5 mglkg.

(0. Available Molybdenum

kinciple:

The acid ammonium oxalate (AAO) procedure first develo@ by Grigg (1953) is perhaps

still the most @mmonly used soil te$ extractant for Mo. Porpularity of the procedure is
not a result of its unerring ability to predict Mo deficiency, but rather no befler method

has b€en develo@.

In the AAO procedure, Mo ion is extracted from soil by shaking wift 0.2N oxatic acid

buffered at pII 3.3 with ammonium oxalate. The oxalate ion in ttre extract is deshoyed by
ignition and taken up in dilute acid.

The molyMate ion in the solution is reduced (Mo' to Mo{) by stannous c}rloride in

Presence of thiocyanate to form an amber-orange colored complex betrpan tlre
thiocyanate and S-valent Mo. Bocause of smdl amount of Ir{o in most soil extract, the

colored complex is dissolved out of the aqueous phase into a small volume of immiscible

organic solvent. The most suitable organic solvent is prepared by mixing CCf and

isoamyl alcohol.

When the thiocyanate - Mo complex is fornred, ttre acidity ( as IICI) should be near lN
and the thiocyanate concentration should be at least 0.5 percent ( l% as the K salQ.

Considerable variation in the concentration of stannous chloride is, however, allowable; a

final concentration of l-2 percant is usually used. The presence of at leas lmg of ircn

R

2
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insures full color development of thiocyanate-Mo complex and there is no adverse effecl

from large amount; thus about lmg of Fe (ferrous or ferric may be used) is added,

although some may be present already in the soil extract. The SnCl, reducss ferric ion

and so prevents the formation of red ferric thiocyanate.

Interferences are possible from hrngst€n, titanium, vanadium and platinum but none of
these is likely to be presert in acid oxalate soil extracts in amount sufficient to cause

serious erron.

Apparatus:

I
2

3

4

5
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Erlenmeyer flask 250 and 500n1.

Measuring cylinders l0 and 250n1.

Shaker.

Separating funnel, 50ml, preferably with plastic stopcock and having slrcrt

exit tube.s (Squibb Upe).
Stand for separator funnel.

Bulb lppes 1,2 and 5ml.

Spectrophotometer, having cells or tubes of l.Gl.Scm cross section and a

capacity of 5ml or less.

Fumace.

Basins, porcelain 3G35rtl
Filter paper whatnun No.,l0; lftm
Funnel 75cm diameter.

3. Eydroclloric acid 5l{: Dilute 435m1 of concentrated HCI to lL.

Ferrous nmmonium sulphate, approximately 0.01N: Dissolve 4gm

Fe(NII.)2(SOJ6.6H,O in 800 ml DD warcr, add 15ml of lN HrSO. and

dilute to lL.

E.

9.

10.

ll.

Reagents:

4
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1. Glass double distilled wat€r or deionized distiiled water (DDW):

Extracting solution (AAO), 0.2N E CrO..2Hp with 2.5 percent
(NIIJrCp..HrO,pE3.3: Dissolve 250gm ammonium oxalate and l26gu

oxalic acid in lOL DD water. Check that pH value is near 3.3

2.



Potassfum thlocyenate, il)%: Dissolve 30gm potassium thiocyanate (or

sodium Olos:ruate) in 100 ml DD water.

Stannous chloride, *% ln lN hydroctrloric acid: Add 30gm SnCl.2IIp
to 20ml5N HCI and dilub to 100 ml. Filter if tu6id and srore in the

refrigerator.

Organic solved: lvfix equal volume of Carbon tetrachloride and iso-amyl

alcohol.

8. Standard Mo. solution, l0fi)ppm:

Dissolve exactly 1.59m molybdenum rioxide, Mo03, ia sml of 5N

sodium hydroxide, dilute to about 500 ml and just acidify with about

2ml of 5N HCt. Ftunlly dilute it to lL.

b) Working Mo standard, lOppm: Dilute 5ml of 1000ppm Mo solution

to 5md. Prrya"e only as required.

hocedure:

Weigh 25gm soil in sfihrl Erlenrneyer flask, add 250m1 acid oxalate extracting solutim
(AAO), shake for 12-16 troun (overnight) period and filter through Whauratr fib.'10 6lkr
pqper

Evaporate a total of 2(Dml of extract to dryns$ a#ing a little at a tirp in porceJain hsin
wlrcse op has been lig[tly greasod with vaseline b prevent creeping of the oxalale over

the edge. Evaporate the sane amount of extracting solution in sryarate basin fG &o

btank. Ignite the residrp at 45SC for 3-d houn in a muffle furnace to &stroy oxatab.

Cool the basin and add 5ml of 5N HCI to dissolve the salt. Transfer the solution to a

s0ml se,parator firnnel, bringng the volume to 20-21m1. If the residue dm m dissolve

completely in the acid, the liquid may be filtercd ttrlough a small filter paper inb fu
separating funnel, washing the paper well, although, dight turbidity is not lurrnful. Then

dd zffn ferrous ammonium $ulphate solution to tIE solution in ttre sryarator funrd.
heeare a blank (in addition to the blank on the extracting solution) and stardards by

transferring AJ,2,3,4 ad 5ml of working molybdanum standad (l0ppm Mo) to rix
separuoqf funnels, adding 5mI of 5N hydrochloric rcid and 2mI of fermrs armmium
sulphate to eash and making tk fmal volume b nA3d.

5

6.

7
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Add 2-3nrt organic solvent and shake well for two minut€s to saturate the aqueous phasc.

A preliminary tr€atm€nt of the solution with the organic solvent prior to additiot of
thiocyanate and reducing agent ensues thal aqueous phase is saturated with it and

ttrerefore there is no subs€quent volume change of organic phase when thiocyanate-Mo

complex is finally ertracted quantitatively. Allow the phases to separate, tapping thc

funnel or swirling the liquid to produce a clean boundary line; then run off tlre lower
(organic) phase.

Calculation:

250

p,pm Mo = (R-B) r -:- r
2@

(R-B)

where, R : ppm Mo in the soil extract from the graph.

B : ppm Mo in the blank (AAO) from the graph.

N.B: In Table 5, a summary is girm.

Interpretation:

Factors affecting the interpreation of the soil test data are pH and crop. Typical range in

critical level for Acidic Ammonium Omlare (AAO) extractable Mo is reported to be 0.1

to 0.3 Mo mg/kg (ppm) and level higher than 0.2 Mo mg/kg has been identified as

adequate

I
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Add lml of 30 percent potassium thiocyanate solution !o the aqueous phase, mix, add 1

ml of 30 perc€nt strnnous chloride solution and mix again. Then add exactly 5ml organic

solvent and shake well for two minutes. lnvert the funnel in a stand so.that the strycock
is uppermost, dry the exit [$e and stopcoct bore with absorbent pap€r or srctiqr. Affer
15 minutes, shake the liquids again quickly and allow them to separate once morc, with
the funnel supported in the normal position.Make sure the exit tube is still dry and &€n

run off the colored organic ptrase into a suitable spectrophotrometer tube or cell.

Read the absorbance of standards as well as samples at 470 mu wavelength, as oompared

with ttre blant contaiaing rc molyM€num.



Tabh 3.4. Soll teS methods. soil factor:s influencine their tnterprctstionrend typiorl
ranges ln critical bvels for micronutrients.

Element Interecting fa$or:s Me&od Renge tx critkrl
hvel mg/kg.

Boron

Coep€r

Iro{t

Manganese

Molybdenum

T,inc

Crop yietd gml, pH,soil

mois;Aue

texture, organic ma$er,

soil q.pe

Crop,organic

matter,pH, perceot

CaCq.

pH,percent

CaC03,aeration, sil
moisture, organic

ma$er, CEC.

pH,texhne, organic

mattEr,percent CaCOr.

pH, crop

pll,percent CaCOr, P,

organic mat&er, percent

clay, CEC.

Hot-water soluble

DTPA

DTPA

DTPA

Ammonium

Oxalate, pll 3.3

DTPA

0.1-2.0

0.1-2.5

2.5-5.A

1.0-5.0

0.14.3

0.2-2.0
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Chapter [V

Cation Exchange Caoacity

Different methods of the determination of cation exchange capacity of soils are described

in this chapter.

Princiole

Soil minerals and organic colloidal particles have negative charges that hold dissociable

cations. The negative charges in soil may be either of permanent nature due to

isomorphous substitution within the silicate layer structure or of variable naturc due to the

broken bond at the mineral edges and external surfaces, dissociation of acidic functional

groups in organic compounds and the preferential adsorption of certain ions on the

particles surfaces. The cation exchange capacity determination involves the measurement

of totat quantity of negative charges per unil weight of the soil. Cation exchange capacity

(CEC) is usually expressed as mill-iequivalent per 100 gm. of soil (m.e/100 gm). Many

methods for determining CEC are available by using different combinations of soil

saturation, washing and extraction procedures, with different cations for saturation and

replacement cations at different pH. Most methods used may be categorized as one of four

given below:

1. The sum of the exchangeable cations displaced with a saturating solution is taken

as CEC.

After the exchange soils have been saturated with index cation, the soil is washed

free of excess saturating cations, and the cation adsorbed by soil is determined by

displacement.

After the exchange sites have been saturated with index cation, the radioactive

isotope of the saturating cation is used to determine the adsorbed cations by

isotope dilution method.

2

3

4
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After the soil has been saturated with an index cation, the adsorbed and the small

excess amount of saturating cation after centrifuging is displaced directly by

another salt solution without washing. The saturated cations and an excess are then

determined in the resulting extract, and their difference is taken as the CEC of the

soil.



The different reagents commonly used for saturating exchange complex are normal

neutral ammonium acetate, normal sodium acetate at pH 8.2 and BaCl2 - triethanolamine

at pH 8.0. The normal neutral ammonium acetate and normal alkaline NaoAc method are

described here and the guide to methods of CEC determination is given below. While
reporting CEC of soil, il is important to mention the method used for its determination.

Guide to Methods of Cation Exchange Caoacitv Analvsis

(Soil) Saturating cations and pH of solution

The suggested pH values and carbon percentage are approximate.

Soil Types Ammonium

7.0

Sodium

8.2

Barium-TEA

8.0

Acid soil pH (1:5)

less than 6.0
x

Calcareous

Slightly acid to

neutral

x x

Saline and/or
gypsiferous

Organic (73%C) x x

Method for determination

of
CEC

Distillation Flame

photometer

Gravimetric

Suitabiliry for Exch. cations x Exch. Acidity.
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s). Ammonium acetate method

Principle

Cation exchange sites of the soil are saturated with ammonium during the leaching of the

soil with ammonium acetate. After removing the excess of saturating cations, the

adsorbed ammonia is determined by distillation with alkali.

There are two important advantages of the ammonium acetate method. Firstly the

determination of ammonium is easy. Secondly the leachate can be used to determine the

exchangeable cations.

The disadvantages with this method are (i) Calcareous soils present a problem due to

solubiliry of CaCO3 in NHnOAc solution (ii) NII is tmpped in expanding clay (iii) low

results obtained in high organic matter and kaolin content soils.

Apparatus:

Vacuum pump.

Buchner funnel.

Volumetric flask 250 ml.

Distillation apparatus with 500 ml. or 800 ml. flask.

Erlenmeyer flask 250 ml. & 500 ml.

Beaker 500 ml.

Filtering flask 500 ml.

Reagent :

lN arnmonium acetate pH 7.0: Dilute 575 ml. of glacial acetic acid to 8L

with distilled water. Add 700 ml. of concentrated NILOH and dilute to l0
L. Adjust the pH to 7.0 with NII.OH or HOAC.

Ethanol: 95 percent ethanol.

Mixed indicator: Dissolve 0.5 gm Brom cresol green and 0.1 gm methyl

red indicators in 100 ml. of 95 percent ethanol.

Boric acid 4%: dissolve 40 gm crystal HrBO, in one liter distilled water.

Magnesium oxide (Light).

0.1N HCI: Dilute 16 ml of 6N HCI to lL and standardize with NqCOr.
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Procedure :

Weigh 10 gm soil in 250 ml Erlenmeyer flask and add 50 ml of lN neutral ammonium

acetate solution. Shake for 30 minutes and leave overnight. Fix Whatman No. 42 filter

paper into the Buchner funnel by wetting and applying gentle suction. Transfer the

content of the Erlenmeyer flask quantitatively into the Buchner funnel and collect the

leachate in 500 ml suction flask. After the liquid has passed through, leach the soil with

about 15-20 ml portions of saturation solution, allowing each portion to drain through

before adding the next until 200-220 ml of the solution has been collected. Transfer the

leachate into 250 ml volumetric flask make the volume and save for the determination of

exchangeable cations.

Wash the soil in the Buchner funnel with l0 ml portions of ethanol, draining between

each addition, until a total of 75-100 ml of liquid has passed through. Do not let the soil

dry after this step.

Transfer the well drained soil along with filter paper into distillation flask and add

distilled water to about 200 ml in (500 ml) distillation flask. (350 rnl if 800 ml Seldahl

flask is used). Add about 2 t€aspoonful of MgO and heat to boil. Heat should be

controlled in the beginning to avoid frothing. Collect the distillate into 50 ml of 4% boric

acid containing 4 drops of mix indicator, previously placed under the condenser. Collect

150 to 200 ml of distillate and titrate with 0.1N HCl.

Carry out a blank determination including all the reagents and the process as in sample.

(T-B) X N

CEC me/100gm : x 100

w

Where,

T = Volume of acid used in the titration of sample.

B = Volume of acid used in titration of blank.

N : Normality of the acid.

W = Oven dry wt. of soil.
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b). Sodium acetate method

Principle

Saturation of the exchange sites is effected with sodium ac€tate and the excess of salt is

removed with ethanol. Then the adsorbed sodium is replaced by ammonium, using

ammonium acetate and the sodium in solution is determined with flame photometer'

This method is suitable for arid land soils because the sarurating solution of sodium

acetat€ does not dissolve CaCOr and CaSQ, which is a problem with ammonium acetate

method.

Apparatus:

Flame photometer.

Vacuum pump.

Buchner funnel.

Filtering flask 500 ml.

Volumetric flask 100 ml.

Pipette.

Reagents:

lN sodium acetate, pII 8.2: Dissolve 1360 gm NaOAc in lOL of distilled

water and adjust the pH to 8.2 with lN NaOH or HOAc.

2. Ethanol 95 percent.

3. 111 smm6nirrm acetate pH 7.0: Prepare as given ir ammonium acetate

method

Sodium standard solution 50 m.e/L: Dissolve 1.4612 gm dried AR NaCl

in exactly 500 ml distilled water.

Working Na standard: Dilute 2,4,6,8 and l0 ml of 50 m.ey'L stock

solution to 600 ml. Add 40 ml of lN NIOAo to each and dilute to lL.

The solutions will be 0.1,0.2,0.3,0.4 and 0.5 m.e/L Na in 0.04N NHnOAc'
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Weigh 10 gm of soil in 250 ml Erlenmeyer flask and add 50 ml of lN sodium ac€tate pH

8.2. Shake for 30 minutes and leave overnight. Fix Whatman No. 42 filter paper into the

Buchner funnel by wetting and applying gentle suction. Transfer the content of the flask

quantitatively into the Buchner funnel and collect the leachate in 500 ml suction flask.

After the liquid has passed through, leach the soil with about 15-20 ml portion of
saturating solution (NaOAc), allowing each portion to drain through before adding the

next, until 200220 ml of the solution has been collected. Wash the soil in the Buchner

funnel with 10 ml portions of ethanol, draining between each addition, until a total of 75-

100 ml of liquid has passed through. Place a new filtering flask and leach the soil with

lN ammonium acetate pH 7.0 solution. Continue the leaching as above until the leachate

is about 200220 ml. Transfer the leachate into 250 ml volumetric flask and make up the

volume. Run the blank as above but without soil. Dilute l0 ml of ammonium acetate

leachate to 150 ml with distilled water. Calibrate the flame photometer with the sodium

working standards and determine the reading for the diluted extracts.

Calculation:
2s0 250

CEC m.e/100 gm (R-B) x
10 10

Where,

R : m.e Na in diluted extract from graph.

W = Oven dry wt. of soil.

B : m.e Na in blank from graph.

c) Ba-triethanolamine method

Principle:

Barium chloride buffered with triethanolamine at pH 8.0 is used as satuftrting solution.

Barium chloride alone is used at the end of the saturating stage and the excess is washed

out with water. Barium is finally displaced by Eeatment with ammonium chloride also

buffered at pH 8.0 and determined gravimetrically as sulphate.

Apparatus:

l. Buchner funnel for 7cm diameter filter paper.

2. Filtering flask 500m1

3. Beaker 250m1

4. Vacuum pump

1

----- x ----- x
w
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Reagents:

1) Barium chloride 0.5N - triethanolamine buffertd at pH 8.0: Dissolve

305 gm BaC12.2H2O to about 3 liter of distilled water. In a separate vessel,

dilute about 35ml triethanolamine to about 150m1 wilh distilled water and

add about 120m1 of lN HCl.

Mix the two solutions and make up to 5L with distilled water.Check the pH

and adjust if necessary with diluted triethanolamine or HCI to pH 8.0.

Protect the solution from carbon dioxide.

2) Barium Chloride 0.1N: Dissolve 12.2 gmBaClz.2H2O to 2L with distilled

water

3) Ammonium Chloride lN pII E.0: Dissolve 535gm ammonium chloride

to nearly 9L and add lOOrnl 5N ammonia solution and make up the volume

to 10L. Check and adjust the pH to E.0.

4) Hydrochloric scid 5N: Dilute 105m1 concentrated HCI to 250m1 with

distilled water.

5) Sulphamic acid.
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5. Filter paper Whatman No.42 or 54, 7cm diameter

6. Volumetric flask 250m1

7. Balance

8. Policeman

9. Pipette bulb 50ml

10. Pipette graduated 5ml

I l.Measuring cylinder

l2.Water bath

13.Wash bottle glass

l4.Wash bottle plastic

l5.Muffle furnace

l6.Drying oven

I 7 . Desiccator



Weigh lOgm air dry soil passing through 2mm sieve in 250m1 beaker and add 50ml

Barium chloride triethanolamine solution, stir, cover with watch glass and leave

ovemight. Fix Whatman No.42 filter paper into lhe Buchner funnel by wetting and

applying gentle suction. Pour the supematant solution from the beaker in the Buchner

funnel without or gentle suction. After the liquid has passed through, transfer the soil to

the funnel with saturating solution and allow to drain. l-each the soil with four lots of
25ml 0. lN barium chloride, allowing each portion to drain through before adding the

next. The leaching process should trke at least one hour. Wash the soil in tie Buchner

funnel with three lots of 25ml distilled water. Transfer the filtrate in 250m1 volumetric

flask and make up the volume (fhis solution may be used for the determination of

exchangeable acidity).

Transfer the well drained soil (saturated with Ba) to a 250 ml bea-ker with 50ml

ammonium chloride solution, stir,cover with watch glass and leave overnight. Decart the

supematant liquid in a clean set of Buchner fi.rnnel and filtering funnel and proceed as

before washing the soil with four lots of 25ml of ammonium chloride. Transfer the filtrate

quantitavely into 250m1 volumetric flask and make up the volume.

Pipette 50ml aliquot out of 250m1 ammonium chloride leachate to a 250m1 beaker, dilute

to l0G125ml with water and add 1.5m1 5N HCl. Also add lgm sulphamic acid and lreat

on a water bath. Continue heating for 30 minutes after the precipitate of barium sulphate

begins !o appea.r. Filter the barium sulphate immediately through a Whatman No.42 filter

paper or preferably fine filtering crucible (tared), cleaning the beaker thoroughly with a

policeman. Wash the precipitate with minimum quantity oi hot water until the filtrate is

free of chloride ( test with silver nitrat€). If a filter paper is used, fold it carefully round

the precipitate and place it in a tared porcelain or silica crucible. Dry this ( or filtering

crucible if used) in an oven at 1050C. Transfer to a muffle furnace and ignite slowly,

finally increasing the temperature to 80dC for an hour. Remove the crucible from

furnace, cool in a desiccator to room temperature and weigh to 0. lmg accuracy. Rep€at

heating, cooling and weighing till the weight is constant.

Procedure:

55



Calculation:

8.567xWxVxl00

Cation exchange capacity =

Where,

A

D=
w=
8.567 =

AxD

Aliquot taken out of final ammonium chloride

leachate

Total volume of ammonium chloride leachate

Weight of soil

Weight of barium sulphate precipitate

Conversion factor from barium sulphate to milliequivalent.
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Chapter V
Exchanseable Cations

In this chapter, the analytical methds for the estimation of exchangeable cations in the

soils are given.

Principle:

Exchangeable cations are those that can be exchanged by a cation of the salt solution

added to the soil. Calcium, magnesium, sodium and potassium are the exchangeable

cations that occur commonly in soils.

In most agricultural soils Ca occurs in larger quantity followed by magnesium, potassium

and sodium in order. Soils having magnesium material in the parent material may have

lower Ca than Mg. Similarly saline soil may have lower Na content than Mg and K.

The determination of exchangeable cations is straight forward when the soil contains only

small amount of water soluble salts of the cations concemed. But the extncts of saline

soils contain Ca, Mg, Na and K from the salts deposited and therefore exchangeable

cations determination in such soils are never very accumte whatever the method is used.

The most commonly used method for the determination of exchangeable cations is

saturation with normal neutral NltoAc. With this method cation Ca extraction is not

accurate in soils having free CaCO, and gypsum and cation K extraction is doubtful in

soils dominated by mica and vermiculite.

Arnmonium acetate ethod of renlacement

Princiole

Apparatus:

Flame photometer.

Same as in CEC determination except distillation apparatus.

Porcelain basin 100 ml.

Burette 50 ml.

Pipette l0 ml graduated.

I
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In the ammonium acetate extract of soils, Ca and Mg may be determined by versenate

titration and sodium and potassium can be determined directly by flame photometer.



1 Nor,nal neutral ammonium acetate solution as in CEC determination by
NIIooAc method.

2. K standard as in available K determination

3. Na standard as in CEC determination by sodium acetate (NaoAc) method.

0.02N versenate (EDTA) solution: Dissolve 2 gm of EDTA @thylene
diamine tetra acetic acid disodium salt) in 500 ml distilled water. Add
approxirnately 50mgm of MgCl, 6HrO to the solution and dilur€ to lL.

6. Sodium hydroxide 107o solution: Dissolve l0 gm of reagent grade NaOH
in 100 ml distilled water.

Murexide indicator: Thoroughly mix 0. I gm of Murexide indicator with
20 gm of powdered potassium sulphate.

Eriochrome Black T indicator (EBT): Dissolve 0.5 gm of EBT with 4.5
gm of (NHpH. HCI) hydroxylamine hydrochloride in 100 ml of methanol.

10. Potassirrm cyanide solution: Dissolve I gm of KCN in 100 ml of distilled
water.

I1. Ammonium hydroxide - ammonium chloride buffer solution: Dissolve

67 .5 gm of N{Cl in 200 ml of distilled water and 570 ml of concentrated

ammonium hydroxide and dilute to lL.

12. Triethanolamine, Reagent Grade (TEA).

4
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Reagents:

5. Standard Ca solution: Weigh 0.5005 gm of dried AR CaCO, and dissolve
in l0 ml of approximately 3N HCl. Boil the solution to expel the Ce and

dilute !o lL. The solution is 0.01N with respect to Ca.

Calcon indicator: Dissolve 20 mgm of calcon in 50 ml of methanol.

Prepare a fresh solution every week.

13. Potassium ferrocynide solution: Dissolve 4 gm of I(Fe(CN)u. 3HrO in
100 ml of distilled water.



1

Standardization of the Versenate

With EBT : Pipette l0 ml diquot of Ca standard solution in the porcelain basin

and dilute with about 50 ml of distilled water. Add to it l0 ml of NIITOH - MLCI
buffer solution followed by 10 drops each of KCN, TEA, &Fe(CN)5, and EBT

indicator. Titrate the solution with EDTA to a permanent blue color. Tirrate three

distilled water blanks with every standardization.

With Murexide or Calcon indicator : Pipette 10 ml aliquot of Ca standard solution

in three porcelain basins and dilute with about 50 ml of distilled water. Add 5 ml

of l0% NaOH solution, 10 drops each of KCN, TEA and about 50 mg of
Murexide indicator. Stir the solution to dissolve the indicator and titrate with

versenate from the red to purple color. When close to end point, the versenate

should be added at the rate of two drops every 5 or 10 seconds, as the color

change is not instantaneous. [f calcon indicator is used, titrate the solution from

red !o blue with the versenate solution ].

Procedure:

Weigh 10 gm soil in 250 ml Erlenmeyer flask and extract the soil as in CEC

determination by Nt{oOAc method and make the volume to 250 ml.

a). Potassium:

Calibrate the flame photometer with potassium standard and aspirate the above extract

directly and note the flame photometer reading. If the K concentration in the solution is

high, dilute the exfact with ammonium acetate and note the reading. Note the dilution of

the extract for the calculation. While diluting the solution take care to have the flame

photometer reading between 20-80 in 0-100 scale.

Calculation:
D.F 250

K m.e/100 gm = (R-B) X ---- x
w10

Where, R = m.e K in the extract from graph.

B = m.e K in the blank from graph.

W = Oven dry wt. of sample.

DF = Dilution factor.

2.

Determination of:
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b). Sodium:

Calibrate the flame photometer with sodium standard and proceed as in exchangeable

potassium determination.

Calculation:

D.F 250

Na m.ey'100 gm : @-B) X ---- x
i0

Where,

R = m.e Na in the extract from graph.

B = m.e Na in the blank from graph.

W = Weight of oven dry soii.

DF : Dilution Factor.

c). Calcium

Take 2O ml aliquot from the ammonium acetate exfiact solution in a porcelain basin and

dilute with about 50 ml of distilled water. Add 10 drops each of KCN, TEA, M{rOH.

HCI and enough of 10% NaOH !o raise the pH to 12 (about 10 ml). Add about 50 mg of
murexide indicator (or 5 drops of calcon indicator) and titrate the solution from red to

purple color with EDTA solution. When close to end point, the EDTA should be added at

the rate of about 2 drops every 5 or 10 seconds, as the color change is not instantaneous.

[If calcon indicator is used, the color change is from red to blue at the end point]

Calculation

cr-B) N 250

x ----- x 100

w

G-B)N x 1250

w
Where,

T = Volume of EDTA used up for sample titration.

B = Volume of EDTA used up for Blank titration.

N = Normality of EDTA.

W = Oven dry wt. of soil.

w

Ca m.e/100gm -
20

7L



d). Magnesium

Take 20 ml aliquot from the ammonium acetate extract solution in a porcelain basin and

dilute with about 50 ml of distilled water. Add 15 ml of NI{.OH - NII.CI buffer solution
followed by l0 drops each of KCN, NH2OH HCl, KnFe(CN)o and TEA. Heat the solution
!o near boil.ing point for several minutes and add 10 drops of EBT indicator. Titrate the
solution from a red to blue color with EDTA solution. Titrate the blank in the same

manner

Calculation

cr-B)x250xt00xN
(Ca + Mg) m.e,/100 gm =

20xw

cr-B)N x 1250

w

Where,

T = Volume of EDTA used up for sample titration.
B : Volume of EDTA used up for Blank titration.

N = Normality of EDTA.

W = Oven dry wt. of soil.

Therefore, Mg m.e/100 gm = (Ca + Mg)m.e/100 gm - Ca m.e/100 gm.
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CHAPTER VI

Introduction:

Plant analysis aids in the characterization of soil chemical properties in terms of soil
fertility and mineral nutrition of plants. It has been used as a tool in interpreting the
results of res€arch, confirming visual symptoms of nutrient deficiencies, exc€ss or
imbalances in plants and guide in fertilizing soils. It is an analysis of soil by means of the
plans. In this chapter the analysis of nutrient eiements in plans and different methods
involved are described.

Puromes of plant testing:

Plant testing may be done for three purposes: diagnostic, monitoring, and predictive or
prognostis testing.

a) Diagnostic testing (sometime called 'troubleshooting') is under taken to diagnose
the cause of poor crop vigour (e.g. patches of poor growth in an otherwise healthy
crop, pasture or orchard) or to conform a diagnosis made on the basis of ptant
symptoms or soil tests.

b) Monitoring samples are collected to assess the adequacy of current fertilizer
practices and related management factor (e.g.irrigation technique). Monitoring can
be done to compare the nutritiond status of crops grown in successive years and
allow the fertilizer use to be adj usted according to Eends in the chemical
composition of the plant. It can also be used to monitor the nutritional status of an
individual crop or pasture during its development (i.e.crop logging) and thus
ensure that its nutrient requirements are being met satisfactorily.

c) Predictive or prognostic testing may be used in three ways.

i) Analysis of samples collected during early crop development is used to
predict the likelihood of nutrient deficiencies occurring before crop
maturity is reached.

iD Analysis of fruit is used to predict its likely behaviour in storage.

iiD Analysis of seeds or grain is used to predict likely dehciencies in
succeeding crops.

1. Preparation of Plant Samples

Plant samples collected from the field should first be cleaned of soil particles with
minimum amount of distilled. water or moist tissue paper. The sample is dried
immediately in a forced draft oven at 7trC (6G80"C). While drying the samples should be
thinly spread in the oven. The dried sample can be ground in grinding mill for the major
nutrients determinations, but if the trace elements have to be determined, it should be
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ground with the pestle and mortar. The ground plant should be fine enough to pass

through 0.5 mm sieve.

2. Total Nitrogen

Principle:

Organic nitrogen is converted into ammonium by hydrolysis during the digestion of the
plant tissue with concentrated sulphuric acid. The digestion mixture hastens the reaction
by raising the boiling temperature as well as acting as catalyst. The ammonium in the
digested solution is liberated during the distillation with alkali which is being absorbed in
boric acid. The adsorbed ammonium reacts with standard acid during titration.

Apparatus:

l. Digestion flasks or block digester tubes
2. Digestion apparatus
3. Distillation apparatus
4. Volumetric flask - 100m1

5. Conical flask - 250m1
6. Acid dispenser
7. Pipette - 10 & 20ntl
8. Measuring cylinder - 25ml
9. Burette - 25ml
10. Asbestos gloves

Reagents:

l. Concentrated sulphuric acid (LR)

Sodinm hydroxide 407o: Dissolve 400 gms sodium hydroxide (LR or
flakes) in one litre of distilled water and cool.

3. Boric acid 4%: Dissolve 40 gms boric acid crystal in one litre of distilled
water.

Mired indicator: Dissolve 0.5 gms brom cresol green and 0.1 gm methyl
red indicators in 100 ml 95 percent ethanol.

Digestion mixture: Grind and mix 10gms of copper sulphate, one gm of
selenium and lOOgms of potassium sulphate or sodium sulphate.

0.05fi HCI: Dilute l7m1 of concentrated hydrochloric acid in two litre of
distilled water (A). Standardize 20ml of this solution (A) with 0.5N sodium
hydroxide or sodium carbonate. Dilute the solution (A) according to the
strength to have 0.05 N HCl.

2

4

5

6
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Procedure:

Weigh 0.20 gm of plant sample in a filter paper and drop as package into a 100 ml
digestion flask or tube. Add 2 gm of digestion mixture and 10 ml of conc€ntrated [I2SO..
Digest the sample in low heat until the frothing has stopped. Raise the temperature to
about 400qC taking care that the acid condenses at about one third the way up the neck of
the digestion flask. [With Block Digester Tecator, slow heating is not necessary. The
digestion tube can be placed in the preheated digesterl. Swirl the flask at intervals and
continue the digestion till the carbonaceous particle is present and the colour changes to
green-blue. Continue the digestion for one to one and half hour more after the colour has
changed to greenish blue. Cool the flask and add about 40 ml of distilled water before the
solution starts crystallizing. Transfer the solution in a 100 ml volumetric flask washing
the digestion flask with 34 lots of small amount of distillei water and make up the
volume. Take 20 ml of 4 percent boric acid in 125 ml. Erlenmeyer flask and add 4 drops
of mixed indicator. Place the flask under the condenser.

Take 20 ml aliquot of the digested solution in a distilling flask and add about 100 ml
distilled water. Pour 20 ml of 40 percent sodium hydroxide solution down the neck
holding the flask at 45o angle so that it runs to the bottom of the flask without mixing.
Attach the flask quickly to the distillation unit and swirl to mix. Heat the distillation flask
to boiling but avoid sucking back of boric acid. Continue distillation till the distillate is
about 75m1. Determine the nitrogen by titrating the distillate with 0.05 N Hcl. The colour
of the mixed indicator just changes from blue to reddish at the end point. Run the blank
with all the chemicals and process except the plant sample, for each batch of 20 samples.

Calculation:
(S-B)xnx14x10Ox100

% N=
Wx1000x20

(S-B)xnx7

w

Where, S = Volume of standard acid (ml) used up by sample

B: Bla-nk

n = Normality of the standard acid

W : Oven dry weight of sample.
14 = Equivalent weight of nitrogen
20 = Aliquot.

3. Plant Tissue Extract

For the determination of mineral nutrients in the plant tissue samples, the organic matter
has to be oxidized and the mineral elements should be released. This may be done by
either dry ashing or wet oxidation by means of oxidizing acids such as the ternary acid
mixture (HNOr - HjSO. - HCIO.) or acid digestion in HrSOo and H2O2.
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Wet oxidation with HCIO. avoids the loss of K through volatilization and gives a clear
solution of all constituents. It has been reported that phosphorus and boron can be lost
during HCIO. digestion if excessive temperature (much over 20O,c) is used. Danger of
explosion with HCIO. car be overcome by i) predigestion with concentrated HNO3 ii)
inclusion of H,SO. in HCIO. - HNO, solution iii) exhaustion of the HClOn.

Apparatus:

Erlenmeyer flask 500m1.
Electric hot plate with thermostat for temperature control.
Digestion chamber with exhaust system.

Steam bath.
Sand tray to cover the hot plate.

R$gents:

l. Concentrated nitric acid.

Weigh I gm of dried and powdered plant sample in a 500 ml conical flask and add 5ml of
concentrated HNQ for each gram of plant tissue. Swirl the flask to moisten the entire
mass of plant, place it on a steam bath for 30 minutes and then on hot plate at I8CPC as

measured in a beaker of glycerol standing on the hot plate. The suspension is boiled until
taken nearly to dryness. Run the blank digestions (in duplicate) on the reagents added in
the same amounts as employed in the determinations. Carry out all steps parallel to the
sample.

After predigestion, cool the conical flask slightly and add ternary acid mixture. The
amount of acid mixture should be 5 ml for each gm of tissue sample. Digest the sample at

180 to 200C until dense white fumes of HCIO., and HrSO. are evolved. A brown or
greenish scum of MnO2 may appear while HCIO. is present, but this redissolves in the

concentrated H2SO4 at the end of the digestion. Continue the digestion at 180 to 200C
until the acid liquid is largely volatilized. If the acid liquid turns brown with caramelized

organic matter as the volume becomes low, add 5 ml more of the temary mixture of acids

and continue the digestion as before until a clear solution remains after the acids are

largely volatilized. Stop the digestion when the residues in the flask are clear and white
and only slightly moist with HrSO.. The HClOn, at this point, has been largely removed.

Cool the flask and add 5 ml of concenrated HCl. Swirl, police and pour in 100 ml
volumetric flask through Whatman No 42, 12.5 cm filter paper. Repeat the process with
another 5 ml of concentrated HCI and hlter through the same filter paper. Rinse the

I
)
3
4
5

2
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a) Wet Oxidation:

Ternary acid: Mix 100 ml of concentratedHNor,l0 ml of
conc€ntrated HrSO. and 40 ml of 6O percent HCIQ and cool.

(i) Prediqestion in HNO3:

ii. Digeslion in Ternary Acid HNO. - HSQ.--HeOr-:



flasks with two small portions of 6N HCI and transfer into the flask through the same
filter paper and make the volume up to mark with 6N HCI and shake well. kbel the
filtrate as plant tissue extract - (A)

Dry ashing by ignition is an alternative to wet oxidation of plant tissue for the release of
mineral elements. This method has been a popular and very satisfactory however,
signifrcant amount of potassium may be volatilized at the usual ignition temperature of
55OC to 600'C. Both P and K may be lost at temperatures over 600,C. phosphorus is not
lost by volatilization in dry ashing if the ash is alkaline but some may be lost if the ash is
acid. Occasionally charring occurs with large samples resulting into incomplete ashing.
Also, significant erors may occur in the determination of P and the trace elements due to
a portion becoming occluded or insoluble in the ash. Dry ashing is oflen more time
consuming than wet oxidation. For boron determination, dry ashing method is
recommended as it can be lost during wet digestion.

Apparatus:

1.
.)

3.
4.

5N Nitric acid: Dilute 320 ml of concentrared nitric acid, specific gravity
1.42 to lL with distilled water.

Concentrated hydrochloric acid AR.

4N Hydrochloric acid: Dilute 172 ml of concentrated hydrochloric acid,
specihc gravity 1.19 to 500 ml with distilled water.

Reagents:
l.

2

3

kocedurt:

Weigh l.0 gm of plant sample in 30 ml porcelain crucible. Place it in a cool muffle
furnace and raise the temperature to 500qc + 25cc. Ignite the sample at this temperature
for 5 hours ard remove the crucibles from the furnace. If the samples have unashed
carbon, add 3 ml of 5N HNQ and evaporate to dryness. place it again in a cool fumace
at 40ffc for about 15 minutes. If the sample still appear black after this treatment, tlle
colour is due to manganese. Take out the sample from furnace, cool, moisten with
distilled water and add 3ml of concentrated hydrochloric acid. Evaporate to dryness on
low heat hot plate and allow to bake for one hour to dehydrate the silica. Remove from
hot plate, add 5ml of 2N HNQ, heat to warm and stir with policeman to dissolve the
residue of salts. Filter the solution through whatman No 31, 11 cm filter paper into 50
ml volumetric flask, washing the crucible and funnel with hot distilled waier. cool and
make up the volume and mix. Transfer the filtrate into a polythene bottle and tale
this solution to determine ca, Mg, p, K, Na and trace elements. hbel the filtrate as
plant tissue extract - (B)

b. Dry Ashinp (Alternate orocedurt)

Muffle fumace
Hot plate
Porcelain crucible 30 ml.
Volumetric flask 50 ml.
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(c) Acid -Peroxide Digestion (H:SOr.ard;!0%-H:OJ

This method of digestion of plant tissue was developed by Barber (1972) and confirmed
by Parkinson and Allen (1975) and used successfully by Wolf (1982) for N determination
as well as other major elements and micro nutrients in plant tissue. This method of
digestion is quick and less dangerous than ternary acid digestion.

Apparatus: 1. Beaker 600 ml
2. Warch glass or Funnel
3. Hot plate or Block digester.
4. Thermometer 360 C

Reagents 1. Hydrogen peroxide (g,p) 30% by Volume

2. Concentrated HrSO.

Procedure:

Weigh 0.5 gm plant tissue sample ( 20 mesh sieve) into beaker or digestion tube. Add 3.5
ml of conc€ntrated HrSOn and let stand for 30 minutes. Add 3.5 ml of 30% HrO, and
cover the beaker with watch glass or place a funnel into the mouth of the digestion tube.
Place the beaker on a hot plate or digestion tube into a port of the digestion block. Heat
at 350eC for 30 minutes. Remove the beaker or digestion tube from hot plate or digestion
block and let cool. Add further 2ml aliquot of 30% HrO, and repeat the digestion until
the cool digest is clear. Once the digest is clear, dilute to 25 ml with distilled water. The
digest is ready for elemental analysis -Solution (C).

4. Flame photometric determination of K and Na.

Apparatus:

Flame Photometer
Beakers

Reagents:
1. Potassium standard stock solution: Dissolve 1.907 gm of AR KCl,dried

at 4OC,in distilled water and dilute to lL. -1000 ppmK. Use this stock
solution for preparing the working solution.

1a. Working standard K solution: Prepare 100 ppm K solution by diluting l0
ml of 1000 ppm K into 100 ml volumetric flask. Take 0,1,2,4,6,8 and 10

ml of 100 ppm K in l00ml volumetric flask. Add to it l0 ml of lN IITSO.

or lN HNO3 depending upon the acid system of sample and dilute to the

mark with distilled water to give 0,1,2,4,6,8 and 10 ppm K in the acid

system.

I
2
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Sodium standard stock solution: Dissolve 2.541 gm of dried AR NaCl t,o

lL distilled water -- 100 ppm Na. Dilute this 1000 ppm Na standard stock
solution to prepare the working solution.

2a. Working slandard Na solution: Prepare l0oppm Na solution by diluting
lOml of 1000 ppm Na into 100 ml volumetric flask. Take 0,2,4,6,8,10,15
and 20 ml of 100 ppm Na in 100 ml volumetric flask. Add to it l0 ml of
lN HNO3 or HzSq depending upon the acid system of the sample and

dilute up to the mark with distilled water to give 0,2,4,6,8,10,15 and 20
ppm Na in the acid system.

kocedure:

Read the series of standards, with the highest standard to correspond to 100 reading,
using the K filter and determine the readings of ot}er standards and draw a graph.

Dilute the plant tissue extract (B) from dry ashing method to contain 2 to 8 ppm K or Na
per ml and determine the flame photometer reading after calibration with known standard.

Determine the K or Na content from the standard curve.

In the case of plant tissue extract (A) from temary acid digestion method, and (C) from
acid peroxide digestion, take 5 ml aliquot in a beaker and evaporate to dryness. Dissolve
the residue in 5 ml of 2 N I{Nq and make up the volume to 50 ml. Dilute this solution
to contain 2 to 8 ppm K or Na per ml and proceed as above to determine its flame
photometer reading.

Rx100
Na or K % = ---------------------x DF

Wxlff

Where, R = ppm K or Na in the solution
W = Oven dry weight of sample

DF = Dilution Factor.

5 Versenate method of determi tion of Calcium & ll{asnesium

Apparatus:

,

Burette
Pipette
Pipette graduated

Porcelain basin
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Calculation:

l.
2.
3.
4.

50m1.

10ml.
1Oml

100m1



ReaSents:

a)

I

2

3

4

5

0.02N Yersenate solution: Dissolve 2 gm of EDTA @thylene diamine
tetra acetate di sodium sal| in 500m1 distilled water. Add approximately 50
mgm of MgCl2.6HrO to the solution and dilute to lL.

Stan&rd Calcium solution: Weigh 0.5005 gm portion of dried AR CaCO3

and dissolve in 10ml of approximately 3N HCl. Boil the solution to expel
the CO, and dilute to lL. The solution is 0.01N with resp€ct !o Ca.

Sodium hydroxide 10% solution: Dissolve 10gm of reagent grade NaOH
in 100m1 distilled water.

Murexide indicator: Thoroughly mix 0.1 gm of Murexide indicator with
20 gm of powdered potassium sulphate.

4(a) [Calcon indicator: Dissolve 20mg of Calcon in 50ml methanol. Prepare a
fresh solution weeklyl.

Eriochrome Black T indicator (EBT): Dissolve 0.5 gm of Eriochrome
Black T indicator with 4.5 gm of NHTOH.HCI (hydroxylamine
hydrochloride) in 100m1 of methanol.

Potassium cyanide solution: Dissolve I gm of KCN in 100m1 of distilled
water.

Triethanolamine, Reagent Grade (TEA).

Titrate three distilled water blanks with every standardization.

t
9

Standardization of Versenate:
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Ammonium chloride ammonium hydroxide bufTer solution: Dissolve
67.5 gm of NII.CI in 200 ml of distilled water and add 570 ml of
concentrated ammonium hydroxide and dilute to lL.

Potassium ferrocynide solulion: Dissolve 4gm of K.Fe(CN)6.3H2O in
100m1 of distilled water.

With Eriochrome Black T: Pipette l0ml aliquot of Ca standard solution in three
porcelain basins and dilute with about 50 ml of distilled water. Add to it l0 ml of
NI{OH - M{4Cl buffer solution, 10 drops each of KCN, TEA, I(Fe(CN)o and 4

drops of EBT indicator. Titnte the solution with versenate !o a permanent blue
colour.

6.

7.



b)

If the end point is difficult to obain because of the presence of phosphate, io a
new sample add l0 drops each of KCN & TEA and a known excess of EDTA.
Slowly add Sml 10% NaoH stirring continuously to bring the f up to 12. Then
heat the solution to near boiling for several minutes, cool and add Murexide
indicator and titrate with standard Ca solution from purple to red colou.

Take 5ml aliquot of the plant extract solution (A) or (B) or (C) in a porcelain
crucible and dilute !o about 30 ml with distilled water. Add 10 drops each of
KCI.INH:O-IIHC]and TEA and enough of l0% NaOH to raise the f tD 12

[10m] for solution (A) and 5ml for solution @) or (C)]. Add about 50mg of
Murexide indicator and titrate the solution with (EDTA) verenate solution from
red !o violet colour.

If the end point is difficult to obtain due to the presence of phosphate, take a new
aliquot and add l0 drops each of KCN & TEA followed by a known excess of
versenate. Slowly bring the pH to 12 with l0% NaOH. Then heat the solution to
near boiling for several minutes to sp€ed up the reaction. When the solution has

cooled, add Murexide indicator and titrate with standard Ca solution from purple
to red. [If Calcon indicator is being used in the versenate titration, the colour
change is from red !o blue.I

(s-B)N
Calculation: Ca meq/ 100gms = x

w

Ca%:Camq%x

Where

1000

W = Wt of oven dry sample.
S = Vol. of Versenate used for sample titration

= dilution factor.
Normality of EDTA (Murexide Indicator)

50
--x
5

100

20

B=
50/5
N=

' Blank

a2

With Murexide indicator: Pipette l0ml aliquot of Ca standard solution in tfuee
porcelain basins and dilute with about 50 ml of distilled water. Add !o it 5 ml of
10% NaOH solution, l0 drops each of KCN, TEA and about 50 mg of Murexide
indicator. Stir the solution to dissolve the indicator and titrate the solution from
the red to purple colour. When close to end point, the versenate should be added
at the rate of about two drops every 5 or l0 seconds, as the colour change is not
instantaneous. [f calcon indicator is used, titrate the solution from red to blue
with the EDTA (versenatQ solutionl.

(a) CalciumDetermination:



(b) Calcium Ptus Magnesium Determination:

Take 5ml aliquot of the solution (A), (B) or (C) in a porcelain crucible and dilute to about
30m1, with distilled water. Add enough of M{CI-NI{OH buffer solurion Il5ml for
solution (A) and l0ml for solution (B) & (C)l and l0 drops each of KCN,I(Fe(CN).,
TEA and 4 drops of EBT indicator. Titrate the solution with versenate, stirring, to a
Permanent blue colour.

Calculation: (Ca * Ms)meo/ 100sm =

W = Wt of oven dry sample.
S = Volume of Versenate used for sample titration.

(s-B)N
--------------- x
w

50
--x
5

100

Blank
dilution factor.

ormality of EDTA @BT indicator).

Mg meq/100gm = (Ca+Mg) meq/100gm - Ca meq/l00gm

Me% : Mgmeq/lO0gmx 1211000.1

6. Total Phosphorus

Yanadomolvbdophmphoric Yellow Method

PrinciDle:

Apparatus:

l. Spectrophotometer
2. Volumetric flask 50ml
3. Pipette srnl.

B='
50/5 =
N=N

Where

The exact nature of the yellow chromogen of the vanadomolyMo- phosphoric system is
not known, but the colour is attributed to substitution of oxyvanadium and
oxymolybdenum radicals for the oxygen of POn to give a heteropoly compound that is
chromogenic. This method is very simple and good for samples having high phosphorus
content. Besides simplicity, it has greater tolerance to the interfering elements than any
other methods. The acid concentration in the determination is not so critical however,
final concentration of 0.3N to 0.8N acidity is recommended. The sensitivity varies almost
l0 fold between the wavelengths 400 and 490 mu with the higher sensitivity at the lower
wavelength. Therefore, for the determination of yellow colour of P, the 420 mu
wavelength is recommended.
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Ammonium molybdats'vanadate solution: Dissolve 25gm of ammonium
molyMate t$tl)"uorOr.+Hr0l in 400m1 of distilled water. Dissolve
l.25gm of ammonium metavanadate (NlLVq) in 300m1 of boiling distilled
water. Cool and add to it 250m1 of conc. HNOr. Cool and mix the two
solutions and dilute to lL with distilled water.

Standard P. Solution: Dilute 100 ml of 50 ppm stock P solution to 250
nrl. (Olsen's-Bicarbonate method) - 20ppm.

Procedurr: (Dry ash extract):

Take 5ml aliquot (0.O5 to 1.0 ppm P) of extract solution @) in 50ml volumetric flask and

dilute !o 35m1. Add l0 ml of vanadomolybdate reagent and dilute to 50 ml with distilled
water and mix. Measure the yellow colour after 20 minutes at 420 mu. and compare with
that of the phosphorus standards.

Prepare a standard curve by taking 0,2,4,6,8,10,12 and 15 ml of 20 ppm P standard in
50ml volumetric flask and dilute to 35ml and mix. Add 10ml of vanadomolyMate reagent

and dilute to 50ml mark. Mix and measure the yellow colour after 20 minutes at the same

wavelength as the sample.

Calculation: ppm P in plant tissue =
ppm P in solution

---------- x l0
w

where: W : Oven dry wt of plant sample

and 5ml diquot is taken from 50ml dry ashing
extract' 

loo
% P in Plant tissue = ppm P in plant tissue x

1tr
Procedurt:fWet digestion extract):

2
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Resgents:

l.

Pipette l0ml aliquot of the wet digestion extract (A) or 5 ml of acid peroxide extnct (C)

in l00ml beaker and evaporate to dryness. Dissolve the residue in 5ml of 2N I{NQ,
warming if necessary. Transfer it to 25ml volumetric flask with distilled water and meke

up the volume. Take 10ml aliquot of this diluted solution in the 50ml volumetric flask and

proceed to determine phosphorus by vanadomolybdate phosphoric yellow method as in
dry ashing extract.



Calculation:
ppm P in solution

ppm P in plant tissue --- x 25 for (A)
w
ppm p in Solution

or ------------ x 12.5 for(C)
w

where,

7. Total Zinc:

1. Atomic Absorption Spectrometer (AAS)
2. Zinc Hollow Cathode Iamp.
3. Acetylene gas in cylinder
4. Volumetric flask
5. Pipettes
6. Glass cups 5ml or beakers 25m1.

Reagents:

1. Standard Zn solution:

Procedure:

W = Oven dry wt of plant sample and 10ml of (A) or 5 ml of (C)
extract is being used to control the acidity & diluted o 25ml
volume, out of which 10ml aliquot is taken for colour
development.

100

% P in the plant tissue:ppm P in plant tissue x
Itr

a) Dissolve exactly 0.4399gm AR ZnSO..TH2O in glass double distilled
water, add 25ml lN HCI and dilute to lL in volumetric flask. - lO0ppm

Zn.

2) Glass Double Distilled Water or Deionized Distilled Water (DDW).

Placn Zinc Hollow Cathode Lamp in the working lamp turret of AAS and let it warm for
specified period as per the instruction of the manufacturer. Light the bumer using air and

acetylene gas, adjust the slit, wavelength and bumer height as specified by manufacturer

for Zn determination. kt it warm for 5 minutes and standardize AAS using 0 and 2 ppm

Zn standards. Run series of Zn stardards, note the absorbance and draw graph-
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Apparatus:

b)Working standard solution are prepared by hrst diluting 50ml of l0oppm
Zn to 250m1 to make 20ppm Zn, then further dilution of 0,2.5,5,10,15 and

25ml of this diluted (20ppm Zn) to 250 ml with 0.lN HNQ or other acid

as in sample.



Aspirate the plant digestion extract (A), (B)or(C), note the absorbance reading and
determine zinc in solution from the graph.

Calculation:

100

%Zincnplant = Rxl00x for the digestion extract-A.
lff

r00
R x 50 x for the digestion extract-B & C.

1d

where, R = ppm zinc in the extract from the graph.

t. Total Copper:

1. Atomic Absorption Spectrometer (AAS)
2. Copper Hollow Cathode lamp.
3. Acetylene gas in cylinder
4. Volumetric flask
5. Pipettes
6. Glass cups 5ml or beaters 50m1.

Reagents:

1. Standard Cu solution:

a) Dissolve exactly 0.3929gm AR CuSO..5H2O in 500m1 glass double
distilled water, add 20ml lN H2SO. and dilute to lL in volumetric flask. -
l0oppm Cu.

b) Working Cu sandards are prepared by frst diluting 50ml of lOOppm Cu
to 250m1 to make 2Qpm Cu and then 0,2.5,5,10, 15 and 25ml of this
diluted (20ppm Cu) to 250 ml with 0.lN HrSOn or HNO, depending upon
the acid system of sample to give 0,0.2,0.4,0.8,1.2 and 2.0 ppm Cu.

2) Glass Double Distilled Water or Deioniz,ed Distilled Water (DDW).

Procedure:

Place Copper Hollow Cathode lamp in the working lamp turret of AAS and let it warm
for specified period as per the instruction of the manufacturer. Light the bumer using air
and acetylene gas; adjust the slit, wavelength and bumer height as specified by
manufacturer for Cu determination. Iet it warm for 5 minutes and adjust the full rale
deflection of AAS using 0 and 2 ppm Cu standards. Run series of Cu standards, note lhe
absorbance reading of AAS and draw graph.
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Aspirate the plant digestion extract (AXB)or(C) after proper dilution, note the absorbance
reading and determine Cu in the solution from the graph.

Calculation:

% Cu in plant =
Rx1OOx100
----------------- for the digestion extnct A
1ff

% Cu in plant :
Rx5Orl00

, for the digestion extract-B and C.
1ff

where, R = ppm Cu in the extract from the graph.

9. Totgl lr'on:

1. Aomic Absorption Spectometer (AAS)
2. Iron llollow Cathode Lamp.
3. Acetylene gas in cylinder
4, Volumetric flask
5. Pipettes
6. Glass cups 5ml or beakers.

Reagents:

1. Standard Fe solution:

a) Dissolve exactly 0.7023gm AR Fe(NH.)r(SO1)2.6H2O in 500ml double
distilled water @DW), add 20ml lN HrSO.. Oxidise it by adding 25il l%
KMnOn slowly and then dropwise till the pink colour just stays. Di-lute to
exactly lL with DD water. . looppm Fe.

b) Working Fe standards are prepared by diluting 0,5,10,15,20 and 25ml
of lO0ppm Fe to 100m1 with 0.1N H,SOI,HNO3 or HCI depanding upon

the acid system of sample to give 0,5,10,15,20 & 25 ppm Fe.

Procedure:

Place Fe Hollow Cathode lamp in the working lamp turret of AAS and let it warm for
specifred period as per the instruction of the manufacturer. Light the burner using air and

acetylene gas; adjust the slit, wavelength and burner height as specified by the

manufacturer. Irt it warm for 5 minutes and standardize AAS using 0 and 25ppm Fe

standards. Run series of Fe standards, note the absorbance reading of AAS and draw
graph.

Aspirate the plant digestion extract (AXB)or(C) after proper di-lution, note the absorbance

reading and determine Fe in the solution from the graph.
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Calculation:
Rxl00x100

% Fe in plant for the digestion extract-A.
1ff

Rx5Ox100
------------------ for the digestion extract-B and C.
lff

where, R = ppm Fe in the digestion extract ftom the graph.

10. Total Manganese:

l. Atomic Absorption Spectrometer (AAS)
2. Manganese Hollow Cathode Iamp.
3. Acetylene gas in cylinder
4. Volumetric flask
5. Pipettes
6. Small beakers or glass cups.

Reagents:

1. Standard Mn solution:

a) Dissolve exactJy 0.28779m potassium permanganate in 500m1 double
distilled water, add 25ml lN HrSO4, boil for few minutes and carefully
add l.2gm sodium sulphate crystal (Na,SQ.7H2O). Boil again to rcmove
SO2, cool and make up the volume to ll.-lOoppm Mn.

b) Working Mn sandards are prepared by diluting 0,5, 10,15,20 and 25ml
of l0oppm Mn solution to l00ml with 0.lN HTSO.,HNO, or HCl
depending upon the acid system of sample to give 0,5,10,15,20 & 25 ppm
Mn.

Aspirate the plant digestion extract (A)@)or(C) after proper dilution, note the absorbance
reading and determine Mn in the solution from the graph.

;-
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Procedure:

Place Mn Hollow Cathode lamp in the working lamp turet of AAS and let it warm for
specified period as per the instruction of the manufacturer. Light the burner using air and
acetylene gas; adjust the slit, wavelength and bumer height as recommended by the
manufacturer for Mn determination. I-et it warm for 5 minutes and standardize AAS
using 0 and 25ppm Mn standards. Run series of Mn standards, note the absorbance
reading of AAS and draw graph.



Calculation:
Rx100xl00

% Mn in plant for the digestion extract-A.
Itr

Rx5Oxl00
for the digestion extract-B and C.

1ff

where, R - ppm Mn in the extract from the graph.

11. Total Boron:

Princiole

The nutrient boron is not very mobile in the plants. Its content varies according to the
plant parts. Therefore care should be taken in syst€matic sampling of plant parts for
boron analysis.

The Azomethine-H method described here was develo@ by Savina et al and used by
Derek Plaskett, Murdoch University, Western Australia.

Apparatus:

(l)
(2)
(3)
(4)
(5)
(6)

Muffle furnace
Electric hot plate having low temperature control
Cantrifuge
Polystyrene vial or tube
Eppenderf syringe
Colorimeter

Buffer-masking Reagent: Dissolve 280 gm NHoOAC+20gm
KOAC+20gm tetra sodium salt of EDTA and 8gm nitrilo triacetic acid in
400 mI of deionised distilled water. After dissolving completely, add slowly
125 ml of concentrated HOAC and dilute to 2 litre. l€t it stand ovemight
and filter through Whatman No.l filter paper.

Deionized Distilled Water
1N Hydrochloric Acid: Dilute 97 ml of concentrated hydrochloric acid to
I litre.

Reasents

(1)

{2)
(3)
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(4)

(o

Procedure:

(l)

(2)

(s)

Azomethine'Il Reagent: Dissolve 0.8 gm of fresh azomethine-H (Merk)
and 2 gm ascorbic acid in 60 ml DD Water and dilute to 100 ml. Prepare
it at least 24 hours before using and store in polypropylene bottle wrap@
in Al foil and place in refrigerator. This reagent is usable for 14 days.

Mixed Reagent: Mix two paru (by volume) of the buffer masking reagent
with one part of the Azomethine-H reagent. This must be used within 4
hrs.

Standard boron solution (Ifl) ppm): Dissolve 0.5716 gm AR boric acid
in 1 litre DD Water- lOoppm B. This solution is used to prepare a series of
working B standards in N HCI (0.,1,2,3,4,5 ml of 100 ppm B standard
solution diluted to 100 ml will give 0,1,2,3,4 and 5 ppm B).

Drying Ashing: Weigh 0.300 gm of oven dried and ground plant tissue
material into a tall crucible and place in a cool muffle fumace. Ash it at
50dC for 8 hours and cool. Include blanks with each barch of
sample.

Cool the crucible and rinse the walls down with 2 ml l:l HCl. Adjust the
temperature of the hot plate to 5dC and heat gently for approximately 30
minutes. Cool and transfer the solution from the crucible to lOml graduated
polystyrene vial with small wash of distilled water. Dilute to 10 ml and
shake well. Allow the precipitate to settle by standing overnight or
centrifuge at 250G3000 rpm for 4 minutes.

Colour Development: Pipette I ml of extracted solution into a vial. Add 3
ml of the mixed reagent in a suong jet with an Eppenderf syringe to mix
well with sample. Stand for I hour and determine the colorimetric reading
at 420 mu. Compare the reading with the B standard readings prepared at
the same time.

Prrcaution: All the plastic container are cleaned with distilled water, left
in 20% cnnc HCI overnight, rinsed with distilled water and air dried.

%B
100 w

where R = ppm B in solution from standard curve
W = oven dry wt. of plant sample

R
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Calculation:

t2.

R
ppm B in plant =

2

where, R = ppm B in I ml of solution tested.

Total Molybdenum:

Principle:

For the determination of Mo in plant tissue sample, the Organic matter has to be oxidised

and the mineral Mo should be released. This may be done by either of the methods

described under Plant Tissue extract or by fusion with Na2CO3. However, the solution

should contain no actively oxidising acids, such as HNQ or HCIO. or HrO, and if
pres€nt they are removed by evaporation.

The Mo ion in the solution obtained is reduced by SnCl, in the presence of thiocyanate to

develop an amber-orange coloured complex between the thiocyanate ion and 5-valent Mo;

the coflcentration of which is increased by the use of organic solvent,

During the complex formation, the acidity should be maintained near normal and the

thiocyanate concentration should be at least 0.5 percent. Although the concentration of
SnCl, can be variable, a final concentration of l-2 percent is recommended. The presence

of at least lmg of Fe ensures full colour development and there is no adverse effect from

large amounts. The SnC! reduces ferric ion and presents the formation of red ferric

thiocyanate.

1)

2)
Spectrophotometer, having I cm dia,rreter tube.

Separating funnel, 50m1, preferably with plastic stopcock and having short

exit tube for easy drying (Squibb type).

Hot plate.
Beaker.
Bulb pipettes 1,2,5 & l0 ml.

Stands for separating funnels.
Whatman filter paPer No.40, 7cm.

Funnel 30mm.

Glass double distilled water or deionised distilled water (DDW)

3)
4)
5)
6)
1)
8)

Reagents:
1)

2)

3)

Hydrochloric acid 5N: Dilute 435m1 of concentrated HCI !o lL.

Ferrous ammonium sutphate, approximately 0.01N: Dissolve 4gm

Fe(NH.)rSO..6HrO in 800m1 DD Water, add 15ml of lN H,SO. and make

up the volume to lL.
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Apparatus:



Potassium thiocyanate, 30% : Dissolve 30gm potassium thiocyanate (or
sodium thiocyanate) in l00ml DDW.

Stannous chloride, 30% ia lN HCI: Add 30gm SnCl.2HrO to 20ml5N
HCI and dilute !o 100m1. Filter if turbid ard store in the refrigerator.

Organic solvent: Mix equal volume of CCl. and iso-amyl alcohol.

Stantlard Mo solution:

a)Dissolve exactly 0.759m molybdenum trioxide, MoOr, in 5ml of 2.5N
sodium hydroxide, dilute to about 300m1 and just acidify with about lml of
5N HCl. Finally dilute to lL.- l000ppm Mo solution.

b)Working Mo standard, 10ppm: Dilute 5ml of 1000ppm Mo solution to
500m1.

Procedure:

Pip€tte an aliquot of 10ml from the plant extract (A) or 5ml from the plant exmct (B) or
(C) in 100m1 beaker and evaporate to dryness. Dissolve the residue in 5ml of 5N HCI and

transfer the solution to a 50ml separating funnel, bringing the volume to 2U2l ml. The
liquid may be fittered through a small filter paper into the separating funnel, washing the
paper well, although, slight turbidity is not harmful. Then add 2ml ferrous ammonium
sulphate solution to the solution in the separating funnel. Prepare a blank ( in addition to
the blank on the digestion process) and standards by transferring 0,1,2,3,4 and 5 ml of
working Mo standard (10ppm) to six separatory funnels,adding 5ml of 5N HCI and 2ml
of ferrous ammonium sulphate to each and making the final volume to 22-23 nld.

Add 2-3 ml organic solvent and shake well for two minutes to saturate the aqueous phase.

A preliminary treatment of solution with organic solvent is to prevent any volume chatge
of organic phase when thiocyanate.Mo complex is finally extracted quantitatively. Allow
the phases to separate, apping the funnel or swirling the liquid to produce a clean

boundary line; then run off the lower (organic) phase,

Add I rnl of 30% potassium thiocyanate solution to the aqueous phase, mix,add lml of
30% stannous chloride solution and mix again. Then add exactly 5ml of organic solvent

and shake well for two minutes. Invert the funnel on a stand so that the stoPcock is

uppermost, dry exit tube and stopcock bore with absorbent paper or suction. After 15

minutes, shake the liquids again quickly and allow them to separate once more, with the

funnel in the normal position. Make sure the exit tube is still dry and then run off the

coloured organic phase into a suitable spectrophotometer tube or cell.

Read the absorbence of standards as well as samples at 470 mu wavelength, as compared

with the blank containing no molybdenum.

4)

5)

o

7\
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Calculation:

% lvlo :

where,

(R-B)x100x100 (R-B)

Iffx10 1000

R : ppm Mo in the plant from the graph.
B = ppm Mo in the blank (plant digestion) from the graph.
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Teble 6.1

Critical micronutrient concentration for corr. soybean.whest snd alfalfa for
diagnostic interpretations of total glant snalysis.

Micrenutrient Cornr
mg kg-t

Soybeant'
mg kg-t

Wheat *
mg kg-'

Alfalfa * +
mg kg-r

B
Cu
Fe
Mn
Mo
Zn

l0
5

25
15

0.2
15

25
5

30
20
0.5
15

l5
5

25
30
0.3
15

30
7
30
25
0.5
l5

* L€af at or opposite and below ear level at tasselling.
+r Youngest mature leaves and petiotes after first pod formation.

+ whole plant at the boot stage.

+ + Upper stem cuttings in eady flower stage.
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Appendix I

Function of essential elements in plants (for more detail see EBstein (1972) and
Mensel and Kirkbv (19E2)

con ue. .

Elements Physioloqical
Dnocess

Activator of
enzlme

Constituent of metabolite

Nitrogen

Phosphorus

Potassium

Sulphur

Calcium

Magnesium

Chlorine

Copper

Zinc

Energy transfer,
membrane integrity

Translocation, stomatal
opening

Protein synthesis and
function, structure

Membrane
maintenance

CO, assimilation

Maintenance electrical
neutrality, intemal
turgor

Lignin synthesis

Auxin metabolism,
nucleotide synthesis

+

+

+

+

Amino acids. proteins,
nucleotides, chlorophyll

ATP, nucleotides,
phospholipids

Amino acids, crenzymes,
proteins

Calcium pectates

Chlorophyll

Ascorbic acid
oxidase,
phenolases,
plasto-cyanin

Dehydrogenases
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Elements Phvsioloeical
Drocess

Activator of
enzwne

Constituent of
metabolite

Manganese

Iron

Boron

Molybdenum

Oxidation-reduction
in electron
transport

Electron transport

Nucleotide
synthesis,
assimilate
translocation

Nitrogen fixation,
nitrate reduction

+

Iron porphyrins
(eaves),
ferrodorin

Nitrogenase,
nitrate reductase
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Mobile Variably mobile Immobile

Nitrogen
Phosphorus
Potassium
Magnesium

Sulphur
Copper
Zinc
MolyMenum

Calcium
Manganese
Boron
Iron

Appendix 2.

Mobilitv of nutrients within plants
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Appendix 3.
General descriotion of svmptoms of nutrient deficiencies.

Nutrient S!'motous

Nifiogen

Phosphorus

Potassium

Calcium

Magnesium

Sulphur

Copper

Zinc

Manganese

Boron

Molybdenum

Iron

Chlorosis of whole plant often with reddening. Older leaves usually affected

first.

Dark green foliage, reddening or purpling of leaves or petioles (similar to
cold effects).

Growing point dies. In fruit crops, disorders of fruits (e.g. biuer pit in pome

fruit, blossom+nd rot in tomato and pepper). In leaf crops, disorden such as

tip burn,

Marginal or interveinal chlorosis often quite strongly coloured. Green area of
leaf may form an 'arrowhead' in woody plants. Strong reddening may border

the chlorotic zone. Usually on older tisue first.

Chlorosis of the whole plant, often younger leaves affected first

Death of young leaves, chlorosis, failure of fertilization and fruit ser (S-

shaped shoot growth and fruit gumming in citrus).

Little leaf, rosetting,chlorotic mottle in less sevae cases.

Interveinal chlorosis; when severe, necrotic spots or streaks may form. Often

occurs first on middle leaves.

lnterveinal chlorosis which in severe ques may mean total bleaching of young

foliage followed by necrosis. Occurs first on young leaves.

Death of growing points. Axillary buds may bunt giving a wirches broom

effect. Some species (e.g.grape) may show leaf distortion characteristic of
impaired metabolism of auxin. Fruit may be distorted or show woody pits or
cracking of the surface. Petiole cracking in celery and hollowness in some

root vegetable species.

In legumes, general paleness. In nonlegumes, mottled pale appearance,

marginal bum of mature leaves (rock melon, maize, sunflower). whiptail in
cauliflower.

I

98

Older leaves may show necrotic spots or marginal burn: younger leaves may

develop red pigmentation or become interveinally chloritic and show a shiny

surface.



I

* Caution:

Appendix 4.

General descriotion of symotoms of nutrient toxicities.

Symptom expression varies from crop to crop.It is important to check the
specilic symptoms described for a particular crop-see reference list in
Appendir l.

Svmptoms .
Nitrate-niEogen

Ammonium-
nitrogen

Phosphorus

Sodium

Chlorine

Manganese

Aluminium

Boron

Fluorine

Edge burn may be followed by interveinal collapse.

Initial necrosis, blackening around tips and edge of leaves.Root
death may occur.

Inteneinal chlorosis in younger leaves (may resemble iron
deficiency), necrosis and tip die back may follow in susceptible
species. Marginal scorch and shedding of older leaves.

Marginal chlorosis and burn.

Bronzing,chlorosis, marginal burn; leaf drop may be premature.
ln some species the marginal bum is accompanied by upward
cupping.

Ydlowing, beginning at the leaf edge of older leaves, sometimes
with upward cupping. Interveinal bronze-yellow chlorosis in
beans; orange-yellow marginal and interveind chlorosis in lemons;
brown 'tar spots' in orange leaves; necrosis in apple bark.

Symptoms on shoots may resemble those of phosphorus

deficiency. Roots frequently stunted with many short laterals.

Interveinal necrosis (often spotty at fusQ

Scorching of leaf tip and margin, extending into interveinal areas.

99

Nutrient
I

.t



l. Black, C.A. et. al (ed) 1965

2. Black, C.A. et al (d) 1965

3. Bray, R.H.,L.T. Kurtz, 1945

4. Dewis, I and F. Freitos, 1970

5. Iackson, M.L. 1958

6. knle, N.A. (d). 196l
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l. Plant nutrition conversion

Phosphorus (P)x 2.29
Potassium (K)x 1.20
ppmxl
ppmxl
ppmxl

Ca me/lO0gm x 0.02
Ca me/100gm x 200
Mg me/lO0gm x 0.012
Mg mer'l0Ogm x 120

K me/l0Ogm x 0.039
K me/l00gm x 390
Nitrog$ % x 6.25
Totalnitrogen%x20
Nitrogen Kgllln x 224fi
Organic Matter x 0.58

2. Yield

lblac x l.l2
Hundred weight/ac x 1.12

bu/ac x 0.87

3. Irngth

Mile x 1.609
Yard x 0.914
inch x 2.54

4. Area

Square mile x 2.59
Acre x 0.0O405
Acre x 0.405

5. Volume

Square mile x 2.59
Cubic foot x 0.2832
Bushel x 0.352
Bushel x 35.24

Quart x 0.946

mglL

Table

%C^
Ca

%Me
Mg

%Ca
K

protein %

Oraganic matter %
%

Carbon

Kilometre
Kilometre

Kilometre

1



I

6. Mass

Ton @nglish) x 0.907
Hundred weight x 0.454
Pound x 0.454
Ounce x 28.35

7. Pressure

lb/sq in x 0.06895
Atmosphere x 1.013
Atmosphere x 1.033
lb/sq in x 0.0703
lb/sq in x 0.06805

: Metric ton

= Quinral
= Kilogram
: gram

= Bar

= Bar
= Kg/Sq cm
: Kg/sq cm

= Atmosphere.
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International Atomic Weights

ELEMENTS SYM.
BOL

ATOMrc
NUMBB,

t9
l3
95
5l
It
33
t5
J6
97
1
$
5

35
,lt
m
9t
5
5t
55
t7
u
21

29
96
6
99
6t
63

lm
9
t1
61
3l
t2
19

67
I
49
5X

n
26

t6
51

t2
3
7t
t2
x
l0l

ATOMIC ELEMENTS
WErcHT

SYM-
BOL

ATOMIC
NUMBEN.

ATOMIC
WEICH'I'

Actinium Ac
Alumirxrm Al
ArEricium Ars
A,,itrsry Sb

Artoo A,
Ar*aic A.
Ar.riac Ar
Brrium Ba

B..trliu6 Bt
Bcryllium Bc

Ilir,rlri[ Ili
Eoroo a
BromirE B.
Gdmium Cd
Crlcium C.
Crlifomi Cf
crrbon C

C.dum Cc
C..iutrr Ct
Chlo.ir. Cl
ctrofiium Cr
co6.h Co
coluitbium (r.. Niobiu6)
Copp.. cll
curium Ctn
Dr?.o.i Dy
Eni.i Er
Ebium E

Erro?iud Eu

Fcflniu.o Fm
Fhroridr. F
Fra.ftiudr Fr
6doli Cn
G.lliudr Oa

G.rEl.oiuo Gc
e,ou Au
H.frium Hf
llcliuo Hc
Holmiub Ho
Byd.o8€a H
lodiun! Itr
lodi!. I
Iridium k
lroo Fc
Kryptoo Kt
l-rdhrdrm h
L..d Pb

Lithium U
Lrr.tium ttr
M.t*rium Ma
Mm8toc& Mtr
Mcrdclcviod Md

M..cu.y
Moly6dcrrrm
Ncodrmiurn
N.oo
N.?nraiuo
Nhkcl
Ni($ium

(colufibium)
NiGogco
No6clium
Osniu6
Oxytc!
Prll.dium
Itorpionl.
PLtidro
Plutooiutr
Nodum
PoaaraiuE
Pnroodymiuo
horElhiuo
Prarctinium
Rdiuo
Rrdd
RlrcriuD
Rhodiutr
nubidiuo
nulhcniuo
Sadrarium
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