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SOIL ANALYSIS- PHYSICAL

Preparation of Soil Samples

The soil sample arrived at the laboratory should first be labeled with the laboratory
number on the laboratory register book. The sample container usually a plastic bag should
also be marked with same number. The soil sample is then spread on tray, the stones
and undecomposed organic material are discarded and large aggregates are broken.
Labelled tag should be with the sample and the plastic bag underneath the tray to ensure
the identification of sample after drying. Sample tray is left in the room or shade to air dry
the soil.

Soil Moisture (Gravimetric method)

Principle

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

Apparatus

1. Oven with means for controlling temperature to 100-110°C.
2. Dessicator ( Mg- perchlorate or calcium sulphate)

3. Spatula

4. Aluminium can with lid or weighing bottle

5. Balance, (Analytical)

Procedure:

Weigh about 100 gm. of soil in dry, cool aluminum can or weighing bottle with lid. Place
it with lid half open in the oven. Adjust the temperature of the oven at 105°C and heat it
overnight at constant temperature. Let it cool in desiccator with lid slightly open for an
hour and weigh in analytical balance. Heat it again in the oven at 105°C for 2 hr. Cool in the
desiccator for an hour and weigh as before. Repeat the heating, cooling and weighing till
the weight is constant.
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Calculation:

Hygroscopic moisture%= weight of fresh soil-oven dry wt of soil y 100

oven dry wt of soil

Particle Size Distribution ( Mechanical Analysis)

Principle

Mechanical analysis separate the inorganic mineral portion of soil into classified grades
according to particle size and determine their relative proportions by weight. In full
anlaysis, the whole sample of soil and gravel would be examined, but in the procedures
given below only material less than 2 mm diameter is considered. Two main systems
of classification of the particle size, namely USDA system and International system are
common, out of which USDA system procedure is described here.

United States Department of Agriculture (USDA) System.

Classification Particle Size (mm)
Very coarse sand 2-1.0

Coarse sand 1-0.5

Medium sand 0.5-0.25

Fine sand 0.25-0.10

Very fine sand 0.10-0.05

Silt 0.05-0.002

Clay <0.002

For routine analysis Hydrometer method is convenient, rapid and accurate enough. In
this method, soil samples, after treating with dispersing agent is allowed to settle freely.
According to Stroke's law, settling rate for the soil particle is proportional to the square
of the diameter of particles at a particular temperature, at a particular place. Therefore,
special soil hydrometer, calibrated to read the percent of solid gives silt and clay in 40
sec. reading and clay 2 hrs**!. Organic matter, calcium carbonate and soluble salt, if
present in appreciable amount, should be removed by treating with hydrogen peroxide
and hydrochloric acid before dispersing soil for analysis.

Apparatus

1. Soil hydrometer ASTM graduated (-5 to 60)
2. Hydrometer jar

3. Mechanical stirrer

4. Dispersion cup
"Modified from S.B.Pradhan, 1996 by the Technical Session of world soil day on 2017.
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5. Beaker 250 ml
6. Pipette, 10 ml

Reagents:
1. Sodium Hexametaphosphate: Dissolve 101 gm. of Sodium Hexametaphosphate in 1L
water.

Procedure:

Weigh 50 gm**? of soil in a 250 ml beaker and add sufficient water to cover the soil. Then
add 10 mI**3of sodium hexametaphosphate solution, stir well with a glass rod and leave
overnight. Transfer it in a dispersion cup and add sufficient water to fill two- third of the
cup. Stir for 10 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 keep it in the table and note the time immediately. Inmerse the hydrometer
in the jar and read it at 40 sec and 2 hours***,

(Once in the table it should not be disturbed throughout the experiment). Note the
temperature of the suspension at the time of taking hydrometer readings. Correct
the hydrometer reading by subtracting 0.3 for every °C below 20°C or by adding if the
temperature is above 20°C.

Calculation

(Silt + Clay)%= {Hydrometer reading at 40 sec + 0.3x (t-20)°C}x2
Clay %={Reading at 2 hr. + 0.3x (t-20)°C}x2

Sand%-= 100-(Clay + Silt)%

Silt% = (Clay + Silt)%-Clay%

Determine the texture from the triangular chart.

2 Modified from S.B.Pradhan, 1996 by the Technical Session of world soil day on 2017.
3 Modified from S.B.Pradhan, 1996 by the Technical Session of world soil day on 2017.

*Modified from S.B.Pradhan, 1996 by the Technical Session of world soil day on 2017.
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SOIL ANALYSIS-CHEMICAL

pH DETERMINATION

Principle

The pH value of the solution surrounding soil particles in the natural state fluctuates
because of changing soil-solution relationship brought about by climate, cultivation, crop
growth and other factors. A sample of soil may have a particular pH value at the time it is
taken in the field but this change in the sample as itis dried and prepared for analysis. In
the laboratory, the soil is subjected to re-wetting processes with water and with certain
salt solution to establish the probable range of pH values it would have in its natural state.

A measured quantity of soil is shaken with a convenient volume of water of salt solution
under consistent conditions and the pH of the suspension is determined electronically on
a direct- reading pH meter, using a glass electrode with a saturated potassium chloride-
calomelreference electrode. Almost any soil: water ration and conditions can be employed
but some ratios have been found suitable for this work and the pH values so obtained can
be utilized for useful interpretation. For this 1:2.5 soil: water**® is being used in most of the
laboratories.

Standard Buffer:

1. pH 4.0: Dry potassium biphthalate (KHC,H,0,) for 2 hours at 105°C and dissolve 10.21
gm. of it in hot distilled water and dilute the solution to 1 L with distilled water. As a
preservative, add 1.0 ml of chloroform of toluene. This solution has a pH value of 4.0 at
temperature from 15-300C.

2. pH6.86: Dry the two salts KH,PO, and Na,HPO, for 2 hr. at 105°Cand dissolve 3.44 gm.of
KH,PO, and 3.55 gm. of Na,HPO, in distilled water and dilute to 1 L. As a preservative
add 1.0 ml of chloroform or toluene. This solution has pH 6.90 at 15°C, 6.88 at 20°C and

6.85 at 30°C.

Apparatus:

1. pH meter

2. Beaker 50 ml

3. Mechanical stirrer
4. Glassrod

SModified from S.B.Pradhan, 1996 by the Technical Session of world soil day on 2017.
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Procedure:

Weigh 10 gm**® of air dried soil samples (<2 mm) in 50 ml beaker and add 25 mI**7 of
distilled water. Shake for about 1 minute in a mechanical stirrer and leave for about an
hour. The pHmeter is calibrated by using standard buffer solution of pH 4.0 and 6.86. The
pH of soil water suspension is then measured with the calibrated pH meter. For the peat
and muck soil, volume of water may be increased

Table: Rating of soil according to pH

Soil Reaction (pH) pH range
extremely acidic <4.5
very strongly acidic 4.5-5.0
strongly acidic 5.0-5.5
moderately acidic 5.5-6.0
slightly acidic 6.0-6.5
nearly neutral 6.6-7.5
slightly alkaline 7.5-8.0
moderately alkaline 8.0-8.5
strongly alkaline 8.5-9.0
very strongly alkaline 9.5-10.0
extremely alkaline >10.0

ORGANIC MATTER DETERMINATION (WALKLEY- BLACK METHOD)
Principle

Oxidizable organic matter in the soil is oxidized by chromic acid in the presence of
sulphuric acid, the reaction being facilitated by the heat of dilution when 2 volumes of
concentrated H,SO, are mixed with 1 volume of 1N K.Cr,0, solution. The excess chromic
acid is determined by titration with ferrous ammonium sulphate solution and quantity of
the substance oxidized is calculated from the amount of dichromate reduced.

The highesttemperature attained by heat of dilution of sulphuric acid is about 120°C which
is sufficient to oxidize the active form of soil organic C, but not the more inert forms of C
that may be present. From the experiments, 77 percent carbon was found to be recovered
and same figure was used in calculation. Also, the organic matter is considered to contain
58 percent carbon, and therefore multiplying factor 1.72 was used to convert organic

8Modified from S.B.Pradhan, 1996 by the Technical Session of world soil day on 2017.
"Modified from S.B.Pradhan, 1996 by the Technical Session of world soil day on 2017.
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carbon to organic matter. Since no external heat is being utilized soils passing through 0.2
m sieve is taken for the analysis.

This determination is affected by the presence of easily oxidizable substance like chloride,
higher oxides of manganese and ferrous compounds. Whereas Fe*?and cl- give positive
or high value, the oxides of manganese give negative or low value. Soil samples air dried
for 1-2 days contain significant 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 reduced
oxides of Mn. Only in highly maganeferous soils, small fraction of all oxides is present in
the active state capable of competing with chromic acid.

Apparatus:

1. 50 ml. Burette

2. 10 ml. bulb pipette

3. Measuring cylinder 25 ml. or Acid Dispenser or pipette 20 ml. capacity
4. Conical flask 500 ml. capacity

Reagents for Organic Matter

1. Sodium fluoride

2. 1N Potassium Dichromate (K.,Cr,0.): Dry K.Cr,0. in the temperature of 105°C. Weight
49.04 gram of it and dissolve it in distilled water to make the volume of 1 liter.

3. 0.5 N Ferrous ammonium sulphate (FAS): Dissolve196 gm. of FAS in 800 ml of distilled
water. Add 20 ml of conc.sulphuric acid and make volume to 1 liter.

4. Ferroin indicator: Dissolve 1.5 gm. of 1-10 Phenanthroline monohydrate (C,,H,N.H.0)

12278 722

and 0.7 gm ferrous sulphate heptahydrate (FeS0,.7H,0) in 100 ml of distilled water.

Procedure

Weigh 0.5gm**® soil sample, passing through 0.2 mm sieve and add exactly 10 ml. of 1 N
K,Cr,0, solution to it, in a 500 ml. conical flask. Add 20 ml. of concentrated sulphuric acid
and mix by gentle rotation for 1 minute, to insure complete contact of the reagent with the
soil, but with care to avoid throwing up soil to the sides of the flask. The mixture is allowed
to stand for 30 minutes. A standardization blank (without soil) is run in the same way. After
half an hour, add about 200 ml of distilled water, 10 drops of ferroin indicator and about 0.2
gm. of sodium fluoride. Back titrate the solution with ferrous ammonium sulphate solution.

8Modified from S.B.Pradhan, 1996 by the Technical Session of world soil day on 2017.
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The color is dull green with chromic ion in the beginning, and then shifts to green as the
titration proceeds. At the end point the color sharply shifts to brick red. If over 8 ml of 10
ml. chromic acid has been consumed during the titration, the determination is repeated
with a small quantity of soil or by adding double or treble amount of K.Cr,0, and H,SO,.

0M%

(B-S)xNx3x100x100x100) (B-S)N 0.67
= XU.
(wt of soil(gm)x1000x77x58) (wt of soil (gm)

Where,

B=Volume of FAS used up for blank titration
S=Volume of FAS used up for sample titration
N= Normality of FAS from blank titration

Vol. of KZCrZO7 in Blank
Vol. of FAS in Blank

Normality of FAS =

Note:

i) Organic matter contains 58 percent carbon.
Recovery factor for this method is 77 percent.

i) Equivalent weight of carbon is 3.

8 « SOIL ANALYSIS BOOK



TOTAL NITROGEN

Most of the nitrogen in the soil is in organic form. Relatively small amounts ordinarily
occur in ammonium and nitrate form. Most widely used procedure for N determination is
Kjeldhal method in which organic N compounds are converted into ammonium sulphate by
digestion with concentrated H,SO,. The ammonium ions in the soil also react with acid but
nitrate and nitrate ions are lost. To include nitrate, salicylic acid and sodium thiosulphate
must be added. The digestion of the soil with sulphuric acid is facilitated by using sodium
or potassium sulphate (raises boiling point) and copper sulphate(catalyses the reaction).
The digested solution liberates the ammonium on treating with alkali, which collected in
the boric acid solution and titrated with standardized dilute acid using mixed indicator.

Apparatus:

1. Kjeldhal digestion flask — 50 ml or block digester tubes
2. N- Digestion apparatus
3. Distilling apparatus

4. Volumetric flask — 100 ml.
5. Conical flask — 125 ml.
6. Acid dispenser or measuring cylinder
7. Pipettes, - 10 and 20 ml.

8. Burette —25ml.

9. Kjeldhal flask holder

10. Asbestos Glove

Reagents

1. Digestion Mixture (Catalyst): Grind and mix 10 gm. of copper sulphate with 200 gm of
sodium sulphate.

2. Concentrated sulphuric acid — L.R.

3. Sodium hydroxide: Dissolve 400 gm of sodium hydroxide (flakes or pellets L.R.) in one
liter of distilled water and cool.

4. Mixed indicator: Dissolve 0.5 gm bromo-cresol green and 0.1 gm methyl red in 100 ml.
of 95 percent ethanol.

5. Boric acid 4%: Dissolve 40 gm. boric acid crystal ( H,BO,) in one liter distilled water.

6. 0.01N HCI: Dilute 17 ml. conc. HCI with distilled water to 2L-(A) Standardize 20 ml of
solution (A) with Na,CO, and calculate its normality. Dilute the solution (A) according
to its strength to give 0.01 N HCI. [or- Dilute 100 ml. of solution (A) to 1L and calculate
its strength from the above normality of (A)]

Procedure:
Weigh 1 gm. soil in 50 ml Kjeldhal digestion flask and add 2 gm. catalyst digestion mixture
followed by 10 ml conc. H,S0O, and few pieces of broken porcelain. For a fine textured soil

SOIL ANALYSISBOOK » 9



add 10 ml. of distilled water and leave it for 30 minutes before adding digestion mixture
and sulphuric acid. Mix the soil with sulphuric acid by swirling the flask and heat in the
low heat until frothing stops. Gradually increase the heat until the acid boils. Swirl the
flask at intervals and digest until the color of the mixture changes to green- blue or grey
color and continue it for 1- 1.5 hours more. Care should be taken during digestion not to
allow the flame to touch the flask above the part occupied by the liquid.

With Block Digester Decator, add 10 ml concentrated sulphuric acid to 1 gm. soil and 2 gm.
digestion mixture in 250 ml digestion tube and heat in preheated Block Digester at 410°C for 45
minutes. If exhaust system is used, adjust its rate to maximum in the beginning of the digestion
and reduce it after about 10 minutes (when the evolution of dense fumes of sulphuric acid
decrease) so that the acid fume will be condensed at about two- third of the digestion tube.

Cool the flask and add about 20 ml. of distilled water before the solution starts crystallizing.
Transfer the solution in a 100 ml. volumetric flask, leaving the sand in the digestion flask
and make up the volume. Take 20 ml. aliquot in the distilling flask and add 20 ml. of 40%
NaOH and distil it, collecting the liberated NH, in 10 ml 4% boric acid solution containing 2
drops of mixed indicator in 125 ml. conical flask. Titrate it with 0.01 N HCI. Run a blank for
each batch of 12 samples.

Calculation

(7xnx(T-B))
S
Where, n= Normality of acid
T=vol. of acid used in titration
B=vol. of acid used in blank

%N=

S= Sample wit.
Interpretation
a) Terai
LOW. e <0.075%N
Medium.........cooooii <0.075- 0.150%N
High. ..o >0.150%N
b) Hills
LOW. e <0.1%N
Medium........cooiiii <0.1- 0.3%N
High. oo >0.3%N
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AVAILABLE PHOSPHORUS

Principle

Many different solutions have been proposed for the extraction of the available phosphorus
that can be correlated with the field crop response. As the phosphate ions in the soil
solution are presentin small amount, the plant available phosphorus includes some of the
insoluble soil phosphorus also. The insoluble soil phosphorus present is mainly di and tri
calcium phosphates in neutral and alkaline soils and aluminum and ferric phosphates in
acid soils. Three of those extracting methods to include insoluble phosphates have been
described in this manual.

Modified Olsen's Bicarbonate (pH 8.5) extracting solution is best suited for calcareous
and alkaline soil but also recommended for the moderately acid soils.

The extraction of available phosphorus from the soil is affected by:

1. fineness of the particles

2. soil: extraction ration

3. shaking period

Several methods are available for color development. The choice of the method for
determining P depends upon the concentration of P, concentration of interfering
substances and the acid system involved in the procedure.

IThe molybdenum blue methods are the most sensitive and as a result, they are widely
used for the soil extracts containing small amount of P as well as total P determination
in soils. These methods are based on the principle that in an acid molybdate solution
containing orthophosphate ions, phosphomolybdate complex forms that can be reduced
by stannous chloride or other reducing agents to a molybdenum blue color. The intensity
of blue color varies with the P concentration (follows Beer Law) but is affected by other
factors such as acidity, arsenates, silicates and substances which influence the oxidation
reduction conditions of the system.

Modified Olsen's bicarbonate method

Principle

This method uses 0.5 N NaHCO, solution of pH 8.5 as an extractant which controls the
activity of Ca, Al and Fe by precipitating calcium as carbonate and aluminum and iron as
hydroxides. The organic matter dissolved by the extractant must be removed by the use
of activated charcoal.

SOIL ANALYSIS BOOK » 11



Apparatus

Noakrown =

100 ml polythene bottles
shaker

funnel

what man no 42 filter paper
volumetric flask 50 ml
pipettes 5 and 10 ml

beaker 50 ml

Reagents

1.

6.

Extracting solution (0.5 N NaHCO,, pH 8.5): Dissolve 210 gm of CP NaHCO, in 5L distilled
water. Adjust the p" to 8.5 with 0.5 N NaOH or H,SO,. As the p" of the solution tends to
increase on exposed to atmosphere, few drops of liquid paraffin should be added and
the p" should be checked monthly.

5N H,SO,: Dilute 35 ml concentrated A.R. H,S0O, to 250 ml.

Ammonium Molybdate:

a) Dissolve 12 gm. A.R. ammonium molybdate in 250 ml distilled water. In 100 ml
distilled water dissolve 0.2908 gm. of antimony potassium tartarate. Add both the
solutions in 1000 ml of 5N H,SO, (141 ml of concentrated H,SO, per liter water), mix
thoroughly and make to2L. Store in a Pyrex glass bottle and keep it in a dark and
cool temperature.

a) Dissolve 1.056 gm. of ascorbic acid in 200 ml of ammonium molybdate solution
(Reagent 3a). This reagent should be prepared as required since it cannot be kept
for more than 24 hours.

Activated Charcoal (Darco G- 60)

Standard P solution

Primary standard 50 ppm P: 0.2195 gm. of A.R. KH,PO, dried at 40°C is dissolved in

about 400ml of distilled water in one liter volumetric flask. Add 25 ml of 7N H,SO, to it

and make the volume to 1 L. Thus preserved with H,SO,, the solution keeps indefinitely
but it should be stored in a weathered soft glass bottle (rather than one of Pyrex) to
minimize contamination with arsenate.

Secondary standard 5 ppm P: Dilute 5 ml of 50 ppm P stock solution to 50ml in a

volumetric flask for the 5 ppm P. It must be made up if fungus growth in the solution in

noticed.

p-nitrophenol indicator 0.25: Dissolve 0.25 gm. indicator in 100 ml of distilled water.

Procedure
Weigh 2 gm. soil sample (air dried <2 mm)in a 100 ml polyethylene bottle. Add one teaspoon
of activated charcoal and 40 ml of 0.5 N NaHCQO,, extracting solution. Shake for 30 minute

12 € SOIL ANALYSIS BOOK



in a shaker and filter through Whatman no 42 filter paper. Pipette 10 ml aliquot of the
filtrate in a 50 ml volumetric flask and acidify with 5N H,SO, to pH 5.0 using p-nitrophenol
indicators till the yellow color just disappeared. Shake gently after each addition of acid.
Further add acid, drop wise this time until the color changes from yellow to colorless.
Add distilled water washing down the sides of volumetric flask to 40 ml followed by 8
ml of reagent (ammonium molybdate). Make up the volume to the mark and shake well.
Maximum intensity of the blue color is obtained in 10 minutes and remains stable up to 24
hrs. Include a blank in every batch by shaking the extracting solution without soil. It should
include all the reagents added in every step. Measure color intensity in a colorimeter
after 10 minutes using red filter (660 nm). Prepare the standard curve by taking 0, 0.5, 1, 2,
4,6,8, and 10 ml of 5 ppm standard solution 50 ml volumetric flask, and NaHCO, extracting
solution and proceed exactly like in the solution.

Calculation
P,0, (kg/ha) = ppm P in solution X 2.29 X 100 X 2**9

Where,

100 =dilution factor

2 = conversion factor for ppm in soil to kg/ha in soll
2.29= conversion factor for P to PO,

Interpretation

Low < 31kg/ha P,0,
Medium  31-55 kg/ha P,0,
High >55 kg/ha P,0,

¥ Modified from S.B.Pradhan, 1996 by the Technical Session of world soil day on 2017.
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AVAILABLE POTASSIUM

Principle:

The potassium extracted by normal neutral ammonium acetate is considered to be
available to plants. For most soil the potassium removed is largely that associated with
the clay and humus complex as exchangeable ions but in some saline soil, there may be
a fair amount of water soluble potassium. In the assessment of availability, exchangeable
and water soluble potassium ions are not differentiated, but measured together in the soil
extract, usually by flame photometer.

In routine analysis it is accurate enough to shake soil with ammonium acetate solution
in 1:10 soil: extractant ratio, a procedure which normally removes 90-95 percent of the
exchangeable potassium and all the water-soluble potassium. Alternatively, soil may be
leached with ammonium acetate solution.

Although exchangeable and water soluble potassium values are usually reported in meg/
100gms, available values are always reported in ppm or kg/ha in soil.

a) flame photometer method:

Apparatus

1. flame photometer

2. shaking apparatus

3. 100 ml. Erlenmeyer flask

Reagents
1. 1 N Ammonium acetate pH 7.0: Dissolve 77 gm. of ammonium acetate in 1L of distilled
water.
Or
To 58 ml of glacial acetic acid add 500 ml. of distilled water followed by 65 ml of liquor
ammonium and dilute to 1L. Adjust the pH to 7.0+0.02 with dilute NH40H or acetic acid.
2. Kstandards ( stock solution): Dissolve 0.1905 gm. dried KCI in 1L volumetric flask and
make up the volume- 100 ppm K
Take 0,5, 10, 15, 20 and 25 ml of 100 ppm K solution in 100 ml volumetric flask and dilute
with TN ammonium acetated pH 7.0 solution to the mark- 0, 5, 10, 15, 20 and 25 ppm K.

Procedure

Weight 2 gm. of air dried soil in a 125 ml conical flask (or 100 ml polyethylene bottle with
leak proof cap), add 20 ml normal neutral ammonium acetate, shake for 5 minutes in a
mechanical shaker and filter through Whatman No. 42, 12.5 cm filter paper. Prepare a

14 € SOIL ANALYSIS BOOK



standard curve of K by aspirating 0, 5, 10, 15, 20 and 25 ppm K after adjusting full scale
deflection of flame photometer with 25 ppm K. Note the reading and draw graph. Aspire
the soil solution, note its reading and determine K in the soil solution from the graph.

Calculation
K,O (kg/ha) = R X 20/2 X 1.2 X 2 **10

Where,

R= potassium of soil extract in ppm, from the standard curve
1.2= conversion factor for Kto K,0

2 = conversion factor for ppm to kg/ha

20/2= dilution factor

Interpretation

Low - <110 kg/hakK,0
Medium - 110-280 kg/haK,0
High - >280 kg/hakK,0

1 Modified from S.B.Pradhan, 1996, by the Technical Session of world soil day on 2017.
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MICRONUTRIENTS

Principle:

The major categories of micronutrient extractants presently in use are dilute acids and
solutions containing chelating agents like DTPA or EDTA. Other less commonly used or
specific extractants includes hot water (B), acidic ammonium or sodium acetate (Zn), Na-
citrate or Na-dithionate (Fe) and ammonium oxalate (Mo).

1.

Dilute acid extractants:

Dilute acids (0.025 — 0.1 M) have been used as extractants for micronutrients Zn, Cu,
Fe and Mn for many years (primarily on acidic soils). However, their applicability is
confined to acidic soils because they generally are not sufficiently buffered to extract
meaningful levels of micronutrients from calcareous soils. Acidic extractants do not
have a particular sound, theoretical basis, but, due to their extensive use in field and
laboratory studies, a well-developed database exists, relating extractable levels of
most micronutrient to crop response.

Extractants that use chelating agents:

One of the major advances in micronutrients soil testing has been the developing
of extracting solutions containing the chelating agents, primarily DTPA and EDTA.
These chelates reduce the activity of free metal ions in solution through the formation
of soluble metal-chelate complexes. The quantity of metal ions extracted by a chelate
reflects both the initial concentration in the soil solution and the ability of the soil
to maintain this concentration. Thus, chelating agents simulate nutrient removal by
plant roots and replenishment from labile solid phase in the soil. The DTPA soll test,
developed for near- neutral and calcareous soils by Lindsay and Norvell, illustrates
the evolution of a soil test extractant from theoretical principles derived from soil
chemistry for verification through greenhouse and field calibration studies. The DTPA
extractant was selected because it offered the most favorable combination of stability
constant necessary for simultaneously extracting four macronutrientcations (Fe, Na,
Cu and Zn). Results such as those obtained in the FAO study, and those reported by
others on acidic soils reduced soils, and metal contaminated soils, have intensified

the interestin DTPA as a universal micronutrient extractant.
Because of the three factors

(a) Usefulness as single extractant for multi-elements (micro)
(b) The only good extractant for calcareous soil and
(c) Almost equally good extractant for acidic soil, the DTPA method is getting great

popularity among the soil testing laboratories.
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Apparatus:

Atomic Absorption Spectrophotometer
Acetylene gas cylinder

Paraffin wax paper

Shaker

Pipette 20 ml

Conical flask 125 ml

Sk wN =

Reagents:

1. Diethylenetriaminepeta acidic acid (DTPA) extracting solution:

Dissolve 149.2 gm of reagent grade triethanolamine (TEA), 19.67 gm. of DTPA and 14.7 gm.
of Cacl,2H20 in deionized distilled water (Glass double distilled). Since DTPA is not very
soluble in water, place itin a small amount of water and then dissolve in the TEA solution.)
When the DTPA has dissolved, dilute to approximately 9 liters. Adjust the pH to 7.3+ 0.05
with 1:1 HCI (approximately 8.3 ml of 1:1 HCI are required).

Make to 10L final volume. The pH should be checked periodically, because a pH of 7.3
is critically for the extraction. Thus prepared 0.005 M DTPA, 0.01 M CaCl, and 0.1 M TEA
solution is stable for several months.

2. Glass double distilled water or deionized distilled water (DDW).
3. Standard Zinc solution:
. Stock Solution: Dissolve exactly 0.4399 gm. AR ZnS0,.7 H,0 in glass double distilled
water, add 25 ml 1 N HCI and dilute to 1 L volumetric flask — 100 ppm Zn.
ii. Working Standard: They are prepared bydiluting 50 ml of 100 ppm Zn to 250 ml (20
ppm Zn) and then further dilution of 0, 2.2, 5, 10, 15 and 25 ml of this 20 ppm Zn to 250
ml with DTPA extracting solution to give 0, 0.2, 0.4, 0.8, 1.2 and 2 ppm of Zn.
4. Standard Fe solution
i. Stock solution: Dissolve 0.7023 gm. AR Fe(NH,),(S0,),.6H,0 in deionized distilled
water (DDW) and add 20 ml of 1 N H2S04. Oxidize it by adding 25 ml 1% KMnO, slowly
and then drop wise till the pink color just stays. Dilute to exactly 1L -100 ppm Fe.
il. Working Standards: They are prepared by diluting 0, 5, 10, 15, 20 and 25 ml of 100 ppm
Fe to 100 ml with DTPA extracting solution to give 0, 5, 10, 15, 20 and 25 ppm Fe.
5. Standard Copper Solution
. Stock Solution: Dissolve 0.3929 gm. AR CuS0,.5H,0 in 500 ml DD water, add 20 ml 1N
H,S0, and dilute to 1 L in volumetric flask — 100 ppm Cu.
ii. Working Standards : They are prepared by diluting 50 ml of 100 ppm Cu to 250 ml (20 ppm
Cu) and then further dilution of 0, 2.5, 5, 10, 15 and 25 ml of this diluted (20 ppm Cu) to 250
ml with DTPA extracting solution to give 0, 0.2, 0.4,0.8, 1.2 and 2.0 ppm of Cu.
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6. Standard Mn Solution

i. Stock Solution: Dissolve 0.2877 gm. potassium permanganate in 500ml DD water and
add 25 ml 1N H,SO,. Boil for few minutes and carefully add 1.2 gm sodium sulphate
crystal (Na,S0,.7H,0). Boil again to remove S0O,, cool and make up the volume to 1L-
100 ppm Mn.

ii. Working Standards: They are prepared by diluting 0, 5, 10, 15, 20 and 25 ml of 100 ppm
Mn solution to 100 ml with DTPA extracting solution to give 0, 5, 10, 15, 20 and 25 ppm
Mn.

Extraction Procedure:

Weigh 10 gm. of air dried soil in a 125 ml Erlenmeyer flask and add 20 ml of the DTPA
extracting solution. Cover the flask with paraffin or polyethylene stopper and secure
upright on a horizontal shaker with a stroke of 8.0 cm and a speed of 120 cycles per min.
After exactly 2 hours of shaking, filter the suspension by gravity through Whatman No.42
filter paper. The shaking time is very important because extracting is not complete in 2
hours. (The labile and non-labile quantities of the trace elements will continue to dissolve
even after 2 hours). The filtrate may be used to analyze for the trace elements Fe, Cu, Mn
and Zn with AAS after standardization for particular element.

a) Available Zinc
Place Zinc Hollow Cathode Lamp in the working lamp turret 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 burner height as per the instruction of
AAS manufacturer. Let it warm for 5 minutes and standardize AAS using 0 and 2 ppm Zn
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.

Calculation:

ppm Zn in soil = 2 X(R-B)

Where,

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

B is the ppm Zn in Blank extract from the graph.

Interpretation
Factors affecting the interpretation of the soil test data are pH, CaCO, percent, phosphorus,
organic matter, clay percent, CEC.
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Typical range is critical level for DTPA extractable Zn is reported to be 0.2 to 2.0 Zn (ppm)
and average critical value is 0.8 Zn mg/kg.

b) Available Copper
Place copper Hollow Cathode Lamp in the working turret, proceed as in the Zinc
determination, note the absorbance reading of copper standards and draw graph.
Aspirate the soil extract, note the absorbance reading and determine Cu in solution
from the graph.

Calculation

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

Where,

Ris the ppm Cu in soil extract from the graph.

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

Interpretation
Factors affecting the interpretation of the soil test data are pH, CaCO,percent and crop.
Typical range is critical level for DTPA extractable Cu is reported to be 0.12 to 0.25 Cu

(ppm).

c) Available Iron
Place copper Hollow Cathode Lamp in the working turret, proceed as in the Zinc
determination, note the absorbance reading of Iron standards and draw graph.

Aspirate the soil extract, note the absorbance reading and determine Fe in solution from
the graph.

Calculation

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

Where,

Ris the ppm Fe in soil extract from the graph.

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

Interpretation
Factors affecting the interpretation of the soil test data are pH, CaCO, percent, organic
matter, aeration, soil moisture and CEC.

Typical range is critical level for DTPA extractable Fe in USA and Tropics is reported to
be 2.5 to 5.0 Fe (ppm).
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d) Available Manganese
Place copper Hollow Cathode Lamp in the working turret, proceed as in the Zinc
determination, note the absorbance reading of copper standards and draw graph.

Aspirate the soil extract, note the absorbance reading and determine Mn in solution from
the graph.

Calculation
ppm Cu in soil = 2 X(R-B)

Where,
Ris the ppm Mn in soil extract from the graph.
B is the ppm Mn in Blank extract from the graph.

Interpretation

Factors affecting the interpretation of the soil test data are pH, organic matter,
CaCO,percent and texture.

Typical range is critical level for DTPA extractable Mn is reported to be 1.0 to 5.0 ppm and
average critical value is 1.4 ppm.

d) Available Boron (hot water extraction method)**"

Chemical and reagents

1) Buffer

35 g ammonium acetate
+

2.5g potassium acetate
+

1g nitrilotriacetic acid
+

Dissolve in 100ml of DH20

+

Slowly add 13.25 ml of glacial acetic acid and make volume to 250ml.

2) Extraction solution (calcium chloride 0.02N)
Dissolve 1.11gm of anhydrous [Cacl,] in 500 ml of distilled water and dilute to exact 1000
ml.

""Modified from S.B. Pradhan, 1996.
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3) Azomethine (H)
0.3 g azomethine H
+
2g ascorbic acid
+
Dissolve in 60 ml DDH20 and make volume to 100ml.
+
it should be prepared at least 24 hours before use and store in polypropylene bottle
wrapped in a foil and place in refrigerator.

4) Standard boron solution - 100ppm
0.5716 g AR boric acid in 1 liter DDH,0 gives 100 ppm B.

Take 0, 1, 2, 3, 4 and 5 ml of 100 ppm B in 100 ml volumetric flask and make volume by
DDH,0. It gives 0, 1,2, 3,4 and 5 ppm B.

Boron analysis procedure

10g soll Put in the packet of
+ sealed polypropylene
20 ml extraction solution plastic paper

+

5 minute heating in boiling hot water
+

Cool in a running tap and filter

+

Cut the sealing of the polypropylene plastic paper
+

Pour the solution to

Filter through Whatman 42 filter paper

+
Take 1ml aliquot in PVC tube
+
Add 2ml buffer solution

+

2ml azomethine H reagent
+
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Mix well and take reading in spectrophotometer at 420nm after 30 minutes

+
Prepare standard with 0, 1, 2, 3, 4, and 5 ppm B and develop color as above and take
readings.
Calculation
ppm B in soil  =ppm of B in solution X dilution factor

= ppm of B in solution X (2 X 5)
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ORGANIC MANURE
MOISTURE CONTENT:

Oven Dry method:
This method is not applicable for the samples such as DAP, urea, Super phosphates etc
that yield volatile substances other than water at drying temperature.

Apparatus Required

a. Oven with means for controlling the temperature up to 150 °C
b. Spatula

c. Aluminum can

d. Balance (Analytical )

Procedure

1. Take the oven dried Crucible/Aluminum can and note down the weight of oven dried
crucible (A).

2. Place fertilizer sample in the crucible and note down the combined the weight of
crucible and fertilizer (B)

3. Place the fertilizer sample containing crucible in the oven and adjust the temperature
of the oven at 105 °C and keep in the oven for 24 hrs.

4.  Note down the combined weight of the oven dried fertilizer sample and crucible (C).

5. Repeat the step 3 and 4 till the constant combined weight of the oven dried fertilizer
sample and crucible (C)is observed.

Calculation
(Weight of Fresh Sample (B-A)-Oven dried weight of sample (C-A )x 100)
(Weight of Fresh sample (B-A)

pH DETERMINATION OF ORGANIC FERTILIZER:

Weigh 20 gm of the fertilizer sample in the beaker.

Add 50 ml of the distilled water to each sample.

Stir the sample with the help of stirrer or glass rod.

Calibrate the pH meter with the help of buffer pH 7 and pH 4.
Take the reading from the supernatant after 30 min of stirring.

Moisture % =

Al

NUTRIENT CONTENT ANALYSIS OF FERTILIZER
Chemicals required:
1. Digestion mixture catalyst
Mix 10 gm of the Copper Sulphate with 200 gm of the Sodium Sulphate (1:20 ratio)
with proper grinding.
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2. Concentrated Sulphuric acid

3. Sodium Hydroxide: 400 gm of Sodium Hydroxide is dissolved in 800 ml of distilled
water. After cooling make the final volume 1 lit.

4. Mixed indicator: Dissolve the 0.5 gm of the Bromo-cresol green and 0.1 gm of
methyl red in the 100 ml 95% ethanol.

5. 4% Boric acid: 40 gm boric acid is dissolved in the 800 ml of distilled water to
make final volume to 1 lit.

6. 0.1 N HCland 0.05N HCI: For 0.1 N HCL solutions take about one litre of distilled
water and add 17.2413 ml of the Concentrated HCI and make final volume 2 lit. For
0.05 N HCL solution, take about one litre of distilled water and add 8.62068 ml of
the Concentrated HCI and make the final volume 2 it

Digestion procedure for the organic fertilizer

1.

2.

3.

b

8.

9.

Note down the lab number of fertilizer samples and tube number in the analysis
register.

Weight about 2 gm of fertilizer sample and keep in the respective tubes assigned. For
the standard check, take near about 0.15 gm of AR.DAP and 0.10 gm of AR. KCI

Add 15 gm of the digestion mixture in each tube.

Add 20 ml of the concentrated sulphuric acid to each tube.

Block digester is turn on and set the program for gradual increase in the the
temperature upto 410 °C as below

a. 100 °C-1 hr

b. 150 °C-30 min

c. 200 °C-30 min

d. 250 °C-1 hr

410 °C-30 min and completed digestion is allowed by repeating digestion process.
Add about 50 ml of the distilled water after complete digestion of fertilizer but before
crystallizing the solution.

Make final volume 250 ml in the volumetric flask with the help of distilled water after
through washing of the tubes.

Filter the final solution through Whatmans no-42 filter paper.

7.3.1. TOTAL NITROGEN DETERMINATION

1.
2.

3.
4.
5.

Take 50 ml of the solution in the digestion tube from the filtrate.

Take 25 ml of the 4 % boric acid solution in the 250 ml conical flask and add 4 drops
of mixed indicator.

Switch onthe Distillation unit and with proper setting, run for the wash down operation.
Add NaOH and Distilled water in the respective container.

Set the conical flask containing boric acid with mixed indicator in the receiving
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chamber and digestion tube containing solution to be distilled in the other chamber.
6. Run the Distillation operation about 4 minutes. After distillation remove the digestion
tube first and then conical flask.
7. Titrate the solution with the 0.05 N HCL and note down the volume of HCI consumed.

Calculation

_ (TV-Blank)XNormality of HCIX1.4007X250)
- (Oven dry weight of sample X50)

N%

TV=volume of HCl used for sample
Blank= volume of HCI used for blank
Note: Normality of HCI should be approximately 0.05

7.3.2. TOTAL PHOSPHOROUS DETERMINATION
Chemicals required:
1. Molybdovanadate reagent:
a. Dissolve 40 gm of the ammonium molybdate tetrahydrate in 400 ml of hot water and
cool the solution.
b. Dissolve 2 gm of ammonium metavanadate in 250 ml of hot water, cool and add 450
ml of perchloric acid (70 %) or 450 ml of concentrated nitric acid (Sp gr 1.42).
c. Gradually add molybdate solution to vanadate solution with constant stirring and
when cool, dilute to make volume 2 lit.
2. Standard phosphorous solution :
a. Dry pure potassium dihydrogen phosphate (KH,PO, containing 52.15 % of P,0,) for
two hours at 105 °C. Cool in the dessicator
b. Dissolve 0.9588 gm of dry potassium dihydrogen phosphate (KH,PO,) in the distilled
water and make final volume 500 ml. This contains 1.0 mg P,0,/ml (1000 ppm)
c. Take 25 ml of 1.0 mg P,0,/ml and make final volume 250 ml this contains 0.1 mg P,0/
ml (100 ppm. From this 0.1 mg P,0./ml (100 ppm solution) we can make standard in
the ranges as per required

Procedure

1. Take the 10 ml of the filtrate in the 100 ml volumetric flask.

2. Add the 20 ml of the Molybdovanadate reagent to each flask.

3. Make the final volume100 ml by adding distilled water up to marks.

4. Similarly for the standards take 0, 1, 2, 5, 10, 15, 20, 25, 30 ml of the 0.1 mg P,0./ml (100
ppm solution) in the 100 ml volumetric flask, add the 20 ml of the Molybdovanadate
reagent to each flask and make final volume 100 ml.

5. After 30 minutes take the reading with the help of UV-Visible Spectrophotometer at 400 nm.
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Calculation

(ppm P in Solution X 250 X100)

P.0.%=
275"~ (dry wt of sample X10X10000)

7.3.3.TOTAL POTASH DETERMINATION
Chemicals required:

1. Weigh 0.1905 gm of the dried potassium chloride (KCI) and dissolve in distilled water
and make final volume 1 lit, this will give the stock solution of 100 ppm-K.

2. Pipette 0, 5, 10, 15, 20, 25, 30, 50 ml of 100 ppm-K in 100 ml volumetric flask and make
final volume 100 ml by adding distilled water, this will give 0, 5, 10, 15, 20, 25, 30,50 ppm
K respectively .

Procedure

1. Take the 10 ml of the filtrate in the 100 ml volumetric flask.

2. Make the final volume 100 ml by adding distilled water up to mark.

3. Take the reading from the Flame photometer keeping the standard range of 0, 5, 10, 15,
20, 25, 30 ppm K. Adjusting 0 FPR for 0 ppm and 100 FPR for 30 ppm.

Calculation

(ppm K in solution X250 X100X1.2)
(dry weight of sampleX10X10000)

K,0% =
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8. CHEMICAL FERTILIZERS
8.1. TOTAL NITROGEN DETERMINATION OF CHEMICAL FERTILIZERS
Digestion

1.

Note down the lab number of fertilizer samples and tube number in the register.

2. Weigh the fertilizer sample and keep in the respective tube number assigned
accordingly to lab number and note down the weight in register. keep in the mind that
weight to be taken is as follow;

a. Urea-near about 0.2500 gm
b. Other fertilizers - near about 0.5000 gm.

3. Add 7 gm of digestion mixture in each digestion tube.

4. Add 10 ml of concentrated Sulphuric acid in each Digestion tube.

5. Block Digester is switched on and digestion is carried out at 410 °C for the 30 minutes.

6. After30 minutes cooling, add 50 ml of Distilled water in each tube before crystallization.

Distillation

1. Take 25 ml of the 4 % boric acid solution in the 250 ml conical flask and add 4 drops of
mixed indicator.

2. Switch on the distillation unit after proper setting, run for the wash down operation.

3. Checkthe NaOH and Distilled water in the respective container.

4, Set the conical flask containing boric acid with mixed indicator in the receiving
chamber and digestion tube containing solution to be distilled in other chamber.

5. Runthe distillation operation about 4 minutes.

6. Titrate the solution with approx. 0.1 N HCL.

Standardization of HCI is done as follow.
i) Weigh about 0.2100 gm of the oven dried (2 hr at 120 °C ) Sodium carbonate in 250
ml of the conical flask (3 conical flasks) and one reference conical flask is taken
ii) Dissolve the sodium carbonate by adding 40 ml of distilled water and 80 ml distilled
water is added in reference flask for color compare.
iii) Add 4 drops of Methyl orange indicator in each flask.
iv) Titrate with HCI and find the end point.
Calculation
N9 = (TV-Blank)XNormality of HCIX1.4007)

(weight of sample)

TV=volume of HCl used for sample
Blank= volume of HCI used for blank
Note: Normality of HCI should be approximately 0.01
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8.2. TOTAL PHOSPHOROUS DETERMINATION OF CHEMICAL FERTILIZERS
Digestion

1.

Note down the lab number and digestion tube number in the analysis register.

Weigh about 1.000 gm (DAP and other) fertilizer and keep in the respective tube
assigned accordingly to lab number and note down the weight of sample in register.
Assign two tube for the blank another two for AR. Weigh about 1.000 gm of AR.KH2PO
intwo tubes and note down the weight.

Add 20 ml of Nitric acid in each tube.

Heat the tubes containing samples in the block digester at 170 °C for about 30 minutes.
Leave the digestion tubes for cooling for about 30 minutes.

After cooling add 10 ml of perchloric acid (70-72%) in each tube.

Again heat the digestion tubes for 20-30 min at 170 °C in the block digester.

Leave the tubes for cooling (till the white fumes ceases to evolve).

. Add 50 ml of the Distilled water in each tube after cooling.
. Again heat the tubes at 170 °C for 20-30 min.
. After cooling make the final volumes 250 ml in the volumetric flask with the help of

distilled water after through washing of each tube.

Testing method (Spectrophotometric vanadomolybdophosphate method)

1.
2.

6.

Filter the final volume made sample through the whatman no 42 filter paper.

Take 100 ml volumetric flask and pipette out the amount of aliquot as per follow

. DAP and TSP: 2.5 ml (above 35% P,0,)

ii. DSP:3.5ml(20-35% P,0,)

iii. Other fertilizer: 5 ml (below 20 % P,0,)

Add about 45 ml of distilled water in each tube and add 20 ml of molybdovanadate
reagent.

Make final volume 100 ml by adding distilled water up to marks.

Similarly prepare standards by taking 0, 5, 10, 20, 30, 40, 50, 60 and 70 ml of the 0.1mg
P,0,/mlin the 100 ml volumetric flask and add 20 ml of the molybdovanate reagents to
each standard and make final volumes 100 ml.

Take the reading after 30 minutes at 400 nm in the UV visible Spectrophotometer.

Calculation

P,0,%=

(P,0,% in sample X 250 X100)
(wt of sample X5X10000)
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8.3. POTASH DETERMINATION OF THE CHEMICAL FERTILIZERS

1.

Al N

Weigh about the 0.75 gm of the potassic fertilizer to be analyzed and keep in the 250
ml volumetric flask.

Add the water and after dissolving make the final volume 250 ml.

Filter the sample through Whatman no 42 filter paper.

Take 10 ml of the aliquot in 250 ml volumetric flask and make final volume 250 ml
Take the reading with the help of flame photometer with the standard range of 0, 10,
20, 30, 40, 50, 60 and 70 ppm K. Adjusting 0 FPR for 0 ppm and 100 FPR for 70 ppm.

Calculation

K,0% =

(ppm K in solution X250 X250X1.2)
(weight of sampleX10X10000)
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Determination of Organic Matter (Mobile-Van)

Method: Colorimeter
Procedure
2 g soll

2ml 25N K,Cr,0,(122.6 g K,Cr,0, in 1 L DH,0)
2.5ml conc. H,S0,
4 drop of H,PQ,
v
Wait for 30 minutes
Make volume 50 ml
v
Wait for 3 hours
Take reading (using only upper clear solution at 660 nm filter)

Calculation
0M% = colorimeter reading X 14.47
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Recommendation of nutrient according to the soil test and crop to be grown

Nitrogen Phosphorus Kg/ Potash

S. C Ka/ropani ropani Ka/ropani
N rop Nutrient Status Nutrient Status Nutrient Status

low |Medium|High | low |Medium |High| low | Medium | High
1 [Rice (irrigated) 5.00 |2.50 1.25 {1.50 [0.75 0.38 [1.50 |0.75 0.38
2 [Rice (unirrigated) [3.00 [150  [0.75 [1.00 (050  [0.25 [1.00 [0.50  [0.25
3 22'% S€asoNlang 150 1075 150 075  |0.38 |150 1075  |0.38
4 |Winter maize 450 (225 113 [2.25 113|056 [2.25 113 |0.56
5 |Potato 11.00[550  [2.75 |7.00 [350  |1.75 [5.00 |250  |1.25
6 |Vegetables (leafy ) |10.00(5.00  |250 |9.00 [450  |2.25 [4.00 |2.00 1.00
7 [Vegetables (root) |10.00(5.00  |250 [9.00 |450  |2.25 [4.00 |2.00 1.00
8 [Green pea 075 (038 |0.19 [2.00 [1.00  |0.50 |6.00 [3.00 150
9 [Cucumber 700 350  |1.75 [2.00 [1.00  |050 |5.00 |2.50 1.25
10 |Summer squash _ [12.00/6.00 (3.0 [9.00 [450  [2.25 [3.00 [1.50  [0.75
¢ |Tomato (Srijana |0 00le g0 o50 l9.00 (450 [2.25 1400 200 |1.00

variety)

12 Ig:eat:/‘; dwarf 1o ools.00 250 |10.0055.00  [250 (750 [3.75 1.88
13 [Brinjal 10.00(500  [250 [9.00 450  |2.25 |4.00 2.00 1.00
14 |Ladys finger (okra) [10.00 (5.00 2.50 [9.00 (4.50 2.25 (3.00 |1.50 0.75
15 [Caluliflower (local) [10.00(5.00  |[2.50 |6.00 3.00  [1.50 |4.00 [200  [1.00
16 (Ch‘;'t‘)‘:'ig‘)“’"er 10.00(5.00  [250 6.00 [3.00  [1.50 [5.00 [2.50  [1.25
17 |Cabbage 1200/6.00  [3.00 |9.00 450  [2.25 [4.00 |2.00 1.00
18 [Bean 400 [200 [1.00 6.00 [3.00 150 300 |[1.50  |0.75
19 Bitter gourd 1000500  [250 [6.00 3.00  |1.50 [3.00 150  |0.75
20 [Cowpea 400 [200 [1.00 6.00 [3.00 150 [2.00 [1.00  |0.50
21 Bell pepper 1000500  [250 [5.00 250  |1.25 [5.00 |2.50 1.25
22 |Onion 12000600  [3.00 [9.00 450  [2.25 |4.00 |2.00 1.00
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Recommendation for micronutrients

For Zinc
Zinc sulphate heptahydrate (Zn 21%) @ 20 kg/ha

For Copper
Copper sulphate @ 1.5 - 2 kg/ha

For Iron
Ferrous sulphate @ 15 kg/ha

For Manganese
Foliar spray of 0.5% Manganese sulphate solution

For Boron
Borax (sodium tetraborate) @ 10 kg/ha

For Molybdenum

Sodium Molybdate @ 2- 4 kg/ha

or

Ammonium Molybdate @ 2 - 3 kg/ha

Note: If the micronutrients content in the soil is high there is no need of application of
the nutrients. If it is medium the application of the micronutrients should be % of the
recommendation and if it is low the full of recommended dose of the nutrients should be
recommended.

IR g 910! Igaa = fhfofidae geRid g&as Nutrient Disorder and
Nutrient Management in Rice ¥=1 J&i&H1 €19 qTestel @11 A= ged aca! hi<id
R o9 R fRgvd! © -

faa=or HAICHT Wrerd@d! 71 (R /&sh)

SEZ skl IR BHTH
Hif~ae R <0.80 ]0.20-0.30 0.50 5.0-25.0
Sita alRar DTPA DTPA Hot water extraction |DTPA
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Vermicompost Others Grannular
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o [T ST HIRDBRE (P,0,)% 05y o0y 0y
(oven dry basis)

3 AT ST them (K,0)% 20 - -
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¥ |foR© % (oven dry basis) 30 —¥0 <30 <R0

v UTGTRS Bra- (Or.ganic Carbon 4630 4020 q0-30
%) (oven dry basis)

& RIS (C:N ratio) BT 0:9 AT Q019 JAfBaH Q019
3urd
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9% |[qf$a™ Cadmium (Cd) mg/kg |4—a0 4—qo0 4—qo0

9% [@Iff9 Chromium (Cr) mg/kg |31f&dad 4o BT Yo IfrHaH Yo

94 [Rrem Lead (Pb) mg/kg JTferdaH o0 JTfHTH 900 JfrHaH o0
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qar qur A fagawor wel gfq a9 aw wew

qraT FHAT fawewor Tafw A7 fawmon gt A foreoon
AP fATA ® 90/- |6® ATSSIoH ® 300/- figa. % /-
AEEISH % ¢of- qSge ARaIo % 300/- S Ao ® 8Y0/-
HEPRY & 900/- TGS ASeIo| § 94o/- B HEPRT B 400/-
UIer % (of- RS HEPIRY B 300/- UICT % 8oo|-
UR® Y& 900/- |GATRITS HEhRE UM goidiies % 9300/-|[FR-RAT™ % 20/-

IRT ® Y00[- e & ® YR/- YAMR® ®1ed ® 920/-
i % Qyo/- UICT HoH BICIATR % 8oo/-

3MERA & RYo[-

FR T Y0/-

RIS % Y0/-

AfsesTH & goo/-

APl CFITR F 30/-
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PHOTOS FOR VISULAL SYMPTOMS OF NURTIENTS DEFICIENCY

B deficiency in caliﬂower

Fe deficiency on lemon - citrus
v 5

eficiency
S N

Ty

K deficiency in apple Mg deficiency
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PHOTOS FOR VISULAL SYMPTOMS OF NURTIENTS DEFICIENCY

e

S deficiency Zn -deficiency in rice

SOIL ANALYSIS BOOK » 73



PHOTOS TO SHOW SOIL MANAGEMENT ACTIVITIES BY SMD

Soil registration in soil campaign Monitoring of vermicompost

74 € SOIL ANALYSIS BOOK



PHOTOS TO SHOW SOIL MANAGEMENT ACTIVITIES BY SMD
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Agricultural State Minister inspecting the mobile van

i

First Soil Day in Kavre
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