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Preface

Vocational Education is a dynamic and evolving field, and ensuring that every
student has access to quality learning materials is of paramount importance.
The journey of the PSS Central Institute of Vocational Education (PSSCIVE)
toward producing comprehensive and inclusive study material is rigorous and
time-consuming, requiring thorough research, expert consultation, and
publication by the National Council of Educational Research and Training
(NCERT). However, the absence of finalized study material should not impede
the educational progress of our students. In response to this necessity, we
present the draft study material, a provisional yet comprehensive ‘guide,
designed to bridge the gap between teaching and learning, until.the official
version of the study material is made available by the NCERT. The draft study
material provides a structured and accessible set of materials for teachers and
students to utilize in the interim period. The content is aligned with the
prescribed curriculum to ensure that students remain on track with their
learning objectives. The contents of the modules are curated to provide
continuity in education and maintain the momentum of teaching-learning in
vocational education. It encompasses essential-concepts and skills aligned
with the curriculum and educational standards. We extend our gratitude to
the academicians, vocational educators, .subject matter experts, industry
experts, academic consultants, and all other people who contributed their
expertise and insights to the creation of the draft study material. Teachers are
encouraged to use the draft modules of the study material as a guide and
supplement their teaching with additional resources and activities that cater
to their students' unique learning styles and needs. Collaboration and
feedback are vital; therefore, we welcome suggestions for improvement,
especially by the teachers; in improving upon the content of the study
material. This material.is copyrighted and should not be printed without the
permission of the NCERT-PSSCIVE.

Deepak Paliwal
(Joint Director)
PSSCIVE, Bhopal
Date: 20 June 2024
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Module 1

Preparation of Soil and Water
Samples for Analysis

Module Overview

Soil and water testing is carried out to optimize crop production through
fertilizer application and protecting the environment from excess fertilizers
contamination. These analyses are achieved with the help of\ true
representative soil and water samples. Careful and proper sampling
techniques ensure a true representative sample. A true representative sample
shows the actual condition of the area from which it is collected. A small
amount of representative sample from the study area is used for the analysis
of different soil and water properties. Precise analytical-methods ensure
reliable data and appropriate interpretation of thex results of analysis.
Therefore, soil and water testing on a regular basis(2-3 years interval) is
desirable as it provides proper fertilizer recommendations based on realistic
yield goals.

Learning Outcomes
After completing this module, you will be able to:

e Describe the requirements /and steps for setting up a soil and water
testing laboratory, including equipment, facilities, and standard
operating procedures.

e Explain the methods for collecting and processing soil and water
samples, ensuring proper sampling techniques, preservation, and
preparation'for accurate testing and analysis.

Module Structure

e Session 1: Setting up of Soil and Water Testing Laboratory
e Session 2: Collection and Processing of Soil and Water Samples

Session 1: Setting up of Soil and Water Testing Laboratory

The major objective of soil and water analysis laboratory is to determine the
various fertilizers and their proportions for enhancing crop production. For
setting up a soil and water testing laboratory, we require well-designed areas,
appropriate equipment, appropriate methods of analysis, strict quality control
and competent laboratory staff. In this session, we will study various aspects
of setting up a soil and water testing laboratory.
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1.1 Uses of a soil and water testing laboratory
These laboratories are used for:
e Testing various aspects of soil, manure and water.

e Providing recommendations for fertilizer dosage etc. based on
different soil types and crops.

e Providing extension services to the farmers and other stakeholders.
e Advising methods for improving soil health.

e The soil testing must be done in every two to three years whereas
water testing is need based.

e This facility may also be used for chemical analysis of fruits,
vegetables etc.

The vocational students should preferably be taken to nearby soil and water
testing laboratories for better understanding and learning. A state-of-the-art
soil and water testing facility exists at ICAR-Indian Institute of Soil Science
(IISS) Bhopal, Madhya Pradesh (Figure 1.1).

Fig.1.1: ICAR-Indian Institute of Soil Science, Bhopal

1.2 Various facilities in a soil and water testing laboratory

The soil and water testing laboratory houses various types of specialized
rooms as shown in the floor plan Figure 1.2.
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Fig.1.2: Floor plan of a soil, and water analysis laboratory
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i. Sample processing room
The following steps are taken in the sample processing room:

e After arrival of samples at the
laboratory, they are air-dried at
room temperature (25-35°C) in a
dust free, well-ventilated room by
spreading out on a clean white
paper or on a plastic sheet.

e Ensure that soil samples are not
mixed with other soil samples. It
may take about 1 to 2 weeks for
the soil to sufficiently dry (3-4%
moisture).

o After the sample has dried, it is :
passed using a 2 mm sieve to | N
remove debris leaving behind fine
soil (Figure 1.3).

e The fine soil sample is packed in
well labeled plastic bags for

O

Fig.1.3: Sieving of soil samples

analysis.
ii. Storage room

It is not always possible to analyze the received soil and water samples
immediately. Therefore, proper storage of soil and water samples is
essential before proceeding for analysis. The soil storage room is used for
the storage of samples; both before and after analysis, with adequate shelf
space. The samples are stored in cool and dry conditions with proper labels
containing their. IDs and data sheets. Information regarding name of
farmer, location of the field, slope of the field, its drainage, previous history
of cropping, quantities of fertilizer and manure applied etc. is contained in
the data sheets.

a. Storage of soil samples

e The collected and already labeled soil
samples are transferred to clean cloth
or polythene bags.

e The labeling is done with thick paper
tagged with sampling bags and
marked with permanent marker for

) Fig.1.4: Soil sample storage
double confirmation of sample ID. Fig.1.4: Racks
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Precautions taken while storing soil samples:

These samples are then stored in sample storage racks (Figure

1.4).

Collected samples are kept in sample storage room to avoid
contamination and protect from direct sunlight.

Soil samples are kept at 4 °C for soil microbiological analysis.

Fresh samples need to be taken for analysis of ammoniacal-
nitrogen and nitrate-nitrogen content of soil samples.

b. Storage of water samples

e C(ollected water samples are stored in
tightly capped clean glass or plastic
bottles (Figure 1.5) after labeling
sample ID, location and sample
identification mark on the bottle

In case of delay in testing of collected
water samples, add 2-3 drops, of
toluene to prevent microbial growth
and keep them in the refrigerator for

future analysis.

iii. Freezer room

Freezer room is essential for
storage of soil, water.samples
and other important
chemicals for biochemical
analysis.

The. temperature of freezer
ranges from less than 0 °C to
-200C.

Low temperature prevents
growth of bacteria and other
microbes that may spoil the
soil and water samples.

A person should wear
appropriate clothing
including gloves, goggles and
shoes while entering a freezer
room to prevent cold injuries.

Fig.1.6: Lab freezer
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Figure 1.6 shows a freezer which is used in the soil and water testing
laboratory.

iv. Analysis room

In this room, the laboratory
assistant/technician conducts
all the different types of soil and e
water analyses. Good S »-——-:: :-"'*&‘
laboratory practices (GLPs) are ‘ !5 i s
required to be followed in this = =
room. A well-equipped soil and
water analysis room is shown in
Figure 1.7. The GLPs have been
already discussed in class XI Fig.1.7: A well-equipped soil and water
textbook. analysis room

The detailed list of glassware items (Figurel.8 a-z) and equipment (Figure 1.9
a-t) housed in analysis room.

S. No. Glassware Photographs

1. Volumetric flasks: Used for making
solutions, containing, collecting, and
volumetrically measuring chemicals,
samples, solutions, etc. for analysis.

Flask stand: Used to keep the flasks
in the laboratory.

2. Funnel: Used to pour liquids or fine-
grained substances into containers
with a small opening.

Funnel stand: Used to keep, hold or
store funnels safely and reliably
during sedimentation.

3. Beaker: It is a large cylindrical vessel
with a wide mouth which is used for
stirring, mixing and heating liquids.

Beaker stand: Used to keep the c
beakers in place.
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4. Burette: A graduated glassware used
in quantitative analysis to measure
volume of a liquid during titration. It
has a graduated glass tube with a
stopper at one of its ends.

Burette stand/clamp: The burette is
placed on a burette stand with a
clamp to fix its position.

5. Micropipette: Used to transfer a
measured volume of liquid precisely.
A disposable polypropylene tip is
attached to the micropipette to reduce
the possibility of contamination.

6. Test tubes: Used to hold chemicals
for storing, measuring and
transferring them.

Test tube stand: Used to hold the
test tubes in an upright position.

7. Multiple dispensing equipment:
Used for precise and repetitive
dispensing of chemicals.

Tilt Measure: Used to dispense
measured quantities of concentrated
acids. (2/5/10/20 ml volumes)

8. Washing assembly: Used for washing
glassware and utensils used in the
laboratory.

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT, BHOPAL



Soil and Water Testing Laboratory Assistant - Grade 12

9. Scoop: Used for transferring solids
to a weigh-paper for weighing, a
watch glass or any other glassware
like flasks, beakers etc.

Spatula and Micro-spatula: Used for
scrapping, transferring, or applying
powders and paste like chemicals or
treatments.

Forceps/Tweezers: Used to grab
small particles which cannot be
grabbed by hands.

10. Pestle and Mortar: It is a set of two
simple tools commonly wused in
laboratories for crushing and mixing
of chemicals and salts. It is made of
glass, quartz or ceremic.

11. Sieves: Used to separate soil particles
on the basis of their size. Sieve
number  indicates number  of
openings per linear inch.

12. Trays: Multipurpose equipment used
for a number of purposes like
soaking, cleaning, autoclaving,
storing, organizing, or carrying lab
products and containing spills, as
well as for staining samples.

13. Fume hood: A laboratory fume hood
is a type of ventilation system that
primarily functions to provide
personnel protection against toxic
fumes, vapours and dust. They also
protect against chemical spills and
fires by acting as a physical barrier.
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14. Hotplate: A device with a flat surface
and an internal electric heating
element that is used for generating
heat at a particular temperature.

15. Reagent bottle: Used to hold
chemical liquids and solution for
long-term storage.

16. Squeeze bottle: It is a bottle fitted
with a nozzle and used to rinse
various types of laboratory glassware

such as test tubes and round bottom
flasks.

17. Storage bottle: Used to store
chemicals and prepared reagents.

18. Lab goggles: Provides protection from
flying debris, chemical splashes,
visible and near visible light and UV
rays. r

19. Centrifuge tube with stand: Used in
centrifuge machines for separating
solutes and solvents.

20. Conical flasks: Used for holding
liquids and mixing them by swirling.
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21.

22.

23.

24.

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT, BHOPAL

Pipette: Used to transfer an exact
volume of liquid. Also used as a media
dispenser.

Measuring cylinders: Used to
measure approximate volume of
liquids. Each marked line on the
graduated cylinder measures the
amount of liquid that has been put
into it.

Beakers: A glass or plastic vessel
cylindrical in shape which is used for
holding liquids of approximate
quantity.

Petri dishes: Used to culture
different types of cells including
bacteria and molds. It often contains
a nutritional medium on which the
cells can grow.
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25. Desiccators: Sealable enclosures
containing desiccants which are
used for preserving moisture-
sensitive items.

26. Pipette stand: Used to hold pipettes
of different sizes.

Fig.1.8 (a-z): Essential glassware in analysis room

Equipment Photographs

i. Analytical balance: Highly sensitive
laboratory instrument designed to
accurately measure accurately the
weight of chemicals. It has a readability
range between 0.1-0.01mg.

ii. Electronic balance: Equipment which
is used to determine sample’s weight in
a laboratory.

iii. pH Meter: Instrument used to measure
pH of the soil and water samples.

iv. Electrical conductivity (EC) meter:
Instrument used to measure the soil
salinity or electrical conductivity of
soluble salt content.
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V. Spectrophotometer (UV and visible):
Instrument that measures the amount
of light absorbed by a sample

vi. Flame photometer: Device used to
determine the concentration of certain
metal ions like sodium, potassium,
lithium, and calcium.

vii. Kjeldahl Assembly/Nitrogen
distillation unit: This unit comprises of
different equipment assembled together
as a unit, used for analyzing nitrogen in
samples.

viii. Mechanical shaker: Used to mix,
blend, or agitate substances in a tube or
flask by shaking them in a horizontal or
circular manner.

ix. Magnetic  stirrer: Device which
consists of a rotating magnet used for
stirring or mixing a solution.

X. Hot water-bath: Equipment used to
heat samples, it consists of a heating
unit, a stainless-steel chamber that
holds the water and samples, and a
control interface. Moist heat is used to
heat any substance to avoid direct
heating.
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xi. Centrifuge: Device that uses centrifugal
force to separate different components
of a sample.

xii. Hot air oven: Electrical device which
makes use of dry heat to sterilize and
heat.

xiii. Atomic absorption

spectrophotometer (AAS): Device
used to analyze materials like zinc,
iron, manganese, copper etc., in a
solution. Specially in soil test
laboratory for estimation of micro,
heavy and pollutant elements.

xiv. Muffle furnace: A device used for
heating, enabling samples to be heat-
treated at temperatures exceeding 500-
1000 °C (1832°F) with low risk of cross-

contamination.
XV. Pressure plate apparatus: Used for
measuring soil moisture, under

controlled conditions.
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xvi.

Yoder apparatus: Device used for the
determination of wet aggregate stability
in soil.

xvii.

Lab refrigerator: These are used to cool
the samples or specimens which are to
be processed in future.

xviii.

Macro-Kjeldahl digestion block: Used
for the digestion and distillation process
during the estimation of total Nitrogen.

Xix.

Lab incubator: Device used to
maintain a stable environment for
processes such as growing cells and
microbiological cultures.

Water purification system: This
system helps in purifying water by
eliminating undesired organic and
inorganic chemical compounds.

v. Instrument room

This room in the soil and water testing laboratory is equipped with simple
instruments like pH meter, EC meter and advanced equipment like the
Atomic Absorption Spectrophotometer etc. Figure 1.10 (a, b) shows a view

of the instrument room at ICAR-IISS Bhopal.
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The instrument room is air conditioned to keep the environment dust free
as well as temperature controlled as per the requirement of most of the
sophisticated instruments. Other important considerations are that the
electric current is supplied from a 3-phase system, all instruments must
have stabilizers to ensure constant power supply and the water supply on
the laboratory should be continuous. Proper care is necessary to keep the
workplace safe and free from accidents in the laboratory.

Fig.1.9 (a-t): Essential equipment in analysis room

Fig.1.10 (a, b): Instrument room at ICAR-Indian Institute of Soil Science, Bhopal
Appendix-I

Laboratory glassware (Glass and Plastics)
Items Size/Specification

Bottle (polyethylene) 20 litres

Bottle (glass) 20 litres

Bottle (glass) for reagents with glass | Glass stoppered with various sizes
stoppers (125 ml to 2000 ml)

Bottle (glass), amber 250 ml and 500 ml

Bottle (polyethylene) — wash bottle 250 ml and 500 ml

Burettes fitted with screw-thread
stopcocks

Graduation interval (ml)

0.05 10 ml

0.05 25 ml
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0.1

10 ml

0.1

25 ml

Burette (automatic) (mounted on reservoir) Graduation interval (ml)

0.1 25 ml
0.1 50 ml
Cylinder (glass) graduated with an interval of:

0.5 ml 10 ml
1 ml 25 ml
2 ml 50 ml
2 ml 100 ml
S ml 500 ml
Crucible silica 30 ml

Desiccator (1,2 or S 1])

Water distilling unit, mounted with
borosilicate condenser, with a
capacity (output) to distil 2.5
litre /hour

Flask distilling/Kjeldahl,
bottom, long-neck

round-

100 and 250 ml

Flask (conical)

100 and 250 ml

Flask (volumetric)

Of various capacities (ml)

25, 50, 100, 250, 500 and 1000 ml

Funnel, plain, (60-degree angle)

Of various diameters like

50, 65, 75 and 100

Volumetric/Graduated Pipette

Of different capacities (ml) like
1, 2,5, 10, 25 and 50
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Porcelain dish 100 and 150 ml

Test-tube Of different capacities (ml) like 5,
10, 20, 25 etc.

Watch glass As per the requirement

Rubber stopper 15, 18, 20, 25 and 30 mm diameter

Spatula (stainless steel) with wooden | As per the requirement

handle, blade length 100 mm

Appendix-II

Methods for Estimation of Different Nutrients

Plant nutrients/forms Estimation methods

Total Nitrogen (N) Kjeldahl method

Mineralizable N Alkaline KMnO4 method

Nitrate-N (NO3z-N) Phenol disulphonic acid method

Ammonium-N (NH4-N) Indophenol blue method

NH4 and NO3-N Mineral nitrogen (2 M KCIl method)

Available Phosphorus (P) Bray’s spectrometric method No. 1 for acid
soils and

Olsen’s method for alkali soils

Available Potassium (K) Flame photometric method (neutral
ammonium acetate extraction)

Available Sulphur (S) Spectrophotometric method barium
sulphate precipitation method extraction
with 0.15% Calcium chloride.

Calcium and Magnesium EDTA titration method

(Ca/Mg)

Zinc (Zn), Copper (Cu) Iron DTPA extraction and estimation by Atomic
(Fe) and Manganese (Mn) absorption Spectrophotometric method.
Boron (B) Hot water extraction and estimation by AAS
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Hot water extraction and determination by
azomethine H colorimetric method

Molybdenum (Mo) Ammonium acetate extraction and
estimation by AAS

Ammonium oxalate extraction and
estimation by colorimetric method

Activities

Visit a nearby soil and water testing laboratory and identify different rooms
and equipment present in the laboratory as taught in the class.

Requirements: Soil and water testing laboratory, notebook, pen.
Step by step process:

e Go to the nearby laboratory with your teacher.
e Identify the different rooms and equipment present there.
e Make a note of it and discuss in the class amongst yourselves

Check Your Progress
Multiple Choice Questions
1. The main purpose of soil and water testing is
a) Determine fertilizer requirement to optimize crop yield
b) Determine crop quality
c) Determine lime requirement
d) All of the above
2. The soil and water testing laboratory is used for
a) Providing extension advisory service to the farmers
b) Develop report for fertilizer recommendation to different soil and crops
c) Advise methods for improving soil health
d) All of the above
3. The room used for soil sample processing should be
a) Well ventilated
b) Temperature of about 25°C — 35°C
c) Both of the above
d) None of the above
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4. To prevent cold injuries in the freezer room the following aid is required

a) Gloves

b) Goggles
c) Shoes
d) All of the above

5. Main purpose of storage of soil sample in freezer room (<O to -20°C) is

a) Soil biochemical analysis

b) Soil chemical analysis

c) Both of the above

d) None of the above
Fill in the Blanks

1

5.

. To remove stones/large pieces of debris soil is sieved through .......

sieve.

JAtrue o sample is the one which represents the actual

conditions of the study area.

. Soil are kept at ....... °C for soil microbial analysis.
e soil is used for chemical analysis of soil mineral (ammonical

and nitrate) nitrogen.
Kjeldahl assembly is also called ................... distillation unit.

True or False

1.
2.

S.

Instrument room should be dust free and air conditioned.

2-3 drops of toluene is used to prevent microbial growth during the
storage water samples.

. Lab refrigerators are also useful in prepared standard solution and

thermolabile chemicals for future use.

. It_is not mandatory to follow GLPs in the soil and water sample

analysis room.

Micropipette is an essential item in analysis room.

Session 2: Collection and Processing of Soil and Water
Samples

The method and procedure for obtaining soil samples vary according to the
purpose of sampling. Soil and water analysis is needed for agricultural and
engineering purposes.

In this session, we are going to learn about the different steps involved in soil
and water testing such as collection methods: selection of site in the field,
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collection of soil and water samples, processing of samples, their labeling and
storage and sample registration and retrieving.

2.1 Collection of soil and water sample

As you already know by now,
the purpose of soil testing is Do you know!

fertility evaluation and fertilizer Weight of surface soil sample (0-15 cm
depth) is about 2 million kg/ha. It is

humanly impossible to analyze this much
of soil. This can be achieved only by
appropriate sampling techniques. Thus,
proper sample collection is the first right
step in this direction. Therefore, even
systematic analysis may not give correct
water analysis for different and representative results if sampling is
purposes like irrigation, faulty.

domestic and drinking. About

400-500ml water sample is

sent for analysis to the

laboratory.

recommendations for the given
soil for the crop to be grown.
Depending on the purpose of
analysis, about 100 g of soil is
used. Similarly, the water
suitability is known through

2.2 Purpose of soil testing

Intensive farming practices including ‘high and injudicious application of
fertilizers, pesticides and other inputs leads to nutrient imbalance,
deterioration of soil health and‘ declining crop productivity. Therefore,
nutrient management of soils based on testing has emerged as an important
approach for sustaining agricultural productivity and soil health. Following
are the major purposes of soil testing:

e To ascertain the available
nutrients’status in soils. Do you know!
The soil fertility map is used

e To study the type and extent for

of ‘problem for reclaiming
and ameliorating the
problematic soils.

Delineating areas of nutrient (e.g., N, P,
K) sufficiency or deficiency and
determining their requirements for the
e Soil testing summarizes the  deficient areas.

fertility status as “High?”, Studying changing patterns of soil

“Medium” or “Low” for the fertility due to crop cultivation over a

available nutrients. period of years.

Recommend fertilizer, manures,

ameliorant like lime and amendments
fertility map to describe the  jike lime and gypsum.

status of soils in a given state
or a district.

e To evaluate and prepare the
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i. Sampling tools and accessories

Depending upon the purpose and precision of
soil sampling following tools may be needed:

e Soil auger- it may be a tube auger, post
hole or screw type auger or even a spade
for taking samples (Fig 1.11).

e A clean bucket, a tray, a clean cloth
sheet or polythene sheet for mixing the
soil samples.

e Cloth bags of specific size for sample
collection.

e Observation notebook, pencil for
marking and tags or aluminum labels

for tying cloth bags. Fig.1.11: Soil auger

e Soil sample information sheet (Fig. 1.14).
2.3 Selection of sampling locations

Intensive farming practices including high application of fertilizers, pesticides,
ameliorants and other amendments. Figure 1.12 shows the different steps
involved in the sampling process.

Demarcation Each of which

of the field

Visual

must be sampled
separately

survey

e A visual survey of
the field is done to
observe variation in
slope, colour, texture
and agricultural
management and
cropping pattern by
traversing the field.

e Divide the field into
different units based
onthe visual survey.

If the fields are
uniform then collect
one composite
sample. If the field
has heterogenous
units then collect
one composite
sample from each
unit.

Fig. 1.12: Steps involved in sampling

2.4. Soil sample collection

An important step in obtaining accurate soil tests is collecting a representative
sample in the field. The following steps are taken while collecting samples:

e Divide the field into small areas so that each sample represents an
area of approximately 1 hectare.
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e Uniform fields are sampled in a simple random pattern across the
field.

e Prepare a map of the area to be covered showing different sampling
unit boundaries by indicating different symbols or alphabets like A,
B, C etc.

e Each area is traversed separately. A slice of the plough-layer is cut
at intervals of 15 to 20 steps or according to the area to be covered.

e Use a spade or khurpi or trench hole for taking samples with a V-
shaped hole to a plough depth of 15 cm. (Refer class XI textbook for
detailed information). While sampling for fruit, cultivation.soil from
deeper layers 0-15, 15-30 cm should be collected.

e Cut 1.5 cm thick slice of soil from top to bottom of the exposed face
of the V-shaped hole. (Figure 1.13)

6 inches

V-shaped hole
(15 cm)

1 inch/2.5 cm

Fig. 1.13: V-Shape cut for soil sample collection

e Collect the soil in a clean bucket or tray or polythene sheet.

e Generally, 10 to 20 samples are taken to make one composite
sample depending on the size of the field.

e Thoroughly mix the soil samples collected from these spots/fields.

e Put the soil from the bucket on a piece of clean paper or cloth and
mix thoroughly.

e Spread the soil evenly on the piece of clean paper or cloth and divide
it into 4 quarters.

e Reject two opposite quarters and mix the rest of the soil again.
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e Collect only 500 to 1 kilogram soil samples and discard remaining
samples by quartering process.

e Collect it and put in a clean cloth bag with proper labeling.
e Write the details about the samples in an information sheet.

e The format of soil sample information is given in Figure 1.14. Put a
copy of this information sheet in the sample bag and ties the mouth
of the bag carefully for transportation to the nearby soil testing
laboratory.

Sample No.....cocooevveiiiiinann..
Name of the collector.............
Name of farmer..................... Date......ccceuenene.
Farm SiZe......coooiiiiiiii e

Address......cooevviiiiiinan.. Village........coceveennnens
Post office............. BlocKk......ccovvennn....
District....ccoovvviiiiiiiiiinnn. State...coovveiiiiiiinnnn..

Vegetation COVeT......ooeiiiiiiiiiiiiiiiiiiiieienen.
Source of water .........coiiiiiiiiiiiiii
Water quality......cocoeiiiiiiiiiiiiiiiiiiiieea,
Depth of sampling (Cm)......cccoueeveiniiineininennn..
Previous Crop..co.cie i

Slope or topography- level/sloping/ undulating

Elevation............c.coeeeeinenn.. Upland/ lowland
Drainage.........c.coceueuenen. Well drained/ moderate/ impeded
Irrigation..........cooeveiiinnne. Irrigated /unirrigated (rainfed)

Source of irrigation................ Well /tube well/ canal/ pond

Type of soil....cccoeveiiiiniiinan.n. Sandy/loamy/ clayey

Special soil conditions............ Hardpan layer/rocky subsoil/
Cropping Details.........cccevvviiiinnee. Crop variety Yield (kg/ha) Seed

rate (kg/ha) For previous years 1. 2. For proposed years 1. 2.
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Purpose of | Land capability assessment Slope: 1-2 percent
analysis: Fertility evaluation and fertilizer 2-5 percent
recommendation 5-10 percent
Salinity appralsefl gnd 'causes of 10-25 percent
the source of salinity, if known
i i i > 25 percent
Soil classification
Irrigation Flood Year of irrigation:
method Never irrigated
Furrow 1-5
Sprinkler S5-15
Drip
Rainfed
Years of Never cultivated Drainage: Good
cultivation
1-5 Moderate
5-15 Poor
>15

Manure used in the previous crop and dose (t/ha)

Fertilizers used in the previous crop and dose (t/ha)

Fig 1.14: Example of a soil sample information sheet

e The bag used for sampling should be clean and free from any
contaminants. The same bag can be used second time, if is turned
inside out to remove the soil particles.

e The different steps involved in the soil sampling process

( Quartering \

“Quartering” is an important process in representative soil sample collection. In
quartering, divide the mixed soil into four equal parts and discard two opposite parts.
Then, remix the remaining two quarters and divide it into four parts. Reject two parts
again and repeat this procedure until about 250-300 g of soil is left for collection.

& J
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i. Time of sampling

Collect soil samples from the fields after harvest and before planting
the next crop.

Collect samples as close to the sowing season as possible to obtain
for estimation of available nitrogen.

Sampling in the fields is done at the same time each year or
alternate years to get more consistent results.

For available nutrients determinations, soil samples are collected in
every two to three years.

ii. Precautions in sample collection

Do not collect soil samples from unevenly fertilized land or
immediately after fertilizer application, close to irrigation channel,
field bunds, trees and site of previous compost piles in the field.

For soft and moist soils, use tube auger or-spade.
For hard soil, use screw auger.

For standing crops in the field, collect samples from the middle of
the rows to avoid the area where fertilizer is applied.

Avoid any type of contamination at all stages.

Soil samples are never stored with fertilizer materials, detergents
or any other chemicals.

Information sheet should be clearly written with pencil/pen.

iii. Sampling of salt affected soils

To characterize the salt affected soils we need to collect both surface and
sub-surface samples. Surface soil (0-15 cm) samples are collected in the
same way as mentioned above. These collected samples are used to
determine gypsum requirement of the soil. For reclaiming salt affected
soils, ‘it'is important to know the properties of lower depth soils (sub-
surface soils). Such soils are sampled to a depth of one meter using the
soil auger.
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Note: Information sheet of salt affected soil

The information sheet for salt affected soils contains the followings:

e Soil hardness and permeability.

e Salinity cause and source, if known.

e Relief, seasonal rainfall, irrigation.

e Frequency of waterlogging, and water table depth.

e Soil management history, crop species and conditions of plant
cover.

e Depth of the hard pan or concretion.

e Time of irrigation, amount of irrigation or rain received prior to
sampling.

2.5. Methods of water sample collection

Following procedure is followed while collecting water sample:

Collect a representative water sample (500 ml) in glass or
polyethylene bottle properly washed/rinsed with the same water (2-
3 times).

Avoid including the floating ‘debris or any other contaminant while
collecting the samples.

Label the sample properly such as source of water, date of collection
and the type of analysis required.

Send the sample to the nearby laboratory as early as possible.

In case of'low concentration of anions such as S0O42- and NO33-in
irrigation water, collect 1-2 litres of sample.

Evaporate the sample in a water bath (at 60-70°C) to get about 100
ml to obtain their detectable amounts of these ions etc.

2.6. Dispatch of samples to the laboratory

Before sending soil or water samples to the testing laboratory, the following
instructions are followed:

Ensure proper identification marks (Sample ID) on the sample bags
or containers.

Place soil/water information sheets or labels in the bags.

It is essential that sample ID/details are written by copying pencil
or permanent marker. Avoid using ink pens while labeling.

Compare the number and details on the bag with the dispatch list.
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e Pack the samples properly in wooden/cardboard boxes/poly bags
as they are most suitable for long transport.

e Pack soil sample bags in clean container for packing.

An organized receiving system is required in the soil and water
testing laboratory to ensure prompt receipt of samples from
different stakeholders like farmers etc.

2.7. Precautions taken after sample collection

e Do not leave samples in vehicles after collection. Samples are to be
submitted to the laboratory as soon as possible.

e Store soil samples properly to protect them from contamination.
e Do not expose soil samples directly to the sun.

e Do not apply heat using hot air ovens or microwave oven. A fan may
be used to speed up the drying process.

e Samples are air-dried by spreading out on clean white paper or
plastic sheets under shade.

Why nitrogen analysis is done on the same day of sampling?
Soil samples collected for nitrate-N analysis are dried on the same day they are
sampled. The samples are kept in the freezer/ refrigerator if drying is not possible
on the same day. Failure to do so will result in higher nitrate readings due to
mineralization of organic N (conversion of organic to inorganic form of nitrogen). This
may result in less fertilizer N being recommended than is actually needed for a
particular crop.

2.8. Processing of soil sample

After sample collection, different steps involved in processing of soil samples
are described below:

i. Handling in the laboratory

e . As soon as the samples are received at the soil testing laboratory,
they are matched, and cross checked with its data information
sheet.

e All unidentifiable samples are discarded.

e Information regarding samples is entered in a register and each
sample is given a fresh laboratory number.

ii. Drying of samples

e Received fresh soil samples are air dried for 2 to 3 days under shade
and open space in the laboratory.
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While drying, the trays are numbered or plastic tag is attached. The
soils are then air dried.

In general, excessive drying, such as oven drying of the soil, affects
the availability of most of the nutrients present in the sample and
should be avoided.

iii. Post drying care

After drying, the samples are taken to the preparation room which
is separated from the main laboratory.

Plant materials (leaves and roots), pebbles, concretions and stones
are removed before grinding.

Air dried samples are ground with a wooden pestle and mortar so
that the large soil particles are crushed into finer particles and
passed through a 2 mm sieve.

The coarse portions on the sieve are returned to the mortar for
further grinding.

Repeat the process of sieving and grinding till all aggregate particles
are fine enough to pass through 2 mm sieve.

2.9. Labeling and storage of soil samples

The soil samples are properly labelled with sample ID and stored in
cardboard boxes in sample room.

These boxes are numbered and arranged in an orderly manner in a
soil sample room.in a particular sequence (e.g., a, b, ¢/ 1, 2, 3 etc.)

2.10 Sample registration and retrieving

Along with each soil sample, sampling information sheet describes
the location, cropping history, management practices followed and
crops to be cultivated etc.

Assign the sample analysis number and enter it in the laboratory
register or computer aided records (data sheet).

Field moisture content must be estimated in un-dried sample or to
be preserved in a sealed polythene bag immediately after collection.

Estimate the moisture content of sample before every analysis to
express the results on dry weight basis.
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Activities

Go to a field with your teacher and demonstrate how you will collect the soil
samples with the help of an augar/spade/trench/hoe/spoon for sandy soil

Requirements: Selection of field, augar, carry bags, markers.
Step by step process:

e Go to a nearby field to collect soil samples.
e Demonstrate the process of soil sampling by making use of an augar
or any other implement to your teacher as taught in the class:

Check Your Progress
Multiple Choice Questions
1. Which of the following is called soil sampling tool
a) Soil auger
b) Khurpi
c) Spade
d) All of the above
2. Screw auger is used for which soil
a) Hard clay soil
b) Sandy soil
c) Waterlogged soil
d) None of the above

3. Generally, the V-shaped cut (15 cm) for soil sampling is made in the soil
with the help of

a) Soil auger
b) Spade
c) Khurpi
d).None
4. When quartering of soil is done for two rounds its volume is reduced by
a)1/2
b) 1/4
c)1/8
d) 1/10
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5. The usual timing for soil sampling in the field is

a) Before planting of crop

b) After harvesting of the crop

c) Both of the above

d) None of the above
Fill in the Blanks

1.

4.

5.

The testing of salt affected soil is done to determine the............
requirement of the soil

. Water sample is collected in a polyethylene bottle after it is properly

rinsed with ........... water repeatedly.

. In case of low amount of anions or elements present in the water

samples it is allowed to................
The tag containing detailed information about the collected sample is
called ..............

The grinding of the big soil particles or clods is'done by ......................

True or False

el

Salt crust on surface soil is developed in acid soil.

Soil sample in storage should not be exposed to sunlight.

Fresh soil samples are generally dried at oven for chemical analysis.
Soil samples are properly labelled with sample ID for ease of its access
and testing.

. Too wet soil samples are not kept in the storage room.
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Module 2

Instrument Calibration, Maintenance
and Reagent Preparation

Module Overview

Most of the instruments and equipment used in soil and water testing
laboratories manufactured by industries have their own calibration and
factory settings. However, those calibrations may not be applicable foryour
purpose. Therefore, we need to calibrate the equipment using ‘standard
methods and procedures to get maximum accuracy in the analysis. In this
Module we will learn about instrument calibration, maintenance and reagent
preparation to get accurate results.

Learning Outcomes
After completing this module, you will be able to:

e Explain the procedures for preparing primary and secondary standard
solutions, including accurate measurement, dilution techniques, and
ensuring solution stability.

e Describe the methods for calibrating and maintaining instruments in a
soil and water testing laboratory, ensuring accuracy, reliability, and
longevity of equipment such‘as pH meters, spectrophotometers, and
titrators.

Module Structure

e Session 1: Preparation of Primary and Secondary Standard Solutions
e Session 2: Calibration and Maintenance of Instruments in Soil and
Water Testing Laboratory

Session 1: Preparation of Primary and Secondary Standard
Solutions

1.1 What is a solution?

A solution is defined as a homogenous mixture of two or more substances.
One of the simple examples of a solution is sugar or salt dissolved in water.

Sugar solution = Solute (sugar) + Solvent (water) (Figure 2.1)

Solute
- o

. ®

e
:-J
Solvent Solution

Fig. 2.1: Formation of a solution
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1.2 Reagents

A reagent is a substance or compound added to a system to start a chemical
reaction, or to detect the presence or absence of another substance. For
example: Sodium hydroxide (NaOH), Hydrochloric acid (HCIl) which are used
to detect the presence of acids and bases, whereas reagents like
Fehling's reagent, Millon's reagent, Tollens' reagent, Acrolein reagents are
used to detect biochemical compounds such as carbohydrates, proteins and
fats respectively. Some of the commonly used reagents in soil and water
testing laboratory are Potassium di-chromate (K2Cr207), Ferrous ammonium
sulphate [Fe(NH4)2SO4], Ammonium acetate (CH3COONH4), Sodium bi
carbonate (NaHCQO3), Sulphuric acid (H2SO4), Nitric acid (HNO3), Hydrochloric
acid(HCl)etc.

1.2.1 Primary standards

A primary standard is a reagent that is highly pure, stable with a formula
that does not change when exposed to atmosphere and has high molecular
weight. Primary standards are used to calibrate other reagents. These
calibrated reagents are referred to as working standards.

For example:

1. Sodium carbonate (NaxCOg) is used as a primary standard which is
used for the standardization of hydrochloric acid (HCI).

2. Suppose we need to prepare.a -series of concentrations of a reagent like
NaCl with varying strengths i.e., 0, 5, 10, 20, 50 and 100 ppm (parts
per million). For this first we need to take 100 mg (0.1 g) NaCl in 1 liter
of distilled water which will give 100ppm of NaCl solution. This is known
as the stock solution or standard solution. Now from this if we take 5
ml of solution. and add water to make 100 ml this will give a Sppm
solution. Similarly, 10 ml gives 10 ppm solution and so on.

3. In analytical chemistry, the primary standard is used for calibration of
secondary standard.

Characteristics features of a primary standard include:

High grade of purity (> 99.98%),).

e They are extremely stable (low reactivity).

e Low hygroscopicity (anhydrous form and no weight changes due
to relative humidity).

e High equivalent weight (negligible weighing errors).
e Ready to use and easily available.

e Preferably non-toxic (less harmful form).
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Examples of primary standards for titration of solutions:

These are materials which, after drying under the specified condition, are
recommended for use as primary standards in the standardization of
unknown solution.

Examples of primary standards used:

1. Acid-base titrations: Potassium hydrogen phthalate (CsHsKOa4),
Anhydrous sodium carbonate (NaxCO3).

2. Redox- titrations: Arsenic trioxide (As203), Sodium oxalate (Na2C204),
Potassium bromate (KBrOs), Potassium dichromate (K2Cr207) etc.

3. Precipitation titrations: Sodium chloride (NaCl).

Table 1 shows the different types of titrations.

Table 1. Types of Titrations

Types of

Examples of secondary standard
titration

e Hydrochloric acid (HC])

1. Acid base e Sulphuric acid (H2SO4)
titration e Sodium hydroxide (NaOH)

e Perchloric acid (HClO4)

e Potassium permanganate (KMnOa)

2. Redox e Ceric ammonium sulphate [Ce (NH4)2(SO4)2.
titration 2H0]

e Sodium thiosulphate (Na2S,03:5H,0)

e Ammonium thiocyanate (NH4SCN)
3. Precipitation

e e Potassium thiocyanate (KSCN)

e Mercuric nitrate [Hg (NO3)2]

4. Complexometr e Sodium salts of EDTA [C10H14N2NazOsg|
ic titration e Lead nitrate [Pb (NOg)2]
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The uses of primary standards are depicted in the following figure 2.3.

Standardization
of volumetric
solution

Uses of Standardization

rima of titration
ot P ry solution

o
or to calibrate
EATe TRl standard

instruments

Calibration
of secondary
solution

Fig. 2.3: Uses of primary standards

Volumetric solutions are the solutions of reagents of known concentrations,
primarily used in quantitative determination where as a titrant is the solution
added to react with the analyte (whose concentration is being determined).

1.2.2 Secondary standards

Secondary standard is a chemical that has been standardized against a
primary standard which is used in specific analysis in soil and water testing
laboratory. A secondary standard is a chemical or reagent which has certain
properties such as:

e It has less purity than primary standard.
e Less stable and more reactive than primary standard.
e [ts solution remains stable for a long time.

e Titrated against primary standard.
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The uses of secondary standards are depicted in the following Figure 2.4.

Secondary standards
are commonly used to
standardize analytical

techniques and
calibrate equipment

Uses of

secondary
standard

They are used in
laboratories for the
preparation of
reagents, kits and
quality control
material

They are used for the
measurement of
unknown
concentration of a
substance

Fig. 2.4: Uses of secondary standards
Uses of secondary standards

1. Secondary standards are commonly used to standardize analytical
techniques and calibrate equipment.

2. It is used for the measurement of unknown concentration of a
substance.

3. Itis used in laboratories for the preparation of reagents, kits and quality
control material.

Table 2 shows differences between primary and secondary standards.

Table 2. Difference Between Primary and Secondary Standards

Properties Primary standards Secondary standards
Solution Made out of primary Made out of secondary
standards standards
Purity Solutions are extremely pure | Solutions are relatively
(about 99.9%) less pure than primary
standard

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT, BHOPAL



Soil and Water Testing Laboratory Assistant - Grade 12

Reactivity Less or non-reactive Relatively more reactive

Hygroscopicit | Primary standards are not Secondary standards

y or water hygroscopic. may be hygroscopic

absorption

Uses To standardize secondary Used for the preparation
standards and other of reagents, kits etc.
reagents

Do you know!

Auto-oxidizing agent: Potassium permanganate (KMnO4)is a secondary standard
and a good oxidizing agent. Due to its reactivity, it itself gets oxidized to form
manganese oxide (MnOs) which may contaminate its chemical composition.

Hygroscopic chemicals: Some of the chemicals absorb moisture from the
atmosphere and become moist and are known as hygroscopic. Example: Sodium
hydroxide (NaOH). As soon as the bottle containing NaOH is opened, it starts
absorbing moisture from atmosphere and within no time it becomes moist or
hydrated. This you can test yourself in the laboratory as described in the activity
below.

Try it yourself:
Take the NaOH bottle near an analytical balance.
Place a Petri dish and make its weight as zero (by using the tare button).

Now open the container and place little NaOH flakes or pellets on it and
quickly note the weight.

Now keep the glass windows of the analytical balance open for few
minutes.

Observations:

Notice the gradual increase in its weight in terms of milligrams (mg) units.
This is because NaOH flakes or pellets absorb water molecule from air.

1.3 Standard solution

Standard solution means a solution which contains a known concentration
or weight of an element or reagent or substance in a definite volume of a
solution. A standard solution is prepared by dissolving an accurately weighed
quantity of highly pure substance in a definite volume of solvent.
Concentration of solution can be expressed in different ways namely
normality (N), morality (M), molality (m), percentage (%), parts per million
(ppm), parts per billion (ppb) etc.

For example: To make 1% NaCl standard solution, take 1g of NaCl in a 100ml
volumetric flask and make up volume to 100 ml mark. This creates a 1% NaCl
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standard solution. Accurate weighing is a very important step in preparing
different concentration (strength) of solutions e.g. : 1 g means exactly 1.000 g
and not 1.008 g or 1.080 g etc. (Figure 2.5).

100 ml

B

y -4 volume
Ansytest Resgent mark

Sodium chioride
—— 431002/
1 g NaCl 1% NaCl standard
solution
Fig. 2.5: Preparation of 1% NaCl standard solution.

Purposes of standard solutions in titration: Figure 2.6 shows the different
purposes of standard solutions in titration reaction.

To provide a reference for determination of unknown concentration

To standardize volumetric solutions

To prepare a secondary standard

To calibrate an instrument

Fig. 2.6: Purposes of standard solutions in titration

Types of standard solutions: There are two types of standard solution as
described:

1.3.1 Primary and secondary standard solutions

Reagents and standard solutions are the core of analytical chemistry. The
accuracy, repeatability and precision of chemical analysis of soil and water
quality depend upon the accuracy of the reagents and standard solution.

An accurate known mass of a primary standard is dissolved in a suitable
solvent in a definite volume is called ‘primary standard solution’. Similarly,

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT, BHOPAL



Soil and Water Testing Laboratory Assistant - Grade 12

a known volume of secondary standards preparation in a definite volume is

called ‘secondary standard solutions.

e In analytical chemistry,
primary and secondary
standard solutions are used
for volumetric (quantitative)
analysis.

e These are used to determine
the concentrations of other
substances, such as solutions
in a titration.

f Fun fact \

Vinegar, a common flavoring agent
used in industries as well as in
cooking, is an aqueous solution of
acetic acid and trace chemicals that
acts as flavoring agent which typically
contains 5-8% acetic acid by volume.

\_ )

corresponds to its “true” value.

/ Difference between accuracy and precision in measurements \

Accuracy: Accuracy refers to how closely the measured value of a quantity

Precision: Precision expresses the degree of reproducibility or repeatability in
an analysis/experiment/study. For better precision, a greater number of
measurements are required which will minimize the errors.

/

Basic terminology in soil and water.analysis

1. Molecular weight: Molecular weight is a measure of the sum of
the atomic weight of all the atoms in a molecule.

e It is unitless, may be expressed in terms of atomic mass unit (amu)

or Daltons (Da).

e The terms molecular mass, molecular weight, and molar mass are

often used interchangeably. For example, the molecular weight of
water (H20), which has two atoms of hydrogen and one atom of

oxygen, is 18 (i.e., 2 + 16).

2. Molar mass: It is defined as the mass in g of 1 mole of the substance.

It is generally expressed in g/mol. A mole of any substance includes
6.022x1023 molecules (i.e., Avogadro’s Number)

Mathematically, the defining equation of molar mass is:

Molar mass = mass/mole = g/mol
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What is Avogadro’s Number?

It is the number (6.022%x1023), named after the Italian scientist Amedeo

Avogadro, that is constituent particles of one molecules, atoms or ions of
any substance.

Solved example 1: Calculate the molar mass of 100 g of NaCl
(molecular mass of Na is 23 g and Cl is 35.5 g)

Solution: Molecular mass of NaCl is = 23+35.5=58.5¢g
therefore, in 1 mole of NaCl = 58.5 g
So, in 100 g NaCl, the molar mass = 100/58.5 =1.709 g

Solved example 2: Molecular weight or molar mass calculation of
methane (CH4) gas.

Standard Number of Total molar mass (g/mol)
atomic weight atoms or molecular weight (Da or g/mol)
C 12.011 1 12.011
H 1.008 4 4.032
CHq4 16.043

In the similar way you can calculate the molar mass of any molecule.

f Do you know! \

Atomic mass and the molar mass of carbon-12 are numerically equal. They
differ only in units; atomic mass is measured in atomic mass units, and molar
mass is measured in grams per mole.

The mass of one mole of carbon-12 atoms is exactly 12 grams; its molar mass
is exactly 12 grams per mole /

3. Equivalent weight: It is also known as gram equivalent, is the mass of
one equivalent of a given substance which will combine with or displace
a fixed quantity of another substance.

Different aspects of equivalent weights

e It is measured by the atomic or molecular weight of a compound
divided by its valency.

Valency: It is the ability of an atom to gain or lose electrons in order to achieve

the noble gas [Helium (He), Neon (Ne), Argon (Ar), Krypton (Kr), Xenon (Xe) and
Radon (Rn)] electronic configuration.
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e with or displaces 1.008 gram of hydrogen or 8.0 grams of oxygen
or 35.5 grams of chlorine.

e These values correspond to the atomic weight divided by the
usual valence; for oxygen as example thatis 16.0g / 2 = 8.0 g.

e For acid-base reactions, the equivalent weight of an acid or base
is the mass which supplies or reacts with one mole of hydrogen
cations (H*) or one mole of hydroxyl anions (OH").

e For redox reactions, the equivalent weight of each reactant
supplies or reacts with one mole of electrons (e7) in a redox
reaction.

e The equivalent weight of a compound can be calculated by dividing
the molecular mass by the number of positive or negative electrical
charges that result from the dissolution of the compound.

4. Molarity (M): It is defined as the number of moles (n) of solute/analyte
in a litre (L) of solution.

e Molarity is used to calculate the volume of the solvent or the
amount of the solute.

e The molarity of any given solution is a method for knowing the
specific elements or compounds.

n
Molarity (M)= ——
\'

Where, n = number of moles of the solute,
V= volume of the solution

Solved example 1: Calculate the molarity of solution prepared by
mixing 2.0 g of NaCl in 500 ml of water

Calculation:

2.0 g NaCl (1 mole of NaCl is58.5 g NaCl) = 2/58.5 = 0.0342 moles
of NaCl

Now, 500 ml water = 0.5 L of solution

Then, M= n/V= 0.0342/0.5 =0.0684 mol/L

Do you know!

Similar to molarity (M), the molality (m) is defined as the number of moles of solute
per kilogram of solvent.
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5. Normality (N): It is defined as the number of 1 g equivalent weight of
solute per litre of solution.

e Common units of normality include N, eq/L, or meq/L.

e Normality is a measure of concentration equal to the gram
equivalent weight per litre of solution.

e Gram equivalent weight is the measure of the reactive capacity of
a molecule.

6. Mole fraction: The mole fraction or molar fraction is defined as unitof
the amount of a constituent (expressed in moles), divided by.the total
amount of all constituents in a mixture (also expressed in moles). This
expression is given below:

Unit amount of mole of a constituent
Mole Fraction (m) =

Total number of moles of all constituents (moles/moles)

e The sum of all the mole fractions is equal to 1.

e The same concept expressed with a denominator of 100 is
the mole percent, molar percentage or molar proportion (mol %).

e Mole fraction is a ratio of moles to moles whereas molar
concentration is a quotient of moles to volume.

7. Percentage (%): It is a number or ratio expressed as a fraction of 100,
e A percentage is a dimensionless number (pure number).
e [t has no unit of measurement.

Solved example: 4 g of NaOH dissolved in 100 ml of distilled water
gives 4/100 * 100 = 4 % NaOH solution.

8. Parts per million (ppm): It is a way of expressing very dilute
concentrations of substances and expressed as milligrams per litre or
parts per million (mg/L or ppm).

Do you know!
ppm=mg/liter =ug/ml
1 ppm =1000 ppb

Solved example: A solution containing 10 mg of KCl/ litre of solute is
10 ppm KCI solution. Similarly, 10 micrograms of KCI per millilitre of
solution is 10 ppm KCI solution.
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How to convert percentage to ppm and vice-versa

The percent (%) may be converted to parts per million (ppm) by multiplying with a
factor 10,000 or 104. In order to express the results as a percent, divide the nutrient
content (which is expressed in ppm) by 10,000.

For example: If the reported value for P>Os is 2,690 ppm, the calculation to
convert to percent would be:
2,690 ppm + 10,000
= 0.269%.

Composition by weight (w) and volume (v) is a measurement of
the concentration of a solution is represented as w/v (%)

To calculate w/v (%) concentration:

Mass of solute (g)
W/V (%) = x 100
Volume of solution (mL)

e Common units for w/v % concentration is g/ 100 mL (%).

e Solubilities are sometimes given in units of grams of solute per
100 mL of water, i.e., as a weight/volume percentage
concentration

e Note: weight/volume is a useful concentration measure when
dispensing reagents.

9.1 Percentage composition by weight: The concentration is
expressed in terms of the gram of solute per 100 g of solution.

e.g., 10% KCI solution is prepared by dissolved 10 g of the salt in
90 g of water.

9.2 Percentage composition by volume: The concentration is
expressed in terms of volume of the solute and solvent.

e.g. 25 g of solution of methanol is prepared by mixing 25 ml of
methanol with 80 ml of water. [Density =mass/volume; density of
methanol is 0.7918 g per 1 ml|
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Table 3: Preparation of Commonly Used Standards in Soil and Water
Testing Laboratory

To prepare 1000 ml (1 litre) of 0.1N

solution (approximately) of secondary
standards

To standardize with
primary standards [A.R.
grade]

Sodium hydroxide (NaOH)

4.0 g to be dissolved in water and make up
the volume to 1 litre (L).

Potassium hydrogen
phthalate (0.1 N)

Dissolve accurately 5.105 g
of potassium hydrogen
phthalate in water and
make up the volume to 250
ml.

Potassium hydroxide (KOH)

Dissolve 5.7 to 6.0 g of KOH in water and
make the volume up to 1litre.

Succinic acid (0.1N)

Weigh 5.9 g of succinic acid
to be dissolved in water to
make up the volume to 1
litre.

Silver nitrate (AgNO3)

Dissolve accurately 16.989 g crystallized
(A.R.) AgNOgsin water & make up the volume
to 1 litre.

Sodium chloride (0.1N)

Weigh 5.486 g of sodium
chloride and dissolve in
water to make up the
volume to 1 litre.

Sulphuric acid (H2S04)

Dilute 2.8 ml of conc. 36N H2SO4 to 1L (36N
x?ml=0.1 Nx 1000) = 2.8 ml OR
considering the gram equivalent wt., purity
and Specific Gravity of the H2SO4, dilute
calculated amount of HoSO4 in distilled
water and make up to 1llitre.

Hydrochloric acid (HCI)

Dilute 8.33 ml of conc. 12.0 N HCI to 1 litre
of distilled water. (12N xx ml = 0.1 N x
1000) = 8.33 ml

Nitric acid (HNO3)

Sodium carbonate (0.1N)

For this weigh exactly 5.29
g of dry sodium carbonate
and dissolve in water and
make the volume up to 1
litre.
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Dilute 6.3 ml of conc. 16N nitric acid to 1
litre of distilled water.

Activities

Prepare a 1 litre of 1 N NaOH solution in your laboratory.
Requirements: NaOH, Volumetric flask and distilled water.
Step by step process:

1. Weigh 40 g of NaOH.

2. Dissolve this in 1 litre of water (1000ml) in a volumetric flask.
3. This will give 1N solution of NaOH.

Similarly, you can prepare 1000 ml of 2N solution by dissolving 80 g of
NaOH.

Check Your Progress
Multiple Choice Questions
1. Examples of primary standards used for redox titration is
a) Arsenic trioxide (As203)
b) Sodium oxalate (Na2C204)
c) Potassium dichromate (K2Cr207)
d) All of the above
2. Standard prepared from sodium hydroxide is
a) Primary standard
b) Secondary standard
c) Both of the above
d) None
3. The molecular weight of water (H20)
a)-14
b) 16
c) 18
d) 20
4. The sum of all the mole fractions is equal to
a)l
b) 100
c) 1000
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d) None

5. 0.1 N of NaOH solution contains
a) 0.4 g of NaOH /litre
b) 4 g of NaOH /litre
c) 40 g of NaOH /litre
d) None of the above
Fill in the Blanks

1. Calibration is the process of configuring an instrument to provide a
precise result for a sample within an ......................... range.

2. Solution = ............ + Solvent.

3. A reagent is a substance or compound added to'a system to start a

............... reaction.
4. Sodium carbonate (Na2COs3) is used as a ...:cc.euvenennen.. standard.
5. The mass of two mole of carbon atoms is exactly ................ grams.

True or False

Primary standards have low grade of purity and extremely unstable.
H>SOq4 is called as primary standard.

1%=100 ppm.

ol A

A highly precise «sample has lower degree of reproducibility or
repeatability in-an analysis.

5. Molarity is defined as the number of moles (n) of analyte in a litre (L)
of solution

Session 2: Calibration and Maintenance of Instruments in
Soil and-Water Testing Laboratory

2.1 Calibrate and maintain instruments for analysis

Calibration and maintenance are crucial steps in the proper functioning of
any laboratory instruments/equipment. In this process, we detect any
deviation in the instrument accuracy and eliminate them by correlating and
adjusting with reference to standard with known accuracy.

2.1.1. Calibration and maintenance of instruments in soil and water
testing laboratory

Calibration and maintenance are meant for effective and accurate working
of laboratory instruments/equipment. We ensure that an instrument
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reading is accurate with established standards and reference materials
through calibration. The calibration is needed under certain circumstances
as shown in the Figure 2.7

The calibration procedures vary with the instrument types and their models.
In this session, we will learn about the method of calibration and
maintenance of standard laboratory instruments.

With a new

instrument
After sudden
shock,
vibration and After specific
instrument time period
shutdown
Need for
calibration
Sudden. After specific
e operative
weather hours
After
erroneous
result

Fig.2.7: Need for instrument calibration

Daily calibration is often required for better performance of weighing

balance.

a. Pre-requisite of calibration procedure:

Weighing balance should be placed at a horizontal platform. It
may be checked through the attached spirit level or bubble level.

Record the technical characteristics of the instruments such as
maximum weight, value of scale division (d-value), accuracy
requirement (maximum error allowed and uncertainty), steps to
be followed if the calibration fails (adjustment).

Ensure for enough "standard weights" for the calibration
procedure is available.

Weighing instruments should be switched on at least 20-30
minutes before the start the calibration process.

The instrument and standard weight kept at same working
environments (preferably at 25 9C).

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT, BHOPAL



Soil and Water Testing Laboratory Assistant - Grade 12

b. Calibration procedure:

Switch ON the main electrical power supply and instrument power
button.

Wait till zero reading is displayed on the screen.

Allow the instrument to get stabilized for 15-20 seconds and select
the weight for calibration (preferably in milligram or gram).

Place the standard weight on the platform. The display should be
the same or within one least count, as per weight place.

Record the observations during instrument calibration ‘record
book.

If the display reading does not match with the standard weight or
permissible limit, put an "out of order" label and-get it rectified by
the service engineer.

Do not use the balance till it is rectified /repaired.

Note: Always use a standard weight which is certified by weights and
measure department.

2. pH meter

The pH meter measures the acidity or alkalinity of soil and water samples.
The pH meter may be calibrated before every use to ensure accuracy and
precision.

a. Prerequisite of calibration procedure:

pH meter should be placed at room temperature of 25 °C.

Prepare the buffers of different pH (4.0, 7.0 and 9.2) with the
buffer tablet or readily available solution. Always use more than
one buffer for calibration.

Buffers: These are the standard solution with known pH value which are used
to calibrate the pH meter in a laboratory.

Instrument must be switch on mode for 15-20 minutes for warm-
up
Place the probe of the pH meter into a standard buffer solution.

Compare the instrument reading with the known pH of the buffer
solution. Simultaneously measure the pH of the distilled water
(pH=7.0) to know whether the instrument is working properly or
not.
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If the known pH value is not matched with the instrument reading
and fluctuates, then the calibration procedure is followed.

b. Steps for calibration of pH meter

In a combined pH-EC meter, ensure the meter is in pH mode with
the room temperature on display.

Before calibration, rinse the probe thoroughly with deionized
water and wipe it with clean and dry paper towels/tissue paper.

For a 3-point calibration, use high pH (9.2), pH (7.0) and low pH
(4.0) solution. Pour your buffers into individual beakers for
calibration.

First measure the pH of "neutral" buffer (pH of 7.0), use the
calibrate button to match the pH meter reading exactly with the
buffer pH value.

Then measure the second buffer solution's pH either of pH 4.0 or
9.2 and use the calibrate button again.

Similarly, measure the pH for the third buffer solution.

Stir the probe very gently to create a homogenous sample during
every measurement.

Data will be automatically saved after each calibration point.

Buffers with a higher.pH (9.2) are best for measuring basic or
alkaline samples, whereas buffers with a low pH (4.0) are best for
measuring acidic samples.

Once you have chosen your buffers, allow them to reach the same
temperature (preferably at 25 °C) as the pH meter readings are
temperature dependent.

Discard the buffer when the calibration is done.

c. Maintenance of pH meter

The most sensitive and delicate component of pH meter is the
glass electrode. The thin-walled glass bulb is often broken due to
rough handling.

It may dry up when kept out from deionized water for a longer
period.

If dried, the electrode should be immersed first in 0.01 N HCI and
then in distilled water for one or two days and check again for its
sensitivity.
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3. Electrical conductivity (EC) meter

The EC meter is used to measure the salt concentration in soil
and water samples.

The change in temperature influences the rate of salt dissolution
in the solution.

The measurement unit of EC is mhos cm-! or ds m-1.

a. Prerequisite of calibration procedure:

Ensure that you have deionized water to rinse the conductivity
probe.

Different calibration standards are necessary for.the various
ranges of the conductivity test.

A thermometer is needed if your meter does not record the
temperature of the solution.

Finally, ensure the EC meter is set to calibration mode before you
begin calibrating.

b. Steps for calibration procedure

Start by rinsing the probe with deionized water. Then, insert it into
a calibration standard poured into a plastic cup. Sometimes use
of metal cup may disrupt the EC meter.

Calibrate EC meter with the standard of known EC. Note that
unit display in EC'meter and calibration packet should be same.

Give EC probe a minute to settle into the solution and allow the
solution to interact with the probe.

Measure the solution temperature with a thermometer.

If the EC meter reading does not match with a calibration
standard, adjust the meter using “calibrate" button.

After calibrating your probe, rinse it with deionized water and then
place it in the sample to be tested.

Ensure you don't introduce any bubbles into the solution, as it
may disrupt the conductivity reading.

When testing multiple samples, ensure to rinse the probe between
each sample sufficiently.

Some EC probes come with a special storage solution; thus, the
probe kept inserted into this solution until the next use.
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c. Maintenance of EC meter

When the EC meter is not in use, place the probe in deionized
water.

Keep the cells perfectly clean for accurate readings.
Rinse the cell with deionized water during measurement.

For cleaning the electrode, take it out of its storage solution and
rinse it with deionized water.

Once rinsed, dry it with clean and soft tissue paper.

Avoid rubbing the electrode as it has a sensitive .membrane
around it.

If the electrode looks dirty, follow the operating manual for
recommended cleaning solutions.

4. UV-visible spectrophotometer

e This instrument is used to measure the concentration of a

substance by measuring the amount the light absorbed by the
samples at UV (200-400 nm) and visible (400-700 nm) wavelength
ranges (Figure 2.9).

The measurement of concentration of any substances is carried
out with respect of known concentrations or standard solution.

In principle, it is a colorimetric (measurement of colours) analysis
based on the measurement of radiant energy or absorption
spectra after it passes through a sample solution.

The output of a UV-VIS spectrophotometer is called as absorption spectra as
shown in Figure 2.8.
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Fig. 2.8: Absorption spectra obtained in UV-VIS
Spectrophotometer
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Fig. 2.9: UV -Visible Spectrophotometer

a. Prerequisite of calibration procedure:

e A series of standards is required for the target substance or

reagent at lower concentration up to 10.ppm to develop a
calibration curve.

Ensure the availability of deionized water and working standards
for washing of the cuvette and soft tissues.

b. Procedure of calibration:

Calibration of the UV spectrophotometer involves the following steps-

Wavelength calibration
Absorbance calibration
Stray right control

Resolution power

i. Wavelength calibration:

Weigh accurately 1.0 g of holmium oxide (4% w/v) and dissolve it
1.4M perchloric acid (HClO4 solution and make up the volume
with 25 ml with the same solvent.

Select the method file of control of wavelength in the instrument.

After selecting the file press reference button for baseline
correction.

Then fill the cuvette with 1.4 M perchloric acid and put in the
sample cubicle and press reference to zero.

After auto zero put the holmium perchlorate solution in sample
cubicle then press the start key.

Scan and verify the wavelength using absorption maxima of
holmium perchlorate solution.
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e The permitted tolerance limits are followed while using UV-visible
spectrophotometer (Deviation should not be greater than + 1 nm
in the ultra-violet and + 3nm in the visible range).

ii. Absorbance calibration

Dry some quantity of potassium dichromate (K2CrO7) by heating to
constant weight at 130 9C on a hot-plate.

a) Weigh 57 to 63 mg of potassium dichromate (primary standard) and
transfer to 1000 ml volumetric flask. Dissolve in 0.005 M sulphutic
acid and make up to the mark with the same acid.

b) Measure the absorbance at different wavelength namely 235 nm,
257 nm, 313 nm and 350 nm using 0.005 M sulphuric acid as
reference material.

c) For visible region: Whole procedure is same as UV region but at the
end measure the absorbance at 430 nm.

Calculation: value of A (1%, 1 cm)

Absorbance
A (1%, 1 cm) = x 100
Weight (gm)

iii. Stray light control: Stray light is defined as the detected light of any
wavelength that is outside the bandwidth of the wavelength selected.

e The causes forstray light are scattering, higher order diffraction
of the monochromator, or poor instrument design.

e Stray light causes a decrease in absorbance and reduces the linear
range of the instrument.

e It severely affects high-absorbance measurements.
e It causes a deviation from linearity at high absorbance.

For the stray light test, various cut-off filters or solutions are used to
estimate its contribution, depending on the wavelengths is used.

Scan the stray light testing solution in a 1 cm cell using air as the
reference.

a. Prepare a solution of 1.2% (v/v) potassium chloride and dissolve
with 50 ml distilled water.

b. Determine the absorbance using path length of 1 cm at 200 nm
against purified water as blank.
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Acceptance criteria: Absorbance at 200 nm should be greater than 2.0.
iv. Resolution power
a. Prepare a solution 0.02% (v/v) toluene in hexane

b. Record the spectrum of 0.02% (v/v) toluene in hexane from 250-300
nm using hexane as a reference material.

c. Record the absorbance at 269 nm (max) and 266 nm (min) using
hexane as blank solution.

d. Calculate the ratio of absorbance by dividing the absorbance at
maxima and minima.

Acceptance criteria: Absorbance ratio at 269 nm to 266 nm is not less than
1.5

Steps for calibration of spectrophotometer

It is a process by which the scientists or lab technicians uses a calibration
standard to find out the light sources accuracy. It is vital to make sure that
the device functions properly and the correct measurement is obtained.
However, the calibration technique varies depending upon the make and
brand of instrument.

A fundamental part of analysis is establishing an accurate calibration curve
for quantitative analysis. This process involves

e A series of known solutions to be analyzed, including a “blank”
prepared to contain no measurable amounts of the substances or
elements of interest:

e Blank solution is designated as “zero” concentration and, together
with one (or more known standards, comprises the calibration
curve.

e Samples are then analyzed and compared to the mathematical
calculation of signal vs. concentration established by the calibration
standards (Figure 2.10).

e Unfortunately, preparation of contamination-free blanks and
diluents (especially when analyzing for many elements), perfectly
accurate standards, and accurate laboratory measurements are
always challenging task.
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Concentration Vs. Absorbance curve
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Fig. 2.10: Calibration curve with concentration of standard and
absorbance reading of the instrument

Maintenance

e Ensure that instrument is protected from mechanical shocks and
vibration at the surface.

e C(Clean the instrument case and sample compartment regularly with
tissue paper or soft cloth slightly dampened with water or cleaning
solution. Disconnect the. power cord during cleaning the
instrument.

e Do not open the. sample compartment during instrument
initialization and-ensure it is ready for operation.

e Always clean-the cuvette and hold in rough surface before placing
it in sample holder and ensure it is free from dust in order to avoid
scratches:

e Always measure the concentration from lower concentration to
higher order and wash the cuvette with the same solution before its
transferring sample holder.

e Consultin competent engineer in case of any fault in the instrument

e Proper power back up with automatic voltage stabilizer with AC
current supply is required for optimum function of the instrument.

5. Flame photometer

Flame photometer works by measuring the intensity of light emitted when
the element is exposed to a flame. The flame photometer is used to measure
different elements such as potassium (K), sodium (Na), lithium (Li),
calcium (Ca), magnesium (Mg) and barium (Ba).
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The following steps are needed to calibrate the flame photometer.

a. Prerequisite of calibration procedure:

Given standard solutions depending on the element to be tested, working
standard to be prepared for calibration process.

b. Steps for calibration

Prepare a series of standard solution as per elements in increasing
concentration (e.g., 0, 5, 10, 15, 20 and 25 ppm).

Aspirate or feed the standards in increasing concentration into the
flame photometer and note down the readings

Plot a calibration curve of intensity vs concentration.

Aspirate the unknown solution and record the display reading
(intensity).

Read the sample concentration from the calibration curve.

c. Maintenance

The instrument should be always free from dust.

Place the instrument away from any strong magnetic or electric
field or any electric apparatus generating high frequency.

Avoid the direct sunlight.
To extend the life of source lamp, powered it only when required.

The temperature-of all solution used in the test should not differ
by more than 0.5 °C.

2.2 Atomic Absorption Spectrophotometer (AAS)

Atomic absorption jspectrophotometer is used for measurement of large
number of trace element or micronutrients (Fe, Cu, Mn and Zn) and heavy
metals (Cd, Pb, Cr, Hg and As). Usually, calibration of AAS is done once a
month or.as per the conditions.

a. Prerequisite of calibration procedure:

Preparation of standard solutions depending on the element to be
tested, series of working standards for calibration process.

Ensure that the necessary standards are available as per the
elements of interest.

If samples contain multiple heavy metals then multiple reference
standards of various elements are required to be prepared.

Standards should be prepared in sufficient amount with double
distilled water to avoid interference during absorbance.
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b. Calibration process:
The following steps are taken during the calibration process.

1. Operate the instrument as per the standard operating
procedures on the instruction manual.

2. Use specific standards of interest. For example, if you have to
calibrate for copper estimation, then prepare series of
standards for copper (1-5 ppm of Cu).

3. The series of standards differs from element to element. For
example: for Fe the series of standards vary from 5 to 25 ppm.

4. Aspirate the sample or solution and measure the absorbance.

5. Calculate the correlation coefficient (r). The r value should be
around 0.999, then the instrument is calibrated.

c. Calibration Curve:

Prepare standard solutions of at least 3-5 different concentrations (e.g.,
1, 2, 3, 4 and 5 ppm), measure the absorbance of these standard
solutions, and prepare a calibration curve from the obtained values.

Then measure the absorbance of the test solution and its concentration
in a measurable range and determine the amount of concentration of
the object element from the calibration curve.

d. Maintenance of AAS:

* Use standard operating procedure and user’s manual for proper
handling and operation of the instrument. For switching on the
instrument, first stop the gas supply and burner.

* Keep the standard and samples free from any suspended
materials by filtering through Whatman No.42 filter paper to
prevent clogging of the instrument nebulization assembly.

e Do not directly feed the instruments highly strong acid and salt
solution.

* Maintain a continuous flow of air-gas mixture to the burner.
* Do not leave the flame completely unattended.
Activities

Visit a nearby soil and water testing laboratory and identify different rooms
and equipment present in the laboratory as taught in the class.

Requirements: Soil and water testing laboratory, Notebook, Pen
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Step by step process:
e Go to the nearby laboratory with your teacher.

e Identify the different rooms and equipment present there with their
utility.
e Make a note of it and discuss in the class amongst yourselves.
Try to handle the instruments with precautions in presence of demonstrators.
Check Your Progress
Multiple Choice Questions
1. The measurement unit of EC is mhos cm-! or ds m-1.
a) mhos cm-!
b) ds m-!
c) Both of the above
d) None
2. Different pH Buffers used for pH meter calibration are.
a) pH 4.0
b) pH 7.0
c) pH 9.2
d) All of the above

3. Buffers are the standard solution with ................ pH value which are used
to calibrate the pH meter)in a laboratory.

a) known

b) unknown
c) low

d) None

4. A temperature record of the solution is not required for the calibration of
EC meter.

a) EC meter

b) pH meter

c) All of the above
d) None
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5. A instrument need calibration when it gives erroneous results.

a) Erroneous results

b) After specific time period

c) Sudden change in weather condition
d) All of the above
Fill in the Blanks

1. A pure distilled water has the pH value of ............

2. EC meter is not in use, place the probe in ................ water.

3. Calibration and maintenance are meant for effective and -.............
working of laboratory instruments.

O electrode is very sensitive and delicate components of pH
meter.

5. In UV-visible spectrophotometer wavelength “varies from ----------

True or False

. Flame photometer is used for the analysis of Na and K.
. Weight of samples may change in very cold and hot environment.

. The calibration procedures do not vary with the instrument types and
their models.

. Weighing balance should be placed in horizontal position without any
surrounding vibration.

. Multiple standards is required for the calibration of AAS for analysis
of more than one heavy metals.
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Module 3

Soil Health Card and Interpretation

Module Overview

It is important to assess the soil fertility status from time to time to help the
farmers to maintain good soil health and crop productivity. The soil health
card scheme has played a significant role in this. In this unit we will study
the different aspects of soil health, their importance, soil health card"and its
interpretation.

We shall also learn about the method of soil health card preparation, its
interpretation, and fertilizer recommendation based on the soil test report.

Learning Outcomes
After completing this module, you will be able to:

e Explain the concept of soil health, including its key indicators,
importance for sustainable agriculture, and methods for assessing soil
physical, chemical, and biological properties.

e Describe the process for preparing a soil health card, including data
collection, interpretation of - soil test results, and providing
recommendations for soil | management practices to improve and
maintain soil health.

Module Structure
e Session 1: Concept of Soil Health
e Session 2: Preparation of Soil Health Card

Session 1: Concept of Soil Health

Soils are_essential for all terrestrial living entities, including human beings.
Soil provides approximately 78% of the food consumed by humans that
directly comes from crops. Another 20% of food comes from other sources that
rely.indirectly on the soil. This indicates that soil is critical for the survival of
humanity. It is said that "soil is dynamic natural material that the civilization
is built on". Although different functions are performed by the soil systems
there are five essential soil functions which are most important.

These functions are accomplished by one or several specific soil properties,
called the ‘soil health indicator’ (Figure 3.2).
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Fig. 3.2: Soil health indicators

Figure 3.3 shows the relationship between different soil functions and soil

properties.

@ Soil properties
| Nutrient cycling __J

Nutrient cycling A horizon thickness

Soil organic carbon
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Particulate organic matter
Cation-exchange capacity

Electrical conductivity (EC

Aggregate stability
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Al , \

Stability and support

> Soil enzymes

Fig. 3.3: Relationship between soil functions and soil properties.

Soil health

Soil health is defined as "The capacity of a soil to function, within natural or
managed ecosystem boundaries, to sustain plant and animal productivity,
maintain or enhance water and air quality, and promote plant and animal

health".

Soil health is thus the manifestation of its physical, chemical and biological

component, as shown in Figure 3.4.
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Fig. 3.4: Interaction of physical, chemical and biological components of soil

It is important to understand that interaction among these components
creates and sustains a healthy soil in a particular location and time. The soil
physical, chemical, and biological properties work cohesively, neglecting one
aspect of soil health will affect other aspects.

1.1 Soil health indicators

In India, about 60% of the total population depends on agriculture for their
livelihood. Declining soil productivity is a matter of serious concern. Soil is a
vital resource for achieving food, nutritional, environmental and livelihood
security. Therefore, managing and conserving soil resource is vital for future
generations.

Soil health indicators provide information about how well the soil functions
to achieve the management goals. Since, a specific soil function may involve
several processes, and each process is linked with combination of soil
chemical; physical, and biological properties. Therefore, the exact number of
properties measured to assess soil health may vary according to the
management goals. This is because a single property does not describe soil
health. Soil health includes a combination of various properties such as soil
organic carbon, texture, water holding capacity, essential nutrients, etc.

Soil health indicators consist of the criteria as shown in Figure 3.5:
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Fig. 3.5: Criteria of a good soil health indicator

A Soil Health Card is used to assess the current status of soil health to
determine changes in soil health that are affected by land management over
a period of time. A Soil ‘Health Card displays soil health. The indicators
included in the soil health card are typically based on farmers' practical
experience and knowledge of local natural resources. The card lists a total of
12 soil health indicators as described below:

1.1.1 Soil pH

Soil pH«is the measurement of soil acidity and soil alkalinity. It affects soil
and plant health by affecting other soil properties. The best soil pH range
for.erop growth is close to neutral pH (pH 6 to 7.5), although some crops
prefer to grow in acidic or alkaline soils. In acid soils, calcium (Ca) and
magnesium (Mg), nitrogen (N), phosphorus (P), boron (B), and molybdenum
(Mo) are generally deficient, whereas aluminium (Al), iron (Fe)and
manganese (Mn) are abundant and sometimes reach toxic levels for some
plants. On the other hand, P, Fe, Cu, Zn, and B are usually deficient in
alkaline soils. The microbial population will decline at low pH levels, whereas
fungi adapt to a large pH range (acidic and alkaline) most microorganisms
prefer optimum pH range for their growth.
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1.1.2 Soil EC

Soil EC is the measure of the amount of salts in soils. Some amount of salts
are always present in the soil. When the concentration of salts in soil is
below the critical limits, it doesn't affect plant growth. But with increasing
salt content in the soil, plant growth and productivity will adversely affect.
It also affects crop suitability, plant nutrient availability, and soil
microorganisms’ activity, which influences key soil processes, including
greenhouse gas emissions (GHGs) such as nitrogen oxides, methane, and
carbon dioxide.

1.1.3 Soil organic carbon

Soil organic carbon (SOC) is the most important indicator of soil health. The
importance of SOC in food production, mitigating climate change and
achieving sustainable development goals is well known..The SOC is added
into the soil by plant and animal residue decomposition; root exudates, soil
biota and living and dead microorganisms. A high soil organic matter (SOM)
content improves water availability, soil fertility and ultimately improves
crop productivity. The SOC also improves soil structure and porosity,
ensuring sufficient aeration and water infiltration to support plant growth.

1.1.4 Macro and secondary nutrients

The macro and secondary nutrients are vital to plant growth. In soil health
card, available N, P, K (primary nutrients) and S (secondary nutrient) are
included. These nutrients are-also part of 17 essential nutrients required
for plant growth. The variation of these nutrients' availability significantly
changes the crop yield. Therefore, correction of their deficiencies is often
required through commercial fertilizers.

1.1.5 Micronutrients

In soil health-card, Zn, Fe, Cu, Mn, and B are included as soil health
indicators. The plant requires these nutrients in relatively smaller quantities
than macro and secondary nutrients. However, micronutrients are as
critical.as other essential elements for plant growth. If micronutrients are
limited, the enzymatic and hormonal activities inside plants are affected,
resulting in reduced crop growth and ultimately the yield and quality.

1.2 Soil health card mission

Indian soils witness a negative nutrient balance of about 12-14 million tons
per year. This negative nutrient balance is likely to further increase over time
due to intensive agriculture practices and population pressure. The nutrient
deficiency in Indian soil is reported in the order as shown in the following
table.
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Nutrient Deficiency (%)
Nitrogen (N) 95
Phosphorus (P) 94

Potassium (K) 48

Sulphur (S) 25

Zinc (Zn) 41

Boron (B) 20

Iron (Fe) 14

Manganese (Mn) 8

Copper (Cu) 6

The deficiency of any single nutrient limits other nutrients functionality,
deteriorates soil health and lowers fertilizer response and crop productivity.
Presently, nutrient use efficiency (NUE) is.low in our country and ranges from
30-50% for N, 15-20% for P, 60-70% for K, 8-10% for S and 1-2% for
micronutrients. Therefore, improving NUE is more meaningful rather than
applying more fertilizers.

To address such imbalances the SHC is employed so that judicious use of
chemical fertilizers, N, P,)K.and secondary and micronutrients in conjunction
with organic manures and bio-fertilizers can be done to improve overall soil
health and productivity.

It also focuses.on strengthening soil and fertilizer testing facilities to provide
soil test-based recommendations to farmers to improve soil fertility. Under
this programme, training is also offered to upgrade the skill and knowledge of
soil testing laboratory staff, extension workers and farmers.

1.3'Soil health card scheme

Keeping in view of soil health's importance, the Government of India (Gol) has
launched the Soil Health Card (SHC) Scheme on 19 February 2015. Since
then, 19 February has been known as ‘Soil Health Card Day’ to celebrate the
birthday of the “King of Thailand” Under the scheme, the Gol issues soil health
cards to farmers with crop-wise recommendations of nutrients and fertilizers
required for the individual farms.
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The salient features of the SHC scheme are:
e It covers maximum farmers across the country.

* The farmers will get a SHC report containing all the details about
their farm.

* A farm will get the soil health card once in every two years.

Some facts about SHC scheme

SHC scheme was launched during 2015 to evaluate soil fertility of every farm
holdings across the country in every two years. During cycle —I (2015-17), 10.74
crore Soil Health Cards and during cycle — II (2017-19), 11.74 crore Soil Health
Cards have been distributed to farmers.

The SHC provides two sets of fertilizer recommendations for six crops
including recommendations of organic manures.

Farmers can also get recommendations for additional crops on demand. They
can also print their card from SHC portal. The SHC portal has farmers database
of both the cycles and is available in 21 languages for the benefit of the farmers.

The National Productivity Council (NPC) found that implementation of SHC
scheme decreased the use of chemical fertilizer in the range of 8-10% and
increased in the crop yields to the tune of 5-6%.

Do You Know!

The United Nations declared 2015 as the International Year of Soils with the
aim of increasing awareness and understanding of the importance of soil for
food security and essential ecosystem functions.

World Soil Day (WSD) is held annually on 5 December to focus attention on
the importance of healthy soil and sustainable management of soil resources.

The Food and Agriculture Organization (FAO), through its website on World
Soil Day is encouraging different stakeholders like governments, organizations,
communities and individuals on a global scale for improvement of soil health.

Activities

Goto a farmer’s house who has a Soil Health Card. Interpret the information
given in it as per the lesson taught in the class.

Requirements: Soil Health Card.
Step by step process:
1. Go to a farmer’s house.

2. Observe the Soil Health Card.
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3. Interpret the Soil Health Card as per the lesson taught in the class. Refer
session 2 of Module 3.

Check Your Progress
Multiple Choice Questions
1- Soil health is the manifestation of
a) Soil physical properties
b) Soil chemical properties
c) Soil biological properties
d) All of the above
2- Which one is not the criteria of good soil health indicators?
a) Sensitive to variations in climate and management
b) Measure changes in soil function
c) Comprises chemical, biological, and physical properties
d) Hard to measure
3- How many are essential soil functions listed?

a) S5
b) 3
c) 8
d) 4
4- World soil day is celebrated on the birthday of

a) King of North Korea
b) King of Thailand
c) Kind of China
d) Kind of Magadha
5. How many soil indictors listed in the soil health card
a) 10
b) 12
c) S
d) 4

Fill in the Blanks

1. Word soil day is celebrated on ............
2. The united nation declared the Year 2015 as ......cccovvvvenn....
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3. Best pH range for crop growth is closed to ................... pH
4. Molybdenum is generally deficient in .............
S. Fungi adaptto ................ pH range.

True or False

1.

Soil directly provides 78% of the food consumed by the human.

2. Nutrient cycling is not an essential function performed by the soil.

3.

4.
5.

In India, the livelihood of about 60% of the population depends upon
agriculture.

“Soil quality” and “soil health” cannot use interchangeably.

Soil is the dynamics heterogeneous porous natural material.

Session 2: Preparation of Soil Health Card

The Soil Health Card scheme is a Government of India (Gol) initiative and
promoted by the Department of Agriculture, Co-operation & Farmers Welfare
under the Ministry of Agriculture & Farmers Welfare. Across the country, it is
being implemented through the various States.and Union Territory
Agriculture Department. The Government of India-has developed a web portal
(https:/www.soilhealth.dac.gov.in) for soil sample registration, data entry and
printing of the SHC. The preparation of SHC started with the information
collected at the time of soil samples collection (Table 1).

Table 1: Information Gathered at the Time of Collection of Soil Sample

Farmer's Name: ............ooooii

Village: ......cccoeveienenene. Taluka: ......cccoeveenenent District: ....coovenenent
Information of land holding:

Khasara no. of field under soil sampling: ........c..cccoveveiiiiiienennnnen.

GPS reading of said khasara no:

Area of field: .........coooiiiiiiiiiii

Name of Farm: ......ccocoeiiiiiiiiiiiiiiiiiineean.

Geography of Land: Levelled / Undulated / Low line

Irrigated / Unirrigated: Well/Tube Well/Canal

Crop grown in Last Season: Kharif: ...... Rabi: ......... Summer: ..........
Crop to be taken in next season: Kharif: ...... Rabi: ...... Summer: ......

Main Crop of this particular area:

Date of sampling: ........ccoeeveuiirenienenenne.

Farmer's Signature

1. Longitude: .......ccevveerieninnenenns Latitude: ......c.oveneeneninnents
2. Longitude: ......c.oceevvveiiennnne. Latitude: .....cccoeveviiiinans

Designation: ........cccecevevennnene
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Soil health card application consists of five major modules:

e User Registration and its approval by State Administrator
e Sample Registration

e Test Result Entry by Analyst

e Fertilizer Recommendation

e Soil Health Card Generation

User registration and its approval by state administrator

For the user registration, one has to look into http://soilhealth.dac.gov.in/,
and click on login, as shown in figure 3.6. Then select your state and-click
into the Data entry. The first step in SHC generation through the.soil health
card web portal is registering a new sample.

Registration option

Now enter the information regarding User Organization-Details, Language,
User Details, User Login Account Details, User role, email address and mobile
number etc. More than one role can be assigned to a single user. In this case,
the user has selected such as Sample Registration, Lab In-charge, Analyst,
Fertilizer Recommendation, MIS & Directories update and District MIS Users

s soihelt dacgovin w@h O 4 Y

¥ Skp tomain content  AY Selct Languge (AT

‘ :rpn:retrw:grggriculture,Cooperatiun& soil H ealth Card

A Ministry of Agriculture and Farmers Wefare
K OW Government o India
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Target for samples collection and testing - 22,99,995 ' Target for printing and distribution of SHCs - 22,99,995 l

Samples Collected - 18,64,743% Samples Testad - 16,67,126% SHCs Printed- 16,03,971% SHCs Dispatched - 16,03, 971%
Samples Registered - 16,72,972° Test Results Entered - 14,43,004* Farmer details entered - 18,16,838F  |{SHCs on portal - 15,17,235°

Target for samples collection and testing - 2,73,62,750 ' Target for printing and distribution of SHCs - 12,47,86,255 l
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roles etc. After entering all the information, click on the 'Submit' button and
the form will be submitted to the state level authority for their approval. If all
the entries of the form are correct, the message 'Your account creation
request has been submitted' will be displayed on the screen. Once the state
level authority approves it, then we will login into the soil health card website.
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will be submitted to the state level authority for their approval. If all the entries of the form are correct, the message
‘Your account creation request has been submitted' will be displayed on the screen. Once the state level authority

approves it, then we will login into the soil health card website.
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Fig. 3.7: View of new registration page of soil health card portal of Government of India.
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Sample registration

The sample registration can be done only after the approval of the State
Administrator. We need to follow the steps for the sample registration. These

steps are:

> Click on 'New Sample Registration' after the login

The screen for data entry would be displayed (Figure 3.7). The data entry
form has been simplified to capture the minimum required fields.

Enter the sample details.

Enter crop details. (Details of Maximum of six crops.can be
entered for a Farmer).

Enter the number of Farmers connected with the Grid.

Enter the Details-Farmer, Land and Fertilizer-use by the first
farmer of the grid.

While entering the name of the farmer in Local Language, press
space bar after entering each part of the name (First name, Middle
Name and Last Name) and then that part will be converted into
the local language selected by the sample registration user at the
time of their "User Registration."

A farmer in a composite sample can ask for fertilizer
recommendation for 'a maximum of six crops. Information
regarding fertilizer .availability in farmer's locality is collected in
two combinations of fertilizers.

The first one is three fertilizers containing one major nutrient-N, P or K- each
(by default Neem Coated Urea, Single Superphosphate (SSP), and Muriate of
Potash (MOP) and second combination containing one complex fertilizer (Di-
Ammonium Phosphate) and two single-nutrient fertilizers [Neem Coated Urea
and Potassium Chloride (Muriate of Potash)|. Change the fertilizers where ever

required.

> Click on

Save button to save the current farmers data and continue with
the entry of details of the next farmer of the same grid. If 'Save"
button is pressed after entering the details of the farmers of the
composite sample, those sample details will be available under
"Registered Samples".

Enter next sample to save the current Sample details and to
enter the data of the next Sample [Previous Samples Details, Crop
Details are retained. Change the data wherever required
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e Enter test result to save the current Sample details and to go
directly to Test Result Entry Screen and enter the Test Result for
the current Sample

e Refresh button to cancel the entry in the form

> Test result entry

Test Result Entry is done in three ways: -

1. Directly from Sample Registration Screen- For the current sample-
using Enter Test Result button.

2. Select the role of Analyst from the combo box displayed on the left top
of the screen, click on 'Test Result Entry' and Search for the.sample
in the search box by giving any of the listed parameters.

3. Select the Analyst role from t