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PREFACE

Soil Testing is well recognized as a sound scientdol to assess inherent power of soil to
supply plant nutrients. The benefits of soil tegthave been established through scientific research
extensive field demonstrations, and on the basa&cufal fertilizer use by the farmers on soil tesded
fertilizer use recommendations. Soil testing wasated in the country in the beginning of plarmin
era by setting up of 16 soil testing laboratorigsry 1955. Government of India has been supporting
this programme during different plan periods tor@ase the soil analysing capacity in the country.
The numerical strength does not, however, decigiveticate the quality and success of the
programme. Planners and agriculturalists havegrazed the utility of the service fully but it safs
due to inadequate scientific support in its exexuti

To provide the soil testing laboratories with able technical literature on various aspects of
soil testing, including testing methods and forrtioles of fertilizer recommendations etc., the Union
Ministry of Agriculture have decided to bring outig manual. The manual provides elaborate
information on major soil types of India, their cposition, plant nutrient and their functions, tygdic
deficiency symptoms of nutrients in plants, apestf procedure of sample collection and methods of
analysis. Detailed information has been providedualthe establishment of soil testing laboratories,
basic cares required in the laboratories, calinagirocedures for testing methods and the need and
procedures for collaborating with Soils Researcstitutes in ICAR system and concerned State
Agricultural Universities. Information about thieefulness of soil testing kit and mobile soil itegpt
vans along with their limitations and usefulness baen provided. Since the soil testing laborasori
are invariably required to analyse irrigation watamples, hence a chapter on irrigation water aigly
has been provided.

It may be pointed out that the methods to extraatlable nutrients from the soil are rather old
in terms of their enunciation, being mostly givar m the years as early as 1940s and 50s butilre s
popular and being followed world over. What hasdamentally changed is to categorized the
available nutrients extracted by these methodsthedimits of sufficiency, deficiency or somewhere
in between in relation to present day crop vargeiad soil nutrient status. This is achieved tghou
extensive research trials by ICAR and SAUs systemstablish a correlation between soil test values
SO obtained and crop response to applied fertdiz&rhus, the critical input in improving the stkt
based fertilizer use recommendation would be ‘gitigiven to these values. Another aspect oftate
scientific input in the soil testing programme wibble to analyse these extracted amounts of nugrient
by modern, heavy duty and fast analyzing equipnsenthat the capacity and accuracy of the soil
testing laboratories could be enhanced. Descrnigtiosuch equipments, like, auto analysers, atomic
absorption spectrophotometer and inductively caliplasma-atomic emission spectrometer has been
given in the manual.

It is suggested that each state may set up a miodamtral soil testing lab where modern
equipments may be provided. Also the system ofingaénline fertilizer use recommendation may be
introduced only in the central labs at the ini&hges. It has been emphatically described in the
manual that the soil testing laboratories may na@iné live relationship with the soils departmenmt i
the SAUs / ICAR system where regular training pamgmes may be organized for the heads of
Central Lab while the technical staff of other lediories may be trained at nodal and central
laboratory with the help and support of soil sagstfrom State Agriculture Universities.

It is expected that the manual will be useful tbe technical staff of the soil testing
laboratories in doing their day-to-day analyticabriv and framing fertilizer use recommendations.
Implementation of various suggestions given inrttenual would also help in improving the quality of
the work being done by the soil testing laboratorie
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I am glad to note that INM Division has brought out a
manual on soil testing. The manual provides exhaustive guidance
for setting up soil testing laboratories, carrying out soil tests,
preparing soil fertility maps and issuing soil health cards to the
farmers. Use of soil test kits and Mobile Soil Testing Laboratories
have also been explained in the manual.

I trust that all State Government agencies engaged with soil
testing and the Fertilizer Industry will find the manual useful in
implementing the soil testing programme. I am confident that the
manual would contribute towards soil test based fertilizer usage
which will help in increasing the fertilizer use efficiency and
farmers’ incomes.
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(b) Even under less pronounced P deficiency, stames thin and spindly and plant
development is retarded.
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(b) Tillering is reduced leaves are droopy andujry
(c),(d) Appearance of dusty brown spots and streaks
7. (a) Brownish leaf tips are a typical characterigifcB toxicity, appearing first as marginal
chlorosis on the tips of older leaves.
(b),(c),(d) Two to four weeks later, brown elliglcspots develop on the discoloured areas.
8. (a) Deficiency is mainly a problem in rice grownupland and organic soils with low Mn status.
(b),(c) Leaves are affected by intervenial chisdbat appears at the tip of younger leaves.
9. (a) Tiny brown spots develop on the leaf tip sprieachrd the leaf base.
(b) Leaves turn orange and brown and die.
(c)Symptoms first appear on older leaves.
(d) Under severe Fe toxicity, the whole leaf swefacaffected.
(e) leaf bronzing (left) compared to healthy plagtit)
10. (a) Deficiency mainly occurs in organic soils.
(b) Chlorotic streaks and dark brown necrotic lesimay develop on the tips of younger leaves.
(c) New leaves may have a needle like appearance.
11.(a),(b) The leaf canopy appears pale yellow becafisellowing of the youngest leaves, and
plant height and tillering are reduced.
(c),(d) Chlorosis is more pronounced in young lsavehere the leaf tips may become necrotic.
12.(a) Growth is characteristically patchy.
(b) Where saline irrigation water is used, patobieaffected plants are found adjacent to water
inlets.
(c),(d) Stunted plants with white leaf tips.



CHAPTER 1
SOILS

Soil may be defined as a thin layer of earth’sstmhich serves as a natural medium for the
growth of plants. It is the unconsolidated mineraltiter that has been subjected to, and influenged b
genetic and environmental factors — parent majegiiahate, organisms and topography all acting @aver
period of time. Soil differs from the parent ma&rin the morphological, physical, chemical and
biological properties. Also, soils differ among iieelves in some or all the properties, dependintpen
differences in the genetic and environmental factdhus some soils are red, some are black; soene ar
deep and some are shallow; some are coarse-texdncedome are fine-textured. They serve in varying
degree as a reservoir of nutrients and water fiops; provide mechanical anchorage and favourable
tilth. The components of soils are mineral materaanic matter, water and air, the proportions of
which vary and which together form a system fomplgrowth; hence the need to study the soils in
perspective.

Rocks are the chief sources for the parent méteoier which soils are developed. There are
three main kinds of rocks: (i) igneous rocks, ggdimentary rocks and (iii) metamorphic rocks.

The rocks vary greatly in chemical composition andordingly the soil differ in their properties
because they are formed from the weathering of scod#eathering can be physical or chemical in
nature. The agents of physical weathering are temynre, water, wind, plant and animals while
chemical processes of weathering are hydratiormdhysls, carbonation, oxidation and reduction.

A developed soil will have a well defined profiMhich is a vertical section of the soil through
all its horizons and it extends up to the parentens. The horizons (layers) in the soil profigich
may vary in thickness may be distinguished from photogical characteristics which include colour,
texture, structure etc. Generally, the profile esissof three mineral horizons — A, B and C.

The A horizon may consist of sub-horizons richerorganic matter intricately mixed with
mineral matter. Horizon B is below A and shows duaamice of clay, iron, aluminium and humus alone
or in combination. The C horizon excludes the bekifpom which A and B horizon are presumed to
have been formed.

A study of the soil profile is important from créqusbandry point of view, since it reveals the
surface and the sub-surface characteristic anditiggahamely, depth, texture, structure, drainage
conditions and soil moisture relationship whichedtty affect the plant growttA study of soil profile
supplemented by physical, chemical and biologicalrpperties of the soil will give full picture of
soil fertility and productivity.

Physical properties of the soil include water huddcapacity, aeration, plasticity, texture,
structure, density and colour etc. Chemical propenefer to the mineralogical composition and the
content of the type of mineral such as Kaoliniiéeiand montmorillonite, base saturation, humod a
organic matter content. The biological propertyerdd a content of extent and types of microbethén
soil which include bacteria, fungi, worms and insec



1.1. Major Soil Types of India :

Some dominant groups of Indian solil, classified aceding to soil taxonomy and chemical property
are mentioned below:
1) Red Soil They are quite wide in their spread. The red wois due to diffusion of iron in the
profile.
2) Lateritic soit are composed of a mixture of hydrated oxideslafaium and iron with small
amounts of manganese oxide.
3) Black soil contains a high proportion of Calcium and MaguesiCarbonates and have a high
degree of fertility.
4) Alluvial soils: This is the largest and agriculturally most intpat group of soils.
5) Desert soilsoccur mostly in dry areas and important contemjuartz.
6) Forest and Hill Soils high in organic matter.

Taxonomically these soils are classified as follows

Red soil: Alfisol, Inceptisol and Ultisol
Lateritic soil: Alfisol, Ultisol and Oxisol
Black soil: Vertisol, Inceptisol and Entisol
Alluvial soil: Entesol, Inceptisol and Alfisol
Desert soil: Entisol and Aridisol

Forest and Hill soils Alfisol

Problem soils: According to salt content:
(1) Saline and Alkali soll
(i) Acid soil
(i)  Peaty and Marshy soil

The soils are studied and classified according tcheir use which is termed as land capability
classification In this classification, inherent soil characticisexternal land features and environmental
factors are given prominence. For this purposd, sgoiey is carried out to record the crop limiting
factors such as soil depth, topography, textunectire, water holding capacity, drainage features,
followed by evaluation of soil fertility status, $&d on soil testing / analysis. The soils are thassified

in to 8 classes, four of which are considered bletéor agricultural purpose (Class | & IV) and §daV

to VIII are non-arable lands and can be used feicsiture and forest and need strong conservation
measures. An effective linkage between soil testing soil survey is useful to ensure formulatioraof
sound soil fertility evaluation programme.

The above soil groups which have been extensigtlylied because of their extent and
agricultural importance are described below:

I Red Soils The red soils of India, including red loams amdlgw earths, occupy about 200,000
sg.miles and extend over a large part of Tamil Nadysore, south-east Maharashtra and a tract along
the eastern part of Madhya Pradesh to Chota NagpmliOrissa. In the north and north-east these éxten
into and include great part of the Santhal Pargahdhar; Birbhum, Bankura and Midnapur districts
of West Bengal; Khasi, Jaintia, Garo and Naga Hillsas of Assam; Mirzapur, Jhansi, Banda and
Hamirpur districts of Uttar Pradesh; Baghelkhandsiobn of Madhya Pradesh and Aravallis and the
eastern half of Rajasthan.



The main features of these soils, besides thghitdr texture and porous and friable nature, are:
(a) the absence of lim&dnkal and free carbonates, and (b) the usual presenseluble salts in a
small quantity, not exceeding 0.05 percent. Thasls are generally neutral to acid in reaction, and
deficient in nitrogen, phosphoric acid, humus aechpps lime. They differ greatly in depth and feyti
and produce a large variety of crops under raimfedrigated conditions. They are divided into two
broad classes: (1) the red loams, characterized blpddy structure and the presence of only a few
concretionary materials; and (2) the red earth Vatse top-soil, friable but rich secondary conoret
of a sesquioxidic clayey character.

The soil contains a high percentage of decompeshbinblende, suggesting a comparatively
immature nature. The silica-alumina ratio of thaycfractions is 2.7-2.46 and their base exchange
capacities are below 20 m.e. per 100 gm., suga@estair predominantly kaolinitic nature. In the itygl
red earth the silica-alumina ratio of the clay fi@ts is higher than 2 and they are fairly richiron
oxide.

The soils have undergone excessive weatheringrarydlow amount of decomposable mineral
hornblende.

In Tamil Nadu the red soils occupy a large partufivated area. They are rather shallow, open
in texture with the pH ranging between 6.6 and &l@ey have a low base status and low exchange
capacity, and are deficient in organic matter, gagplant nutrients, and with the clay fractionioadf
2.5-3.0.

The predominant soil in the eastern tract of Mgsisrthe red soil, overlying the granite from
which it is derived. The loamy red soils are predwnt in the plantation districts of Shimoga, Hassa
and KadurThey are rich in total and available KO, and contain fair amounts of total BOs (0.5 —
0.3 percent); the lime content is 0.1 — 0.8 per cemitrogen below 0.1 per cent, and iron and
alumina 30 — 40 per centA broad strip of area lying between the eastedhwestern parts of Coorg is
red loam, easily drained and with a fairly denseagh of trees.

The acid soils in the south of Bihar (Ranchi, Hamgh, Santhal Parganas, Manbhum and
Singhbhum) are red soils. Their pH is 5.0 — 6.8 they have high percentage of acid-solublgCzeas
compared with AlOs ; sufficient available potash bug® is low. The soils from Manbhum, Palamau
and Singhbhum are preponderant in zircon, hornlelemdl rutile respectively; those of Ranchi congain
mixture of epidote and hornblende, neither of whepreponderating.

In West Bengal the red soils, sometimes misreptedeas laterites, are the transported soils
from the hills of the Chhota Nagpur Plateau.

The existing tracts of soils in north-west Orisga quite heterogeneous. There seems to be a
prominent influence of the rolling and undulatimgdgraphy on soil characteristics.

The soils are slightly acidic to neutral in reantiand the total soluble salts are fairly low.
Ferruginous concretions are invariably met withevetas calcareous concretions are present only in a
few cases at lower depths of the profiles.

In a typical red soil profile the total exchangkealbases is about 20 m.e., the SiR0; ratio of
the clay fractions varies between 2 and 3, anCtheN ratio is near about 10.

The soils of Raipur district (Chattisgarh area) gmouped into the following classes :

Matasi : Upland or level land soils, yellow, loam to cldgam and loamy clay
yielding good paddy.
Dorsa: Soils along the slopes, somewhat darker; sartare as above; good



paddy lands.

Kanhar : Lowland soils, dark, slightly heavier than the adsgwaddy is the main
crop; wheat is alsovgn.

Bhate :  Barren waste lands with gravel and sandy stdgellow; usually in
uplands.

A part of Jhansi district (Uttar Pradesh) comwised soils. These are of two typeRBarwa, a
brownish-grey soil, varying from good loam and sandlay loam, andakar, the true red soil generally
not useful for cultivation.

In the Telangana division of Andhra Pradesh bethand black soils predominate. The red soils
or chalkasare sandy loam located at higher levels and dieedt for cultivation ofkharif crops.

Another type of soil occurring in Andhra Pradesthocally known aslubba It is loamy sand or
very coarse sandy loam, and mostly pale-brown ¢avbrwith reddish-brown patches here and there ;
clay content is quite low (less than 10 percent) @ary low fertility ; invariably neutral in react and
low in soluble salt content. The content of orgamiatter is little to negligible. The soils are sehg
eroded with surface soil depth below five inched &ary often covered with multi-sized gravels and
cobbles. Being sub-marginal lands they are wetksduior pasture and forage crops rather than éar ri
growing.

Il. Laterite and lateritic soils: These soils occupy an area of about 49,000 segnil India. The
laterite is specially well-developed on the summitshe Deccan Hills, Central India, Madhya Pradesh
the Rajmahal Hills, the Eastern Ghats, in certdainp of Orissa, Maharashtra, Malabar and Assam.
These are found to develop under fair amount affa#li and alternating wet and dry periods. The
laterite and lateritic soils are characterized bgoanpact to vesicular mass in the subsoils horizons
composed essentially of mixture of the hydratedlesiof aluminium and iron. These soils are deficien
in potash, phosphoric acid and lime. On higherlgetieese soils are exceedingly thin and gravelly, b
on lower levels and in the valleys they range frbeavy loam to clays and produce good crops,
particularly rice.

Both the high-level and low-level laterites ocanr Tamil Nadu. They are botm situ and
sedimentary formations, and are found all alongest Coast and also in some parts of the EasttCoas
where the rainfall is heavy and humid climate pilsvaln the laterites on lower elevations paddy is
grown, while tea, cinchona, rubber and coffee aosvg on those situated on high elevatiohse soils
are rich in nutrients including organic matter. The pH is generally low, particularly of the soils
under tea (pH 3.5 — 4.0) and at higher elevation.

In Maharashtra laterites are found only in Ratmaid Kanara; those in the latter are coarse,
poor in lime and P,Os, but fairly good in nitrogen and potash In the former, coarse material abounds
in large quantities. These are rich in plant foodstituents, except lime.

In Kerala, between the broad sea belt consistfrgandy soil and sandy loams and the eastern
regions comprising the forest and plantation sdke, mainland contains residual lateriidhese are
poor in total and available ROs, K,O and CaO. Laterite rock in cochin is found to the east lué t
alluvial areas in Trichur, Talapalli and Mukundagur taluks. Soil is mostly laterite in Trichur taluk
The nitrogen content varies from 0.03 — 0.33 pet;dée lime is very poor and the magnesium is 6.:11
0.45 per cent. The laterite soils in Mysore oceuthe western parts of Shimoga, Hassan, Kadur and
Mysore districts. All the soils are comparable he faterites and to the similar formations found in
Malabar, Nilgiris, etc. These soils are very lowbiases, like lime, due to severe leaching and @mosi
These are poor in,Ps. The pH is not as low as that in the plantaticisso



In West Bengal the area between the Damodar aadBltagirathi is interspersed with some
basaltic and granitic hills with laterite cappirBgnkura district is known to be located in the rid¢e
soils zone. The Si©- Al,O; ratio of the clay fraction is quite higlihe percentage of KO P,0s and
N are also low, showing considerable leaching andashing out of these substances due to chemical
weathering. The soils of Burdwan are in all respects simitatite Birbhum and Bankura soils with one
or two exceptions. The high value of the $OAIl,Os ratio is significant.

In Bihar laterite occurs principally as a cap be higher plateau but is also found in some
valleys in fair thickness.

The laterites of Orissa are found largely cappthg hills and plateau occasionally in
considerable thickness. Large areas in Khurda ezapied by laterites. At Balasore, it is gravelyor
types of laterites are found in Orissa, the latentirrumand the laterite rock. They may occur together.

M. Black soils These soils cover a large area throughout th¢heouw half of the peninsula, the
Deccan Plateau, greater part of Maharashtra Stagstern parts of Madhya Pradesh and Andhra
Pradesh, and some parts of Tamil Nadu State, imguithe districts of Ramnad and Tinnevelly. The
black soils oregurincludes a large number of physiographic regieash within a zone having its own
combination of soils. These soils may be divided three groups : (1) deep and heavy; (2) mediudh an
light; and (3) those in the valleys of rivers flewithroughregur area.

The main features of the black soils are: (1) nepte to two or several feet deep; (2) loamy to
clayey in texture; (3) cracking heavily in summitie cracks reaching up to more than three or feeir f
in depth, especially in the case of heavy claysl &) containing limekankar and free carbonates
(mostly CaCQ@) mixed with the soil at some depths. These saédsadten rich in montmorillonitic and
beidlite group of minerals, and are usually sugafdr the cotton cultivation. They are generally
deficient in nitrogen, phosphoric acid and orgamiatter; potash and lime are usually sufficient. The
content of water-soluble salts is high, but theestigations carried out in connection with Tungalsha
and Nizamsagar projects have shown that thesersaysbe irrigated without any danger, if irrigatiisn
carried out on sound lines.

Though the black soils do not have distinct demi@wa of horizons between the unweathered
parent material and the weathered soil, the safilprmay be said to possess approximately three
principal horizons A, B and C, the alluvial or Arfamn being predominant and of two types, namely,
darker with high organic matter content and lighédre zone of accumulation of carbonates (CgCO
and sulphates (chiefly CagQOmay be taken as the B or illuvial horizon. Inicgs of fairly high and
evenly distributed rainfall the zone of carbonatewmulation is found deeper in the profile and
sometimes incorporated with horizon C.

The occurrence of black and red soils in closexiprty is quite common in India. In
Maharashtra soils derived from the Deccan trap pgauite a large area. On the uplands and on the
slopes, the black soils are light coloured, thid @oor; and on the lowlands and the valleys they ar
deep and relatively clayey. Along the Ghats théssarie very coarse and gravelly. In the valleyshef
Tapti, the Narmada, the Godavari and the Krishreaédlack soil is often 20 feet deep. The subsoil
contains good deal of lime. Outside the Deccan thepblack cotton soils predominate in Surat and
Broach districts. Degraded solonized black soidsally known ashopan occur along the canal zones
in the Bombay Deccan.

A large number of typical black soil profiles haween examined in Tamil Nadu. They are either
deep or shallow and may or may not contain gypsurtheir profile, and accordingly four types of
profiles are distinguished : (1) shallow with gypsu(2) shallow without gypsum, (3) deep with
gypsum, and (4) deep without gypsum. The shallowfilps are three to four feet deep, often with
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partially weathered rock material even at a depth.®— 2.0 feet; the deep ones extend even umto n
feet or more.

The black soils are very heavy, contain 65-80qgeet of finer fractions, have high pH (8.5 — 9.0)
and are rich in lime (5-7 per cent); they have [mvmeability, high values of hygroscopic coeffidien
pore-space, maximum water-holding capacity and spexific gravity.They are low in nitrogen but
contain sufficient potash and BOs. They have generally a high base status and high &ashange
capacity (4 60 meg.) ; about 10-13 per cent iromteat, and the CaO and MgO contents are formed
from a variety of rocks, including traps, granitéesl gneisses.

In Madhya Pradesh the black soils are either deebheavy (covering the Narmada Valley) or
shallow (in the districts Nimar, Wardha, west ofgdar, Saugor and Jabalpur). The cotton-growing
areas are mainly covered by the deep heavy blalskvgloich, however, gradually change in colour from
deep-black to light. The CaGQ@ontent increases with the depth. Clay conter@35i60 per cent, the
organic matter is low and SjR,0; ratio is 3 — 3.5.

The black soils of Mysore are fairly heavy withghisalt concentration, and rich in lime and
magnesia. The SKER,O;3 ratio of clay fraction is 3.6.

V. Alluvial soils: The so-called alluvial soils of India form an défined group. Various types of
alluvium are classed as alluvial, e.g., calcaresmils, saline and alkali soils, and coastal soils.

The alluvial soils occur mainly in the southerorth-western and north-eastern parts of India :
the Punjab, Uttar Pradesh, Bihar, West BengalspzfrAssam, Orissa, and coastal regions of southern
India including the local deltaic alluvidhese soils are the most fertile amongst the Indiasoils The
whole of the Indo-Gangetic plain is, in this allavarea, of 300,000 square miles. These soils emg v
deep, deeper than 300 ft. at some places, andietgfiln nitrogen and humus, occasionally in
phosphoric acid but not generally in potash ancliifhey support a variety of crops, including rice,
wheat and sugarcane. They may be sub-divided wbobtroad groups, the old and the new; both are
geological groupings. The former, locally calledngar, represents reddish-brown, sandy loams with
increasing content of clay in the lower horizonthe latter, known akhaddar represents the fairly
coarse sand on tleharsand banks of the river to the soils of very fiegttire in the low-lying marshy
tracts. The old alluvium reddish in colour, is de&fnt in nitrogen and humus, and occasionally in
phosphoric acid.

The large expanse of these soils is yellowish mwhish and their common feature is the
presence okankaror lime nodules intermixed with soil at varyingpdes. They vary from sandy loam
to clayey loam. The subsoil occasionally has calmas reaction. There is no marked differentiatian i
the various horizons, and the profile is often aebtarized by the absence of stratification. Théaser
soil is generally grey, varying from yellow to lighrown, the intensity of colour increasing witteth
depth.

The immature soil near the rivers is calcareousli@t brown in colour with salt impregnation.
On higher situations it becomes brown to deep brmaeolour and is non-calcareousankar beds are
found in the soil. Most of the alluvial soils intdlt Pradesh and Bihar are of the above pattern.

V. Desert Soil A large part of the arid region in Rajasthan aad of Haryana, lying between the
Indus and the Aravallis, is affected by desert @tk of recent geological origin. This part isveced
under a mantle of blown sand which inhibits thengtoof soils.

The Rajasthan desert proper (area about 40,00Qikxs), owing to its physiographic conditions
receives no rain though lying in the tract of tleeith-west monsoon. Some of the desert soils contain
high percentage of soluble salts, high pH, varydegcentage of calcium carbonate and poor organic
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matter, the limiting factor being mainly water. Theils could be reclaimed if proper facilities for
irrigation are available.

VI. Forest and hill soils Nearly 22-23 per cent of the total area of Intiaunder forests. The
formation of forest soils is mainly governed by ttfearacteristic deposition of organic matter detive
from the forest growth. Broadly two types of sailhation may be recognized(1) soils formed under
acid conditions with presence of acid humus and base status; and (2) soils formed under slightly
acid or neutral condition with high base statusolhs favourable for the formation of brown earths.

The soils of the hilly districts of Assam are ofef texture and reveal high content of organic
matter and nitrogen, perhaps due to the virginneafheir chemical and mechanical composition show
great variations.

In Uttar Pradesh the sub-Himalayan tract compttise=e regions, vizhhabararea immediately
below the hillsterai and the plains. Four major groups, i.e., red lgammswn forest soils, podsols and
transitional podsols have been observed in the Hyaa tract ; of these, brown forest soils and pt=ls
are predominant. Thierai area is characterized by excessive soil moistuddauriant vegetation. The
soils are clay loam, loam and sandy loam. The losy have high content or minor quantities of lime,
or lack it altogether.

In the Himachal Pradesh, the typical soil profilegler deodar, spruce, blue pine ahit are
related to the podsols but have significant diffiess, probably due to the relatively high calcium
content of the first layer. These differences a@ught out in the high degree of saturation of wasi
horizons.

The weathering of metamorphic rocks in Coorg traslyced very fertile deep surface soil which
annually receives the decomposition products olvitggn forest. The areas towards the west areéHer
greater part reserved forests and mountain ardesland surface has a laterite bed, is easily ddain
and is full of pebbles.

In Nilambur the soils which do not grow teak arerenclayey, contain more MnO and possess a
lower Sie-R,0; ratio; this makes them suitable for teak plantatio

The cinchona-growing soils of West Bengal resenfotevn earths. Their surface layer consists
of well-decomposed humus and mineral soil whichdskaoff gradually, at varying depths, into the
colour of the parent rock. These soils are stroagigic in reaction. Their high base exchange dapac
is due to the high organic matter content. Watérkde manganese is present in appreciable amount.

Soils classified as per the problem of salt content

l. Saline and alkaline soils The distribution of saline and alkaline soilseigensive throughout
India in all climatic zones. Many parts of the Nprespecially Bihar, Uttar Pradesh, Punjab, Haryana
and Rajasthan, give rise to saline and alkalinereffcence in the same way as the soils capping the
Upper Tertiary rocks. There are many yet undecoegbasineral fragments in these alluvial clays and
silts, which, on weathering, liberate sodium, magn® and calcium salts. Large areas, once fenite a
populous, have become impregnated with these kadtdly known asreh or kalkar with highly
deleterious effect on their fitness for cultivatidrne injurious salts are confined to the top layarthe
soils, which are charged by capillary transfereonfesaline solutions from the lower layers. This
transference is facilitated in lands irrigated byal waters.

Rehis a mixture of carbonate, sulphate and chlorideodium, and some other salts of calcium
and magnesium. It is also introduced by rivers eathls. The water of the great alluvial plains \whic
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are without any underground drainage become coratedt with salts. Capillary action during the
summer months brings them to the surface whereftitay a white efflorescent crust.

It has been estimated that two lakh acres of lantie Punjab and about 1 lac are in Haryana
have been affected hysar and 25 thousand acres are being added every Me#énods of reclamation
based on irrigation, application gypsum, where ssag/, and growth of salt-resistant crops like,rice
berseem and sugarcane are suggested. In casedlyfibmaged alkali patches, treatment with sulphur
or gypsum accompanied by adequate watering ha® lstady improvement in the soil, and successful
crops have been raised.

The soils of Hardoi, Lucknow and Kanpur distriate characterized by very high pH values and
by almost complete absence of gypsum due to resdrimternal drainage. Soils appear to be the
carbonate-chloride type of saline-alkali in conttassoils of more arid localities of temperaterates.

Alkali soils are met with all over the states aij@at and Maharashtra, but badly affected lands
are found in Gujarat, Karnatak and the Deccan.

Such soils show high content of exchangeable maeav bases and magnesium with a
predominance of chlorides, amounting to more tHapér cent. Reclamation of these lands by bunding
and leaching of soluble salts is possible.

Portions of Dharwar district and Bijaptauk are affected by what is locally known ki soils,
which are saline-alkaline, fairly deep and clayElye salt lands of the Nira Valley have developed as
result of excessive irrigation given to the deeacklsoils of the locality. In these soils two greuy
profiles, one resembling steppe alkali soils amddther the solonetz, might be distinguished.

The soils of Delhi State have one of these pedoggoups: (a) saline (mostly in thdaddar
area); and (b) saline-alkali, wikankarformation (mostly irdabarandbangarareas, and in depression
of khadarareas).

1. Acid Soils :

In India about 6.5 million hectares of land are@asered by strongly acid soils ( pH < 5.5).
The acid soil areas occur in and around Bhawali) (BRlampur, Kangra (HP), Baster and Jagdalpur (
MP), Jorhat and Titabar ( Assam ), Ratnagiri ( Makhtra ) and large areas in Ooty (Tamil Nadu ) and
Kutanad ( Kerala ). The acid soils suffer dueattklof calcium and magnesium and in some cases due
to aluminium and iron toxicity. However, these saire being cultivated and their productivity can b
improved when limed.

Ill. Peaty and marshy soilsPeaty soils originate in humid regions as a tesfudccumulation of large
amounts of organic matter in the soil. They may alentain considerable amounts of soluble salts.
They are found in Kerala. They are generally sulged@¢runder water during the monsoon. After the
rains, these are put under paddy cultivation. Soisblack, heavy and highly acidic, with pH as lasv
3.9, and contain 10-40 per cent of organic maftkeir acidity is due to the decomposition of organi
matter under anaerobic conditions, and no nittilicais possible. Sometimes the soils contain fesro
and aluminium sulphates.

The depression formed by dried river-basins akddan alluvial and coastal areas sometimes
give rise to peculiar waterlogged and anaerobiditimms of the soils. The soils of these places are
generally blue due to the presence of ferrous &od contain varying amounts or organic matter.
Marshy soils of this type are found in the coastadts of Orissa, the Sunderbans and some othegpla
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in West Bengal, central portion of north Bihar, Alra district of Uttar Pradesh, and south-east cofast
Chennai.
Source: Soils of India and their management , F2388)

1.2 .Soil Composition

(a) Solid phase
e Mineral constituents including weathered rock fragis.
e Organic matter, both dead and living micro and maxganisms.

The mineral constituents are

Sand Large particles which are coarse, and individuatiples are easily visible (0.02 —
2 mm in diameter) most common mineral componesilica (SiQ)

Silt  Medium-sized particles which are 0.002-0.02 mrdiameter.

Clay Small particles which are less than 0.002 mm anditer and are referred to as soll
colloids.

By definition, particles larger than sand are rwk s

(b) Liquid phase
e Soil water which occupies the pore spaces (betwai@eral particles) carries the plant
nutrients to the roots.

(c) Soll air

e It occupies pore spaces similar to soil waterill these voids when soil water is absent.
e |t carries respiratory products of roots and sojamisms.

e It has a higher concentration of carbon dioxidenthemospheric air.

(d) Soil texture

e Refers to the relative proportion of sand, silt al&y present in a soil.

e Based on these proportions soils are classifiedvatious textural classes.

e Clayey soils have a larger percent of clay. They @nsidered more fertile than sandy
soils but are difficult to work.

e Sandy soils are easy to work but are less fefthey have low water retention capacity.

e Loamy soils are in between sandy and clayey sbilsy are best for arable cropping.

(e) Soil structure

e Refers to the arrangement of the different pasiaio soil aggregates.
¢ Roots move between these aggregates.

e A compact soil will resist root movement.

e The organic matter content helps the soil aggregatrocess.

Soilfertility

It is the capacity of a soil to supply plant nutrisits in adequate amounts to
facilitate optimum growth and obtaining the yield potential of a crop. Many soil
properties which determine the availability of plart nutrients and thus soil fertility are
as follows:
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(i) Soil colour
Reddish to brownish colour shows well-drained ctiods. Degree of yellowness and
mottling show poor drainage. Gray to dark coloudi¢ates the presence of organic
material.

(i) Soil depth
Refers to the depth to which plant roots can pateethe soil and is the distance between
the lowest and the upper most horizons of the soil.

(i) Bulk density
It is the weight of the soil in the given volum&.compact soil has a higher value while
an organic soil has a lower value. It aldects water holding capacity of the soil.

(iv) Field capacity

e Refers to the moisture content of a soil afterltiss of gravitational water.

e At this point, water is held in soil micropores, ialhn is available to plant roots, until the
water content down to a lower value.

e This lower value is referred to as the permanehingipoint.

e The amount of water available between field capaard permanent wilting point is
referred to as available water.

e This value is important in determining irrigatiortervals.

(v) Soil pH
e Measures the negative logarithm of the hydrogeraiivity of the soil solution.
e Is a measure of the soil acidity or alkalinity cdail.

(vi) Soil acidity
Is caused by many factors such as
e [Excessive rain which leaches basic cations (Ca,Wlg,
e Use of nitrogenous fertilizer like urea, ammoniunphate etc.
e Oxidation of iron pyrite containing minerals.

Correction of soil acidity
e Soil acidity is corrected by liming; soils whichveaa pH value of less than 5.5 should be
limed.

(vii) Salinity and alkalinity

e Occurs in arid and semi arid regions, where préatipn is insufficient to meet evapo-
transpiration needs of plants, when salts moveubpe surface.

e Salt affected soils occur within irrigated lands.

e Salts are added through irrigation water; througérérrigation and salts accumulate in
poorly drained areas.

e Salt content in soils is measured in terms of @lmdtconductivity (EC).

e A saline soil has a pH of less than 8.5, but smiéswell flocculated. The EC is more than
4 deci Seimens per meter (4dS)m

e Soils which are saline cause problems to cropsnduilry weather. Loss of crop yield
from poor growth is common.

e Alkaline soils have high pH (more than 8.5) andghttoncentration of sodium in them.
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e Alkaline soils are deflocculated, drainage is pand growing plants is difficult due to
high pH and higher content of sodium in the soil.

e Draining, flushing after ploughing and addition @fganic matter and gypsum could
correct these problems.

(viii) Cation Exchange Capacity (CEC)

e The power to retain cations at the surface of solloids is referred to as the cation
exchange capacity.

e Soil colloids of clay and organic matter have thmigperty due to the presence of negative
charges at the surface.

e CEC is defined as the sum of cations held by agkilm of soil. It is expressed in
Cmo/Kg soil.

e Clays like kaolinite have low CEC and the CEC is g¢pendent. Organic matter has a
large CEC but it too is pH dependent.

e Montmorillinitic clay has high CEC due to the nagatcharges developed through loss
of cations during formation of these clays.

e Practices like fertilization, liming, irrigation draddition of organic manures can increase
the exchangeable cations.

(ix) Soil organic matter (SOM)

Consists of living organisms, dead plant and aniesidues.
Is the most chemically active portion of the soil.

Is a reservoir for various essential elements.

Contributes to CEC.

Promotes good soil structure.

Buffers soil pH.

Promotes good air and water relations in plants.

Functions of organic matter in soll

Supplies N,P, S and other secondary and microemnisrifor plant growth.

Increases CEC in a soil.

Have large surface area and has high CEC.

Holds up to twenty times their weight of water.

Holds cations and anions and releases them slowly.

The ratio of C:N:P:Sis 10:1:.5:0.1

Effects the breakdown of pesticides and weedicides.

Chelates micronutrients such as Zn, Mn and Cu ngakiem more available to plant
roots.

e Buffers extreme acidity, salinity and alkalinity.

Fate of organic material added to soils

e Undergoes decomposition (only bio-degradable mal&rithrough soil macro and micro
fauna and flora.

¢ Final degradation is made by soil microorganisms.

e The final product is a humus type material which &aC:N ratio around 9:1 — 12:1.

e All complex carbon products are converted into $engpmpounds
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(x) Nitrogen cycle
This is one of the most important naturaltgarring events. It is discussed under:

e Nitrogen fixation.
e Conversion of N in soil.
e Mineralization

(a) Nitrogen fixation

e Nitrogen is a very inert gas which constitutes 78f4he atmospheric air; it has low
chemical reactivity.

e For use by plants it has to be converted to ammoriiiH,") or nitrate (NQ)

e Only a few microorganisms can utilize N gas whigheferred to as N fixation.

e Fixation is effected by microbial action, industsgnthesis and high thermal combustion
and lightning.

(b) Conversion of N in soil

N occurs in soils in the following form :

Soluble mineral forms, ammonium, nitrate, nitrox&le (gas)
Soluble organic compounds, urea, aminoacids.

Living organisms, plant roots, fungi, bacteria| smiimals.
Insoluble forms, organic nitrogen, ammonia bonaeday.

Transformation between the different forms is maidy soil microorganisms.

(c) Mineralization

e Conversion of N in organic residues and soil orgaNi into soluble forms through
mineralization.

e Carbon sources are degraded sources of energy.

¢ N in excess of microbial need is liberated.

The following sequence of reactions takesela

i). Ammonification: Complex protein compounds are broken down to anumo
compounds by micro-organisms.

iM). Nitrification: Ammonium compounds are oxidized to nitrite and iwate by two
specific types of soil bacteridlitrosomonasandNitrobactor.

iii). Denitrification : The nitrates are reduced to nitrogen gas underlyp@erated
conditions through specific micro-organisms.
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CHAPTER 2
PLANT NUTRIENTS AND THEIR FUNCTIONS

Several elements take part in the growth and dewedmt of plants, and those
absorbed from the soil are generally known as phamtients. Besides these, the plant takes
up carbon, oxygen and hydrogen, either from th@maifrom the water absorbed by rodts.
all, 16 elements have been identified and are estehed to be essential for plant growth.
There are carbon (C), hydrogen (H), Oxygen (O)ogin (N), phosphorus(P), potassium
(K), calcium(Ca), magnesium (Mg), iron (Fe), sulgl®), zinc (Zn), manganese (Mn),
copper (Cu), boron (B), molybdenum (Mo), and chile(Cl). These elements serve as raw
materials for growth and development of plants, fmohation of fruits and seeds.

Most of the essential elements are found in libgtadntities in the mineral soils. In
spite of the fact that these are available in plethiese may not be available to the plants, as
they are tied up in mineral and chemical compoufid® roots cannot absorb and deliver
them to the growing plants for synthesis, and hetieeneed for assessing the plant available
amounts of nutrients in the soil and meeting deficy by application of manures and
fertilizers to such soils for optimum crop prodocti
2.1 Plant Nutrients

Although plants absorb a large number of elemaitgf them are not essential for
the growth of crops. The elements are absorbeanhbethey happen to be in the soil solution
and those taking active part in the growth and lbgweental processes are called the
essential ones. Some of these are required in Emgaunts and some in traces. These are
classified as major and micro nutrients, and aréhéu classified as follow :

Major nutrients

Group | : Carbon, hydrogen and oxygen.
Group I Nitrogen, phosphorus, potassium
Secondary Nutrients Calcium, magnesium, sulphur

Micro nutrients:
Iron, manganese, boron, zinc, copper, molybdemuicalorine.

It has been found that the presence of some elsmehich are not considered
essential for plant growth and are not directlyagyned in the nutrition of the crop, but are
present in the plants used as food and feed, avé#gabfimportance to the health of man and
animals. The elements within this group are iodoswhalt and sodium. In addition, there is
another group of elements which are toxic to thienals feeding on the plants containing
them. These are selenium, lead, thallium, arsemdt fauorine. Elements, such as sodium,
fluorine, nickel, lead, arsenic, selenium, alummiand chromium, when occurring in soils in
high available amounts, may also prove toxic toplaats and restrict their growth.
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Some elements, occurring freely in the soil, dsogbed by the plants as impurities.
They may occasionally stimulate growth althoughythee not essential for plant growth.
They include lithium, strontium, tin, radium, bdiyim, vanadium, barium, mercury, silver
and bromine.

Silica is reported to be ‘beneficial’, particularh rice but is not classified as essential
as per the criteria fixed for this purpose.

Essential plant nutrient

i). The completion of the life cycle of the plar@nnot be achieved in the absence of such
an element.
iM). Plays a specific role in the plant.

iii).  Causes set back to growth of the plant shawirsual symptoms when the plant is
deficient in it.

Sixteen elements identified as essentialisted inTable-A. Carbon, hydrogen and
oxygen are obtained from air & water. The othertd¢igin elements are referred to as fertilizer
elements and have to be obtained from the soiloaratided through chemical fertilizers or
organic manures. Their addition in quantities nsapsfor plant growth will increase the
growth rate, dry matter content and yield of thepcr

e Plant nutrients are usually absorbed through roBtts have the ability to absorb
nutrients selectively.

e Root absorption takes place both as active andveaabsorption.
0 Active absorption takes place as an exchange phemomand requires energy.
Most plant nutrients are absorbed in this manner.

o0 Passive absorption is part of the transpirationecfimass flow). Water and some
dissolved solutes are absorbed by this process.

e Gas exchange takes place through the stomata fiouledves. Carbon dioxide required
for photosynthesis and oxygen required for plartt sespiration are exchanged through
the leaves.

The supply of an adequate quantity of a particalgrient for crop growth depends on both
the behaviour of that nutrient in the soil andabdity of the crop root system to utilize it.

When these elements are not available to the mhaguantities optimum for growth, the

quantity and quality of yield is affected. Thisqueres regular fertilization of crops after
determining soil nutrient deficiency.
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Table A: Nutrients Essential for plant growth andforms in which taken up by plants

Nutrient Chemical symbol | Form taken up by plant
Primary Nutrients

1. Carbon C CO,, HCGs

2. Hydrogen H H,O

3. Oxygen O H20, G

4. Nitrogen N NHs", NO; ~

5. Phosphorus P H,PO, ", HPQ,

6. Potassium K K*

Secondary Nutrients

7. Calcium Ca (o

8. Magnesium Mg Mg?*

9. Sulphur S SO, %

Micro Nutrients

10. Iron Fe FE', Fe', chelate

11. Zinc Zn Zn**, Zn(OH),, chelate
12. Manganese Mn Mn?* chelate

13. Copper Cu CU*", chelate

14. Boron B B(OH);

15. Molybdenum Mo MoO, -

16. Chlorine Cl Cl-

Deficiency of an element
When an essential element is at a low eotmation in the plant tissues, it will result in
the decrease in normal growth of the plant, affeetcrop yield and produce more or less
distinct deficiency symptoms.
e Typical deficiency symptoms are not often cleardfined. Masking effects due to other
nutrients, secondary causes like disease, herbimgieity or insect infestation can
confuse field diagnosis.

e Waterlogged conditions or dry soils and mechanilzahage can often create symptoms
that mimic deficiencies.

e Deficiency symptoms always indicate severe staowati
Insufficient levels
When the level of an essential plant nutrient iswehe required amount for optimum yields

or when there is an imbalance with other nutrieibtss considered insufficient. The
symptoms of this condition are seldom clearly \&silbesulting in poor yield.
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Toxicity

Certain essential plant nutrients, if taken upwess will often cause nutrient imbalances
and will result in poor plant growth, delayed métyrstunted and spindly growth and also
show visible symptoms of chlorosis or necrosis.

2.2.  Fate of Nutrient Elements in Soil

Nutrients are lost through Crop removal, Erosioaathing, Volatilization, Denitrification
and Fixation.

Crop removal

e Plant species have specific requirements of platrtents.

e Nutrient removal depends on Growth condition, Csamitation, Cultivation and Yield
obtained

e Grain crops require more nitrogen than other notsiePulses require more phosphorous
while crops such as tomato, banana and pineapgigreemore potassium compared to
other nutrients.

Erosion
Entire top soil is lost through erosion by watemand; this results in loss of soil phosphorus.

Leaching

e Water percolating through a soil profile carry dised nutrient elements. Nutrients are
easily lost in humid regions and sandy soils.
e Bare soil loses more nutrients than cultivatedssoil

Volatilization

Nitrogen is easily lost through volatilization asi@onia, particularly in paddy soils and
upland soils in poorly drained areas. This is reféto as ammonia volatilization. This loss is
enhanced by high temperature and wind.

Denitrification

Nitrate form of N is lost through denitrificationha&re nitrogen gas or nitrous oxide is
released. This loss occurs mainly in paddy soitsiarupland soils which are saturated with
water periodically or part of the time

Fixation
e Takes place by conversion of a nutrient to an uitetvla form.
e Phosphorus is converted to unavailable forms hothcidic and alkaline soils, as Al/Fe

phosphate or G{PQy), respectively.
e Potassium and ammonium N can be fixed by certaip linerals.
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2.3. Function of Nutrients in Crop Productions

In the nutrition of a crop various nutrients penfiodistinct functions. Their relative
essential role depends upon whether they enteranémnical composition or regulate the
various physiological processes in the plant.

Carbon. The plant absorbs carbon dioxide directly fromatmosphere. This combines with
water in the presence of light and forms the pnmsurgars, such as glucose and fructose
(fruit sugar). Chlorophyll is the pigment which abss the radiant energy of the sun and
brings about complex chemical syntheses of carboxidé and water resulting in simple
sugars. This process is called photosynthesigrahssis in light. Thus, by the combination
of carbon with water, sun’s energy is stored inglant body, and the first carbohydrates are
formed in the plant. From the carbohydrates complagars, starches, hemicelluloses and
celluloses are formed.

These simple sugars also polymerise (chemicallybto@) into oils and fats. For
instance, the soluble carbohydrates (sugars) deeream 37.5 to 4.5 per cent during the
ripening of sunflower seed. Same has been obsatveat oil in niger seeds.

Oxygen Oxygen is part of water as well as carbon dioxMéen water combines with
carbon dioxide oxygen is evolved:

6CQ, + 6H0 -- GH106 + 60,

Thus, the oxygen evolved in the process equalsdhene of carbon dioxide absorbed by the
plants. This evolution of oxygen takes place inghecess of photosynthesis.

The process is reverse in respiration when a simpéecomplex sugar, fat or oils breaks up.
It requires oxygen and gives out €0

CsH1206 + 60, — 6CQ + 6H,0
(Glucose)

Six molecules of carbon in the glucose combine withmolecules of oxygen to form six
molecules of carbon dioxide. In the process sixatwles of water are formed. Thus, oxygen
plays a dominant role in the processes of photb&git and respiration in plants.

Hydrogen. It is one of the most important elements in thagure. It readily combines with
oxygen to form water and with carbon to form comptfiemical organic compounds. The
growth of plants would only take place if adequatntity of water is supplied to meet the
needs of hydrogen for synthesis of organic subs@n&hen organic compounds either break
up in the plant or decompose in the soil or atmesphthe released hydrogen always
combines with oxygen and forms water. Thus, théhamge of hydrogen takes place in either
of the synthesis or decomposition (including resjpon) processes.

Nitrogen. It is not only an essential part of carbohydratets and oils but also an essential
ingredient of proteins. Other constituents of pradeare oxygen, hydrogen and nitrogen,
usually sulphur and sometimes phosphorus. The rajirthe proteins have the following
composition (in per cent):
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Carbon 50.0-55.0

Hydrogen 6.5-7.3
Nitrogen 15.0-17.6
Oxygen 19.0-24.0
Sulphur 3.0-5.0

When proteins decompose through hydrolysis theg giut amino acids; reversely, when
proteins are formed or synthesized the basic suibssaare amino acids.

Nitrogen is the basic nutrient and makes up 1-4%ag weight of plants and it forms
chlorophyll, amino acids, proteins, alkaloids andtpplasm. In the plant sap ammonia,
nitrates and nitrites are found only in traces @mywsmall quantities. When the plant takes up
large quantities of nitrogen from the soil the ecol®f the plant changes to dark-green,
indicating the increase of chlorophyll in the plaBince the amount of chlorophyll in the
plant determines the carbohydrate synthesis, m@trom a way, may be said to control this
activity. When there is less uptake of nitrogerg kaves remain small and pale-yellow in
colour. As the level of nitrogen supply increasssmpared with other nutrients, the extra
protein produced enlarges the leaves which provideger leaf surface for photosynthesis
and makes the leaves more succulent and less caacseases the length of the growing
season and delays maturity. In relation to shooivtr the root growth is depressed. It helps
in seed formation and increases the food and fakd\of cropsBut when the crop plants
become more succulent due to larger availability ofitrogen they become susceptible to
pests and diseases.

Source of Nitrogen to the plants are following:

i)  Free living micro-organism fix 16-50kg N/ha/year.
i)  Organic matter in the soil by decomposition produde2 percent N per ha
and contribute 20-45 kg N/ha.
iii)  Rain water adds about 5-6 kg N/hal/year.
iv)  Nitrogenous chemical fertilizers and organic masufecompost / vermi
compost are an important source of N supply tosrop

Phosphorus. It is a constituent of the cell nucleus, essental cell division and the
development of meristematic tissues at the growiomts. It makes 0.1 to 0.5% of dry
weight of the plant. Therefore, plants which carmtodorb adequate quantities of phosphorus
from the soil have small root system and leaves, @eir growth is stunted. In cereals
tillering is reduced and maturity is delayd@hosphorus is particularly helpful in the
production of legumes, as it increases the activitgf nodular bacteria which fix nitrogen

in the soil. It aids the formation of seeds and fruits, paracylin the legumes. It stimulates
early root growth and development. Optimum quardftphosphorus available to the crop in
combination with nitrogen balances their shoot @ad growth.

PotassiumUnlike nitrogen and phosphorus, potassium is notcamstituent of the
carbohydrates, oils, fats and proteins, the substgawhich form the fabric of the plants. But
it plays a vital role in the formation or synthesfsamino acids and proteins from ammonium
ions which are absorbed from the soil. It is alsostdered essential in the photosynthetic
activity of the leaves. When potassium is in sksopply the carbon dioxide is synthesized
into sugars more slowly than when it is availabte dptimum quantity. The relative
concentration of sodium and calcium also influertbesactivity of potassium in the plant. It
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helps in moving manufactured food, viz., carbohtekgsugars) and proteins (amino acids),
from leaves to roots. It favours the growth of legas in competition with other plantshe
stalks and stems (of plants) are more stiff when aadequate supply is available than
otherwise. In consequence the lodging in cerealsfisduced. It increases the plumpness
of the grains. In general it imparts vigour and resstance to diseasesSome crops, such as
potato, tomato, clovers, Lucerne and beans, are mesponsive to potassium than other
crops. As larger quantities of carbohydrates anuteprs are stored, it increases winter
hardiness of some plants, such as Lucerne. Ititatest 0.8t03.0% of dry matter in cereals.

Sulphur. Sulphur is a constituent of many proteins, and @&idthe formation of chlorophyll
and root growth. Plants having an abundant supipsulphur develop dark-green leaves and
extensive root system. In legumes the nodular igtisy appreciably increased by adequate
supply of sulphur. Due to larger availability ofopgins the plant growth is vigorous. It
improves the starch control of tubers.

Calcium. Calcium is essential for the formation of celllwaas calcium pectate forms part
of the middle layer of the cell-wall. The middleralla regulates the entry of only those
nutrients which are not toxic to the plant. In rtips calcium is very essential for the
meristematic activity or formation of new tissudsalso helps to keep up sustained activity
of the nodule bacteria in legumes.

Besides its direct nutrient value, calcium when agped to acid soils increases the
availability of other nutrients, like phosphorus, ntrogen and molybdenum. Excess of
calcium in the calcareous soils depresses the uptakf potassium and magnesiunirhese
are secondary effects of calcium on plant growth.

Magnesium. The chlorophyll development is much reduced wheagmesium uptake is
restricted because it is an integral part of thggm@nt. It maintains the dark-green colour of
leaves andregulates the uptake of other materials, particulaly nitrogen and
phosphorus It appears to play an important role in the tpamsof phosphorus, particularly
into the seeds. It is also said to promote fornmavd oils and fats, possibly by increasing
photosynthetic activity in the leaves.

Iron. Although iron does not enter into the compositimin chlorophyll, its deficiency
manifests itself in chlorosis, yellowing or whitemg of leaves The concentration of iron
ions plays and important part in the oxidation psxcin leaf cells. When iron is not taken up
in adequate quantity, the growth of plants is Mgerous, and seed and fruit development
suffer as a consequence of decreased photosyn#utititty in the leaves. Too much liming
results in iron deficiency. Sever deficiency resutt chlorosis and leaves turn white and
eventual leaf loss.

Manganese Manganese is an essential element and appeaaséeaalrole in the formation or
synthesis of chlorophyll. Due to deficiency of mangse the carbohydrate synthesis is
disturbed, resulting in retarded growth, decreasethie content of ash and failure to
reproduce. The leaves and roots of plants deficGiremianganese have much less of sugars
than those which can absorb sufficient quantitym@nganeseManganese, probably in
association with iron, is a constituent of some regatory enzymes and some enzymes
responsible for protein synthesis from the amino ads formed in the leaves.
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Boron. One of the most marked effect of boron deficiermbyserved is the restricted
development of nodules on the roots of legumesy \ftle nitrogen is fixed in these nodules.
Besides, its deficiency influences the growing pmiof stems, buds and roots. The tissues
carrying the minerals and water from the soil te thaves are also disorganized in the
absence of boron. The leaves become britleny deficiency diseases, such as internal
cork of apples, heart rot of sugar-beets, top rot fotobacco and cracked stem of celery,
are caused by its deficiency.

Zinc. In a general way zinc is associated with the devedment of chlorophyll in leaves
and a high content of zinc is correlated with ahh&gnount of chlorophyll. In its absence
growth is less, buds fall off and seed developmerimited. In peach and apricots zinc-
deficiency symptoms are manifested in leaf. In $ine@és bronzing of leaves is mitigated by
spraying zinc sulphate on leaves. The citrus nmgftbf leaves may be frequently due to the
deficiency of zinc in the plant.

Copper. In the chloroplasts of leaves there is an enzynmichvis concerned with the
oxidation-reduction processes. The presence of eropp essential for this enzyme to
function. Thus, copper plays an important role in the processof photosynthesis
Deciduous fruit trees affected with chlorosis, ttsg and dieback recover quickly on
application of copper sulphate to the soil in anmtswanging from 0.5-2 Ib. per tree.

Molybdenum. The presence of molybdenum is very essential for ¢hfixation of
atmospheric nitrogen the roots of legumes by nodulbacteria. In plants it is essential for
the nitrate-reducing enzyme, as plants well sugpligth ammonium do not need it as an
essential element. The deformity of ‘whiptaill prmeéd in cauliflower is due to the
deficiency of molybdenum.

Considering the role played by various essent&hehts they may be grouped as follows:

Group | Energy exchangers Hydrogen and oxygen
Group Il Energy storers Carbon, nitrogen, phosphand
sulphur
Group 1l Translocation regulators Potassium, sogicalcium and
magnesium
Group IV Oxidation-reduction Iron, manganese, molybdenum,
regulators copper, boron and zinc

This grouping is based on the physiological funddiof the elements in the synthesis
of carbohydrates, proteins, fats, oils, enzymes athér substances which are part of the
active mass of protoplasm. In plants all functiaare well coordinated for growth and
development. Growth is disturbed in proportionhte tieficiency of any of these nutrients.
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CHAPTER 3
DEFICIENCY SYMPTOMS OF NUTRIENTS IN PLANTS

The plants exhibit hunger signs when they caadeiquately absorb plant nutrients.
These symptoms of hunger for nutrients are readitpgnizable under field conditions. The
hunger can be readily satisfied by the applicatibfertilizers to the soll.

Hidden hunger

There are no visual symptoms of deficiency but glent is not producing at its capacity.
When the plant reaches the level where symptomsaapghe yield may already have been
greatly reduced.

Identification of nutrient hunger signs is basicpifitable crop production as it helps in
deciding about its application to the soil/cropfibiency symptoms can be categorized into
five types.

i)  Chlorosis, which is yellowing, either uniform oténveinal of plant leaf tissue due
to reduction in the chlorophyll formation.
i) Necrosis, or death of plant tissue.
iii)  Lack of new growth or terminal growth resultingrosetting.
iv)  An accumulation of anthocyanin and / or appearaheereddish colour.
v)  Stunting or reduced growth with either normal orkdgreen colour or yellowing.

The symptoms of nutrient-wise deficiency are désatibelow. Typical deficiency symptoms
in one of the major serial crop i.e. rice are deggldn plates 1-T"L The effect of soil salinity
on crop condition is shown in plate*.2

Nitrogen. The nitrogen-deficient plants are light green aloar. The lower leaves turn
yellow and in some crops they quickly start dryingup as if suffering from shortage of
water. The growth is stunted and stems or shoots are ddaith cereals tillering is
restricted. In corn if nitrogen deficiency persite yellowing will follow up the leaf midrib

in the typical V-shaped pattern with the leaf masgiemaining green. The drying up of lower
leaves is generally referred to as firing. In sngadlins, namely, wheat, barley and oats, the
nitrogen- starved plants are erect and spindlythadeaves have yellowish-green to yellow
colour. The stems are purplish-green. In potatdahénlater stages of growth, the margins of
lower leaflets lose their green colour and becorake-pellow. In cotton the blades and
petioles are reduced in size, turn yellow or broawd die. Plants produce fewer lateral
branches, reduced number of fruiting branches,\vang much reduced number of flowers
and bolls. In legumes the growth is stunted anddier leaves are pale-yellow or brownish
in colour. In citrus the leaf shedding is heavyeifheaves are small in size, thin and fragile
and have light green colour. In deciduous fruitesrethe leaves have yellowish green
appearance. The old, mature leaves are discolonoad base to tip. Under prolonged
deficiency twigs become hard and slender. In vddesathere is retarded growth with leaf
chlorosis. The stems are slender, fibrous and [jBfate-1)

Phosphorus.Generally the plant is dark-green but the lowarés may turn yellow and dry
up. Growth is stunted and leaves become smallsizev In corn, leaves and stems have a
tendency to become purplish; young plants are stbahd dark-green in colour. Small grains
have dark-green colour and often have purplishetifidney have retarded growth. In potato,
in early stages, the plants have stunted spindiwtr. The tubers have rusty-brown lesions

*Source:- A practical Guide to Nutrient Managementlaternational Rice Research Institute, DAPO Box 77, Metro
Manila, Philippines. Edited by Thomas Fairhurst &hristian Witt.
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in the flesh in the form of isolated flecks whicbmsetimes join together to produce larger
discoloured areas. The cotton plants have darkagteur, leaves and stems are small, and
the bolls mature late. Besides the dark-green cotdulegume plants their petioles and

leaflets are tilted upwards. The plants are spirdiigl stunted. Their stems often turn red. In
citrus the plants show reduced growth. The oldavds at first lose their deep-green colour
and luster, and develop faded green to bronze cdiecrotic areas develop on such leaves.
In deciduous fruit trees the young leaves have -degkn colour while mature ones have

bronze or ochre dark-green colour. The new twigs séender. In vegetables although the
growth is retarded the leaves do not show symptohthlorosis. In many crops the under

surface of leaves develops reddish-purple colobe $tems are slender and woody. They
bear small, dark-green leaves. (Plate-2)

Potassium.The margins of leaves turn brownish and dry upe $tem remains slender. In
tobacco there appear small spots of dead tissweebatthe veins, at leaf tips and margins
which are tucked or cupped up. In maize, in thengpstage, the edges and tips become dry
and appear scorched or fired. At a later stageatl-grown plants the leaves are streaked
with yellow and yellowish-green colour, and the gias dry up and get scorched. Similar
symptoms are shown by oats, wheat and barley. tat@dhe deficiency of potassium is
acutely manifested. The plant growth is retardbd,internodes are somewhat shortened, the
leaf size is reduced and they form a sharper angtethe leaf petiole. The leaflets become
crinkled and curve downward. The older leaves becgmllowish, develop a brown or
bronze colour, starting from the tip and edge aratgally affecting the entire leaf, and
finally die. Malnutrition symptom in cotton is olbrsed in ‘cotton rot’, which first appears as
yellowish-white mottling and then changes to yeiklwgreen; subsequently yellowish spots
appear between the veins. The centres of thess dgoand numerous brown specks occur at
the top, around the margin and between the veins.bFeakdown first occurs at the tip and
margin of the leaf. The leaf curls downwards befibteecomes reddish-brown and dries up.
In legumes the first symptoms consist of yellow thg around the edges of the leaf. This
area soon dries up and dies. The plants have dtymtavth. In citrus there occurs there
occurs excessive shedding of leaves at blossom fiihere is a tendency for the young
shoots to shed before they become hardened. Thiesleme small. In deciduous trees the
necrosis (death of tissues) in foliage occursn#erotic areas varying in size from very small
dots to patches or extensive marginal areas. Fgliagpecially of peach, becomes usually
crinkled. Twigs are usually slender. In vegetabteps in the older leaves bronze and
yellowish-brown colours are manifested near theginar Specks develop along the veins of
the leaf. Ultimately the tissue deteriorates ares djPlate-3)

Magnesium The symptoms of magnesium deficiency at first ifiesh themselves in old
leaves. In tobacco the lower leaves are chloraticdm not show dead spots. The tips and
margins of the leaf are turned or cupped upwaftus.stalks are slender. In maize leaves a
slight yellow streak develops between the paraléghs in the leaves. In acute deficiency
these streaked tissues may dry up and die. In ggnailhs the plants are dwarfed and turn
yellow. Sometimes leaves exhibit yellowish-greeicpas. In potato the affected leaves are
brittle. The chlorosis in legumes begins at theai margins of the lowermost leaf, and
progresses between the veins towards the centte déaflet. Eventually the tissue between
the veins is filled with brown, dead areas. In @otthe lower leaves have purplish-red colour
with green veins. In legumes the areas between w&ns of the leaves become pale-green,
which later turn deep yellow. At a later stage abvgth the leaf margins curl downwards
accompanied by a gradual yellowing and bronzingnfriithe margin inward. In vegetable
crops the symptoms are similar. The chlorosis app@at between leaf veins of new leaves
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and then spreads to older leaves. The chlorotiasalecome brown or transparent and
ultimately marked necrosis of affected tissue ogclr citrus trees the green colour fades in
the leaf, parallel to the midrib, and spreads fribvare. However, the base of leaf usually
remains green even in very advanced stages ofielefic of magnesium in the plants. In
deciduous fruit trees necrosis occurs as fawn-cetbpatches on most mature, large leaves.
The affected leaves drop, leaving a tuft or rosettéhin, dark-green leaves at the terminal
part of the twigs. (Plate-4)

Calcium. Generally the deficiency symptoms due to calciganvation are localized in new
leaves and in bud leaves of plants. In severe ¢hsderminal bud dies. In tobacco the young
leaves making up the terminal bud first becomecsity hooked and dieback at tips and
margins. The stalk finally dies back. In maize tips of the unfolding leaves gelatinize and
when they dry they stick together. In potato atligreen band appears along the margins of
the young leaves of the bud. The leaves often havenkled appearance. In cotton calcium
deficiency makes the petioles bend and later celapm vegetables the stems grow thick and
woody, and the new leaves are chlorotic. The neswtyr lacks turgidity. In legumes the
nodules developed are small and fewer in numbecittas the green colour fades along the
edges of the leaf and this spreads to areas betwsen. The symptoms appear first in
immature leaves of deciduous fruit trees, espgcthtbse at the top which dieback from tips
and margins or along the midribs. Later on the $vatyo dieback. (Plate-5)

Zinc. Various plant species show different symptomgio€ deficiency. In tobacco lower
leaves are at first involved. They are mottled lolotic with spots which rapidly enlarge
involving secondary and primary veins in successidre leaves are thick. They have short
internodes. On maize seedlings ‘white bud’ diseaseoticed. It is a type of chlorosis or
fading of dark-green colour. These are small wkpets of inactive or dead tissue. The
leaves of opening buds have white or light yellmloar. Hence he zinc deficiency disease is
called ‘white bud’ disease. Potato plants withaot Zorm grayish-brown to bronze-coloured
irregular spots, usually appearing in the middlehaf leaves. The affected tissue sinks and
finally dies. Extreme deficiency of zinc manifests chlorotic conditions and in darker-
coloured veins of leaves. It is difficult to digginish these symptoms under field conditions.
In vegetable crops the new leaves have mottledaappee with yellow colour. In acute cases
the necrotic or dead areas are found on new leévizde-6)

Boron. The deficiency symptoms of this nutrient are uguakalized on nerve or bud leaves
of the plant. In tobacco the young leaves havet Igyleen colour at their bases. This is
followed by breakdown for this tissue. In old leaweith acute deficiency they show twisted
growth. The stalks finally dieback at the termirmld. In corn the younger leaves are
dwarfed. Their tissues are white and the growipg tlead. Under field conditions the plants
have weaker ear-shanks and stalks. Their leavegetioavish in colour. In the potato fields
boron-deficiency symptoms occur in the tubers rathan on the veins. the tubers on boiling
show much sloughing, are fairly saggy and haveaaffavour. In sand culture devoid of
boron, the plants are short and bushy. The growoigts are soon killed and the growth of
lateral buds is stimulated. The leaves thicken madgins roll upwards. The leaf points and
margin of older leaves die prematurely. The tubéesides being small in size, have a
ruptured surface. In cotton the effect is localitederminal buds which dieback, resulting in
multi-branched plant. The young leaves are yellovgszen and flower buds are chlorotic. In
vegetables the growing tissues of stems and raetsnzolved. The new bud leaves and
petioles have light colour, are brittle and areoftleformed in shape. Rosetting due to short
internodes is pronounced at the shoot terminal® [Elgumes also have resetting at the
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terminal buds. The buds appear as white or ligbtvbrdead tissue. The plants have little
flowering. In citrus the deficiency symptoms aredbized to new growth. New leaves have
water-soaked flecks, which become translucent.fiithiess have hard, fumy lumps in the rind.
In deciduous trees symptoms appear on terminalas®f twigs. The young leaves have
chlorotic appearance and are wrinkled. Due to sedeficiency the twigs and spurs show
symptoms of dieback. (Plate-7)

Manganese In this case also the symptoms are localizedetminal buds which remain
alive, but the bud leaves are chlorotic with veight or dark-green. In tobacco the young
chlorotic leaves develop dead tissues scattered thee leaf. The smallest veins tend to
remain green, which gives chequered effect ondheds. In oats the ‘grey speck’ disease has
been found associated with manganese deficiengyotato the terminal buds remain alive,
chlorosis of newer tissue occurs and numerous dmadn patches develop which in time
become more extensive. In cotton the terminal bedsain alive but upper or bud leaves
become yellowish-grey or reddish-grey while veiesnain green. In vegetables the new
leaves become chlorotic while veins remain greencéreals the leaves turn brown or
transparent; this is followed by necrosis of thieeted tissues. In legumes the terminal buds
remain alive but leaves become light green or yeliith green veins. Later on dead tissues
appear on the leaf. Although in citrus the leavasehnormal shape and size their veins
remain green while the tissue in between becorgbsdireen to grey in colour. (Plate-8)

Iron. The iron-starved plants have short and slenddk. staeir terminal buds remain alive
but their new leaves show chlorosis of tissueseimvben the veins, which themselves remain
green. In tobacco the young leaves from the terniinds show chlorotic appearance. The
veins of these leaves remain typically green. langpleaves a slight uniform chlorosis is at
first noticed. The margins and veins retain greglowr. The leaves become pale-yellow and
subsequently white. In vegetable crops the neweleaevelop light yellow colour in between
the veins. Later on the entire leaf becomes yellalegumes the leaves turn yellow with the
veins remaining green, and on leaves spots of tiesuks appear, particularly at the margins.
These dead tissues, in due course, drop away.tias cihe dying of twigs is common,
accompanied by chlorosis of leaf tissues in betwbenveins. The growth of plants is very
much restricted. (Plate-9)

Copper. The terminal buds remain alive but wilting or dlasis of bud leaves takes place
with or without spots of dead tissues. The veintheke leaves remain light or dark-green. In
tobacco the young leaves remain permanently willédy do not have spotting or marked

chlorosis. Deficiency in potato is recognized bg tilting of young leaves and loss of turgor
of terminal buds which drop when flower buds areed@ping. There is no pronounced

chlorosis but drying of leaf tips occurs in advahc#ages. In vegetables the growth is
retarded and leaves lack turgidity. They exhibibobsis as if they are bleached. In legumes
the young leaves wilt with or without chlorosis. &xtreme deficiency there may occur
excessive leaf shedding. In citrus the large leavedrequently malformed, and have a fine
network of green veins on a light green backgrodrtte fruits have gummy excrescences.
(Plate-10)

Sulphur. Generally the terminal bud remains alive. The gz of younger leaves takes
place. In tobacco the whole leaf has light greelowo only younger leaves show these
symptoms without injury to terminal buds. The syomps of chlorosis in young leaves of
potato develop slowly but growth of plants is miéy checked. Similar dwarfing of plants
occurs in cotton but the green colour of new leal@ss not show any change. In vegetables,
the leaves develop yellowish-green colour, and becthick and firm. The stems harden and
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sometimes become abnormally elongated and spihaliegumes the younger leaves turn
pale-green to yellow, while terminal buds remaiiveal The growth of citrus slows down.
The new leaves develop very light yellow-greendtiowv colour. (Plate-11)

Molybdenum. The deficiency is markedly evident in legumes, tipatarly in the
subterranean clover. Molybdenum-starved plants allewish to pale-green colour.

Prominent nutrient deficiency symptoms in plants sammarized below ihable- B:

Table — B
Nutrient Colour change in lower leaves
N Plant light green, older leaves yellow
P Plants dark green with purple cast, leaves aamtgpbmall
K Yellowing and scorching along the margin of oltkaves
Mg Older leaves have yellow discolouration betweazins-finally
reddish purple from edge inward
Zn Pronounced interveinal chlorosis and bronzintpates
Nutrient Colour change in upper leaves
(Terminal bud dies)
Ca Delay in emergence of primary leaves, termindkldeteriorate
B Leaves near growing point turn yellow, growth bagpear as white
or light brown, with dead tissue.
Nutrient Colour change in upper leaves
(Terminal bud remains alive)
S Leaves including veins turn pale green to yellavet fappearance in
young leaves.
Fe Leaves yellow to almost white, interveinal cbBs at leaf tip
Mn Leaves yellowish-gray or reddish, gray with greeins
Cu Young leaves uniformly pale yellow. May wilt aither without
chlorosis
Mo Wilting of upper leaves, then chlorosis
Cl Young leaves wilt and die along margin
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CHAPTER 4
SOIL TESTING

Soil testing refers to the chemical analysis oflssand is well
recognized as a scientific means for quick chareetion of the fertility status
of soils and predicting the nutrient requirementps. It also includes testing
of soils for other properties like texture, struetupH, Cation Exchange
Capacity, water holding capacity, electrical corttity and parameters for
amelioration of chemically deteriorated soils foecommending soil
amendments, such as, gypsum for alkali soils ané for acid soilsOne of
the objectives of soil tests is to sort out the nuént deficient areas from
non-deficient ones.This information is important for determining whet the
soils could supply adequate nutrients for optimuopgoroduction or not. As
farmers attempt to increase their crop productmme of the questions they
ought to ask is whether the addition of fertilizeitl increase the yield and
whether it will be profitable?  Fertilizer use édube aimed at economic
optimum vyield per hectare. The National interestuldobe to obtain the
maximum Yyield from the area under cultivation whitee farmer’s interest
would be to obtain profitable yields and not neaefsthe maximum yields.
Indiscriminate use of fertilizer is not an answerany one of the problems as
this not only increases the cost of crop produchionalso results in deleterious
effects on soil fertility. The concept of balanaaatrition of crops also guides
the use of plant nutrients in a definite proportsrequired by the crops which
is possible only if one knows the available nutristatus of his soilsSoil
testing helps in understanding the inherent fertdtatus of the soils. Further,
various factors other than poor soil fertility malgo be responsible for poor
crop production but soil fertility status assumegraater importance. Each
fertilizer recommendation based on a soil analgbsuld take into account the
soil test value obtained by the accurate soil aislythe research work
conducted on a crop response to fertilizer apptioain a particular area and
the practices and level of management of the coedefarmer. The soil test
aimed at soil fertility evaluation with resultingrtilizer recommendation is,
therefore, the actual connecting link between thwm@omic research and its
practical application to the farmers’ field.

4.1 Historical background of Soil Testing Service andrertility status of
Indian Soils

The soil testing programme was started in Indianduthe year 1955-56
with the setting-up of 16 soil testing laboratonegler the Indo-US Operational
Agreement for “Determination of Soil Fertility arfeertilizer Use”. In 1965,
five of the existing laboratories were strengtheaed nine new laboratories
were established with a view to serve the Intenshggicultural District
Programme (IADP) in selected districts. To meetitioeeasing requirement of
soil testing facilities, 25 new soil-testing labtm@es were added in 1970. In
addition to this, 34 mobile soil testing vans westablished under the joint
auspices of the Technical Cooperation Mission ofAUSCM), IARI and
Government of India to serve the farmers in remertas and also provide
education to the farmers on the benefits of baldregilization through group
discussions, demonstrations, film shows etc. Tlea i@ create the mobile soil
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testing facility was to serve the farmers almoghatr doorsteps. The capacity
of the soil testing laboratories in the intensigei@ultural districts was initially
created to analyse 30,000 soil samples annualbalsi laboratory.

The installed capacity of the Ilaboratories varieconf 1000
samples/yr/lab (some cases in UP) to 30,000 toOBOsamples/year in Tamil
Nadu. A laboratory with 30,000 samples/year capacited to be called as a
standard laboratory in the initial years of thegseanme. Out of 354 testing
laboratories functioning with an analysing capactyapprox. 4 million soil
samples per year during 1981, 90 laboratories badhless than 5000 sample
analysing capacity per annum, 142 labs had 6-10s@@tples capacity, 65 labs
had a capacity between 11-20,000 samples/year.t#d & 47 labs had a
capacity of 21-30,000 samples per year per lab Ehdabs had more than
30,000 samples/year/lab. Presently, the thinking set-up smaller laboratories
with the analysing capacity of 10-12,000 sampleslydill the year about
1980, the laboratories generally used to analyiesamples for pH, texture,
electrical conductivity, and available N P K. Guyps and lime requirement
were also estimated. After 1980 onwards, microaatranalysis has also been
taken up by the soil testing labs. The processetting up of soil testing
laboratories has continued, year after year, whih financial support from
Government of India. The State Government and #réliZer industry is also
setting-up the soil testing laboratories.

Presently, there are 661 soil testing laboratanetiding 120 mobile
vans operating in 608 districts of the country wathannual sample analysing
capacity of 7.2 million. State-wise position otbapacity is at great variance
from one State to another. Among major Stated/ih) Chattishgarh, Orissa,
Jharkhand and Assam, the number of soil testingrédbries is less than the
number of districts in each State. In other Stagash as Rajasthan, Himachal
Pradesh, Uttarakhand, Bihar and West Bengal, th&beu of labs are just about
equal to the number of districts while the remain8tates have larger number
of labs than the number of districts.

Under the National Project on Management of Seilith and Fertility,
500 stationery and 250 mobile soil testing labspaioposed to be set up during
Xl Plan. This will increase the analysing capadigy 7.5 million soil samples
per year by the end of Xl Plan when these labs mechully functional. Total
sample analysing capacity will become 14.7 millmar year. However, still
there will be a big gap between the projected dapaad the number of farm
holding being over 110 million in the country whiakeally require sampling,
analysis and fertilizer use recommendation anypuaid which if not possible,
at least after a gap of three years period asdipaameasure.

A list of equipment approved for setting up ottistaery and mobile soll
testing labs along with estimated approved costfanding pattern under the
National Project is given aAnnexure-1 and the requirement of staff is at
Annexure-2.

In view of the limited analysing capacity, a stgy which is
scientifically justified and practical has beengested which is as under:-
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i)  Continue to recommend fertilizer use on individsample basis, in
case samples are received directly from the farmers
i)  Recommend fertilizer use based on ‘Composite Sa@m@@e
Analysis’.
i)  Recommend fertilizer use on the basis of villagbldck level
fertility map.

The practice being followed in sontates to make fertilizer use
recommendation for the State as a whole, twiceyea, i.e. during kharif and
rabi conferences is not expected to give benefiesults.

Soil nutrient as an index of soil fertility

Generally, the soil testing laboratories use orgaarbon as an index of
available N, Olsen’s and Bray's method for ava#gaB and neutral normal
ammonium acetate for K. In semiarid tropics, néraitrogen is also used as an
index of available N in soil.

Available nutrient status in the soils is generathassified as low,
medium and high which are generally followed at lNaional level and are as
follows ( Table-1)

Table 1
S.No. Soil Nutrients Soil Fertility Ratings
Low Medium High
1 Organic carbon as a <0.5 0.5-0.75| >0.75

measure of available
Nitrogen (%)
2 Available N as per <280 280-560 >560
alkaline permanganats
method (kg/ha)

D

3 Available P by Olsen’s <10 10-24.6| >24.6
method (kg/ha) in
Alkaline soll

4 Available K by <108 108-280| >280

Neutral N, ammonia
acetate method (kg/ha

The Soil Test Crop Correlation (STCR) Projects@AR including one
for micro nutrients which were initiated in 1967damany State Agricultural
Universities (SAUs) are engaged in refining theitémand categories of soil
fertility classification. It is important to notldt over the decades, only 3 levels
of available N, P, K as determined with the testimgthod as indicated above,
continue to be most operative. In many situatiahs, testing method and the
limit fixed for available K is not found to be ssfactory while nitrogen content
continues to be represented by organic carbon waictimes has no direct
relation with soil available nitrogen. The broadsdifications for soil nutrient
Status is too general and may be only indicativenfdional level appreciation
of soil fertility status and not for the benefit ah individual farmer. This
classification needs refinement.
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Some states like West Bengal, Maharashtra and sothers

following 6 classes of the nutrient status as givehable 2 & 3 below:

are

West Bengal :
Table 2
Soil Fertility Organic Available Available
Level Carbon P05 K0 kg/ha
(%) kg/ha
Very high >1.0 > 115 > 360
High 0.81-1.0 93-115 301-360
Medium 0.61-0.80 71-92 241-300
Medium Low 0.41-0.60 46-70 181-240
Low 0.21-0.40 23-45 121-180
Very Low <0.21 <23 <121
Maharashtra :
Table 3
Soil Fertility Organic Available Available Available
Level Carbon (%) N kg/ha P.Os kg/ha | KO kg/ha
Very high >1.00 > 700 > 80.0 > 360
High 0.81- 1.00 561 — 70( 64 — 80 301 — 360
Medium 0.61-0.80 421 — 560 48 — 64 241 — 300
Medium Low 0.41-0.60 281 — 420 32-48 181 — 240
Low 0.21-0.40 141 — 280 16 — 3P 121 - 180
Very Low <0.20 <140 <16.0 <120

Source : Tondon H.L.S.(2005)

In some states 5 levels of soil nutrient ratings fatlowed such as very
low, low, medium, high and very high.

Micronutrient deficiencies also started becomingaal, beginning with
the intensification of agriculture and using moshtigh analysis chemical
fertilizers. Thus micro nutrient testing facilitiegere also required to be created
in the soil testing labs. Under Indo-UK bilaterabgramme on strengthening
the soil testing faciliies in India during 1980,0 2atomic absorption
spectrophotometers were supplied to the soil tgdfbs in 20 states. Apart
from this, some state governments have also prdvidis equipment to their
soil testing labs under their state plans. Goventneé India is strengthening
the soil testing labs by providing funds for equem including atomic
absorption spectrophotometers. Thus, the tesfingicro-nutrient also began
by the soil testing labs. State Agricultural Unsides and coordinated ICAR
scheme on micro nutrient in soils and Plants ade&kting micro nutrient
deficient areas and setting standards for micraenitr sufficiency and
deficiency in soils and plants.

4.2 Nutrient indexing and preparation of soil fetility maps

Capacity of the solil testing labs to analyse smihgles has always been
inadequate and it continues to be so being at Tlbmsamples / annum as
against more than 110 million farm holdings in gdoeintry out of which about
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35 million are irrigated and partially irrigated ldimgs where fertilizer use is

being practiced at various levels and these farmees advise on fertilizer use.
Thus the need for expanding the soil testing serngcwell recognized. Apart

from expanding the capacity, simultaneously, thailable soil test data are
interpreted to work out nutrient index and prepgesility maps and make

generalized fertilizer use recommendations, inateence of a specific soil test
for all and individual farms.

Ramamoorthy and Bajaj (1969) prepared soil feytilhaps showing
available nitrogen, phosphorus and potassium stdtusdian soil. These maps
were based on 1.3 million soil samples analysethbyend of 1967 by 31 soil
testing laboratories. Parker's ( 1951) method d¢dudating Nutrient Index (NI)
values was used to indicate fertility status ofsstor the purpose of mapping.
Even a minimum of 500 soil samples were taken forkimg out nutrient index
for a given area since the total number of soilyees data were rather small at
the country level.

The following equation is used to calculate Nuririendex Value:-

Nutrient Index = (N1 X 1) + (Nm X 2) + (MNh X 3)
Nt

Nt = Total number of samples analysed for a nutfieany given area.
NI = Number of samples falling in low category otnent status.

Nm = Number of samples falling in medium categdrpuatrient status.
Nh = Number of samples falling in high categorynafrient status.

Separate indices are calculated for different ients like nitrogen,
phosphorus and potassium.

Parker had classified the nutrient index values lg®n 1.5 as the
indicative of low nutrient status and between ©.2.6 as medium while higher
than 2.5 as high nutrient status. Ramamoorthy aajdjBiad categorised these
values as less than 1.7 being indicative of lowiligr status, between 1.71 to
2.33 as medium and more than 2.33 to classifygs hi

Limits of soil test values used were as given eTable-1 above
Based on the information available from 224 dissritor N analysis,

226 districts for P analysis and 184 districts Kgrthe districts falling into
different levels of N, P, K status were reportethé¢cas follows:

Districts falling into
Nutrient Low Medium High
Status
Nitrogen 117 97 10
Phosphorus 106 110 10
Potash 36 98 50
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The soil test information is thus used to depidrieat requirement of
crops on larger areas as per the soil fertility snaphis information is also
useful in assessing the fertilizer use efficientwy igiven soil plant situation

Ghosh and Hasan (1980) had prepared soil fertilidps for N, P and K
on the basis of 9.2 million soil samples analysed50 soil testing laboratories
covering 365 districts in the country. The reporstatus of soil fertility maps
was as under:

% samples in the districts falling into
Nutrient Low Medium High Category
Nitrogen (% Org.| 62.5 32.6 4.9
Carbon)
Phosphorus 46.3 51.5 2.2
Potash 20.0 42.0 38.0

Motsara et. al.(1982) had worked out nutrient intt@x307 districts on
the basis of 5.0 million soil analysis data coketctfrom 300 soil testing
laboratories. The soil nutrient status classifisdi@av, medium and high was
correlated with the fertilizers being consumedhese districts. It was observed
that there was no relationship with actual femitizise in these districts and the
level of soil fertility as depicted from nutriemidex values. This reflects the
inadequacy of the quality of soil analysis and guossibility of other factors
affecting the fertilizer use.

However, the utility of preparing soil fertility rpa continues to be
recognized in view of the fact that such maps @nded for a general planning
of fertilizer supply / use on area basis, in theesze of a specific soil analysis
for each and every farm holding.

Motsara (2002) had computed nutrient index values@epared a soil
fertility map for N, P and K using 3.65 million $ainalysis data collected from
533 sail testing labs representing 450 districtthm country. The level of soil
fertility emerged was as follows:

Percent of Districts as
Nutrient Low Medium High Fertility
Soils
Nitrogen 63.0 26.0 11.0
Phosphorus 42.0 38.0 20.0
Potash 13.0 37.0 50.0

If the maps are prepared for the block / villageével, their utility for
making fertilizer use recommendation widens.

The soil testing capacity has continuously beerremsing in the

country. By 1998-99 there were 396 stationary tsting labs and 118 mobile
vans out of which fertilizer industry had set up étic and 20 mobile vans.
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The analysing capacity in the country was 6.4 omllsoil samples of which
approx. 75% capacity was utilized by analysing &p®.million samples.

By 2004-05 the number of soil testing labs hadeased to 551 with a
total analysing capacity of 6.7 million soil sanmgl@one wise and agency wise
status of the facility was as under:

Zone No. of labs set By Fertilizer Total
up by States Industry
Static | Mobile | Static | Mobile* | Total Total
Labs Analysing
capacity
Per year
(000 Nos.)
East 80 23 - - 103 740.0
zone
North 163 36 5 3 207 2775.0
zone
South 78 33 8 2 121 2157.(
zone
West 78 21 14 7 120 1075.0
zone
Total 399 113 27 12 551 6747.0

Latest ( 2008-09 ) number of soil testing lab661 ) and the analysing
capacity ( 7.2 million soil sample / year ) is giMa theTable 4 below:-

Table 4

Zone No. of labs set By Fertilizer Total
up by States Industry
Static | Mobile* | Static | Mobile | Total | Total
Labs | Analysing

capacity

Per year

(000 Nos.)
East zone 67 8 q ( 75 4850
North East 20 11 0 0 31 223.0
zone
North zone 194 29 4 5 232 3288|0
West Zone 105 24 1( 8 14y 1286|.0
South Zone 136 33 5 2 176 19190
Total 522 105 19 15 | 661 7201.0

* Some of MSTLs have gone into dis-use.
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State wise information is given lnnexure-3 indicating number of districts,
labs in each State along with analysing capacity.

4.3. Soil testing for micro and secondary nutrients:

To ensure that deficient micro and secondhryients are supplied to
the crops, a systematic delineation study has b@gated through All India
Coordinated Research Project of Micronutrients ioilsS & Plants since
renamed as Micro, Secondary and Pollutant Elemer8@sils & Plants. Testing
methods for assessing available micronutrients lheesn standardized and are
being used in soil testing laboratories. The am®whtmicronutrients that can
be removed yearly with the normal crop yields viom element to element
and crop to crop.

In a typical example, it can be noted the¢ crop removes 40 gm
Zinc, 153 gm Fe, 675 gm Mn, 189 gm Cu, 15 gm B andm Mo while
removal by wheat crop is 56 g zinc, 624 g Fe, Mg 249 cu, 489 B and 2 g
Mo/ha ( Tandon, 1989). The total amounts of natredements present in the
soils generally far exceed the requirements of €@m it is the availability of
micronutrients in the soil that matters and is ity dependent on their
solubility as determined by various soil factorBeTorm of nutrients and their
mobility in the plant are given ihable 5below:

Table 5 .The form of nutrients absorbed and the reltive mobility of
elements in plants

Element Form Mobility in Plant
Absorbed
Sulphur S04 =, Relatively immobile
SO2*
Calcium Ca++ Relatively immobile
Magnesium Mg++ Mobile
Boron H3BO3 Relatively immobile
Copper CU+, Relatively  immobile  but
Cu++ mobile under sufficiency
conditions
Iron Fe++ Relatively immobile
Manganese Mn++ Relatively immobile
Molybdenum MoO4= Moderately mobile
Zinc Zn++ Low mobility
Chlorine Cl- mobile

e Plants can absorb S@as directly from the atmosphere.

Suitable soil extractants have, thereforeenbdeveloped for various
micronutrients to predict the available forms ameénts in soils. In India, zinc
is the most widely reported deficient nutrient edgrn Other micronutrients like
copper, manganese, iron, boron, molybdenum andndacp nutrients like
sulphur are also becoming deficient. Suitable rigstmethods are being
standardized under the All India Coordinated RedeaProject on
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Micronutrients. Generally accepted critical limitssoils and plants and the soil
test methods are givenirable 6& 7 below:

Table 6: Usually advocated soil tests and critical levels ofutrients in soils and

plants
Element Soil Test Critical level in Critical level in
Method soil plant
Sulphur Hot water, CaClZ Usual 10 ppm <0.15-0.2%
or phosphate range 8 - 30
Calcium Ammonium <25% of <0.2%
acetate CEC or
< 1.5 me Ca/100 g
Magnesium Ammonium <4% of CEC <0.1-0.2%
Acetate or
<1 me Mg/100g
Zinc DTPA 0.6 (0.4—-1.2) ppm <15-20 ppm
Manganese DTPA 2 ppm <20ppm (10-30
Copper DTPA or 0.2 pm <4 ppm( 3-10)
Ammonium
acetate
Iron DTPA 2.5—-4.5ppm <50 ppni25- 80)
Ammonium 2 ppm
acetate
Boron Hot water 0.5 ppm <20 ppm
Molybdenum | Ammonium 0.2 ppm <0.1 ppm
oxalate

N—r

Cropl/variety differ in their nutrient requirenteand thus have different
levels of critical limits below the content of whicthe plant starts suffering due
to the shortage of the nutrient and start showieficetncy symptoms. In the
table given below, the critical levels of micro asetondary nutrient content in
major soil types and in important cereal cropssa@vn.

Table 7: Critical levels of secondary and micronutrients indifferent soils

and crops
Nutrient Saoll Crop Critical Level Method
S Alluvial | Rice <10 mg kg1 0.15 Cadd
Wheat <10 mg kg1 0.15 Cad
Ca Alluvial | Rice <1.0 ¢ mol kg1 NH4OAC
extractable
Wheat <1.0 ¢ mol kg1 NH4OAC
extractable
Mg Alluvial | Rice <1.0 ¢ mol kg1 NH4OAC
extractable
Wheat <1.0 ¢ mol kg1 NH4OAC
extractable
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Zinc Red Rice 0.45-2.00 ppm | DTPA
and extraction
black Wheat 0.46 — 0.60 ppm | DTPA

extraction
Maize 1.00 — 1.20 ppm | DTPA
extraction
Sorghum | 1.00 — 1.20 ppm | DTPA
extraction
Red Rice 0.60 — 1.00 ppm | DTPA
extraction
Maize 0.65-0.80 ppm | DTPA
extraction
Black Rice 0.84 -1.30 ppm | DTPA
extraction
Wheat 0.54 ppm DTPA
extraction
Alluvial | Rice 0.38 - 0.90 ppm | DTPA
extraction
Wheat 0.40-0.80 ppm | DTPA
extraction
Maize 0.54 —1.00 ppm | DTPA
extraction
Tarai &
river Rice 0.78 - 0.95 ppm | DTPA
belt extraction
Iron Alluvial | Wheat 3.20 ppm DTPA
extraction

Sorghum | 4.40 ppm DTPA
extraction

Black Sorghum | 6.00 ppm DTPA
extraction

Maize 4.00 ppm DTPA
extraction

Manganese Alluviall Wheat | 3.50 ppm DTPA

extraction

Boron Rice 0.50 ppm DTPA

extraction
Wheat 0.50 ppm Hot water

Molybdenum Rice and 0.20 ppm Ammonium

wheat oxalate

Source: Tandon, HSL, Secondary and micronutriecomemendation
for soil and crops — a guide book, FDCO, New Defigi-1-59 (1989)
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Delineation micro-nutrient deficient areas

Under coordinated research project on “Micro-Narits”(1988), 2.51
lakh surface soil samples were analysed from 23 .sis per the critical limits
applicable to different micronutrient, it was ohast that 48% of the samples
were deficient in zinc, 33% in boron, 12% in irdd% in Mo, 5% in Mn, 3%
in Cu. State-wise information is givenTiable 8 :

Table 8 : Extent of micronutrient deficiency in Indian Soil

Name of State/| No. of Percent Samples deficient (PSD)

Union samples

Territory Zn Cu Fe Mn B Mo
Andhra 8158 49 <1 3 1 - -
Pradesh

Assam 12166 34 <] 2 20 -

Bihar 19214 54 3 6 2 38

Delhi 201 20 - - - - -
Guijarat 30152 24 4 8 4 2 1
Haryana 21648 60 . 20 a 0 2
Himachal 155 42 0 27 5 - -
Pradesh

J&K 93 12 - - - - -
Karnataka 27860 73 5 35 17 32
Kerala 650 34 3 <] 0

Madhya 32867 44 <1 7 1 22 18
Pradesh

Maharashtra 515 86 0 24 0 -
Meghalaya 95 57| 2 @ 23 -
Orissa 16040 54 d 0

Pondicherry 4108 8 4 2 3 -
Punjab 16483 48 1 14 2 13
Rajasthan 183 21

Tamil Nadu 28087 58 6 17 6 21

Uttar Pradesh 26126 46 il 6 3 24
West Bengal 6547 36 0 ) 3 68

All India 251547 48 3 12 5 33 13
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The deficient areas were also identified by crogpomse in field trials. Crop
response to thapplication of zinc ( Table 9) andFe, Mn and B ( Table 10)
and Sulphur(Table 11) show the need for the application of these

micronutrients.

Table 9: Response of crops to zinc application

Crop No. of Range of Response t hi | Average
Expt. Individual Mean of response t
Expt. Expt. ha™

Wheat 2447 0.00-4.70, 0.01-1.47 0.42
Rice 1652 0.00-5.47 0.14-1.27 0.54
Maize 280 0.01-3.09] 0.11-1.37 0.47
Barley 17 0.11-1.18 0.49-0.73 0.55
Sorghum 83 0.07-1.35| 0.21-0.65 0.36
Groundnut 83 0.04-0.60, 0.21-0.47 0.32
Soybean 12 0.08-0.69] 0.16-0.39 0.36
Mustard 11 0.02-0.34| 0.14-0.26 0.27
Linseed 5 0.12-0.21) 0.15-0.20 0.16
Sunflower 8 0.01-0.67| 0.15-0.20 0.24
Seasamum i) 0.08-0.15] 0.08-0.15 0.11
Potato 45 1.10-7.60] 2.40-3.90 2.96
Sugarcane 6 8.00-4.30] 1.72-2.40 37.70

Source: Micronutrient Project

Table10: Response of crops to Fe, Mn and Boron piication

Crop No. of Range of Response t ha
Expt. Range |  Mean
Iron
Wheat 81 0.0-2.50 0.82
Rice 31 0.20-4.40 1.39
Maize 2 - 1.04
Sorghum 23 0.03-2.9 0.60
Chickpea 7 0.05-0.82 0.33
Groundnut 10 0.05-0.70 0.89
Sunflower 3 0.46-0.80 0.55
Soybean 3 0.21-1.00 0.34
Potato 37 1.1-6.90 3.40
Manganese
Wheat 69 0.0-3.78 0.64
Rice 110 0.40-1.78 0.49
Sorghum 5 0.29-0.51 0.83
Groundnut 1 - 0.11
Sunflower 1 0.40-0.70 0.55
Soybean 2 0.03-1.03 0.31
Potato 35 1.00-3.90 1.90
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Boron

Wheat 35 0.03-1.19 0.39
Rice 107 0.00-1.67 0.32
Maize 5 0.17-1.05 0.57
Chickpea 7 0.09-0.90 0.35
Black gram 2 0.04-0.35 0.17
Lentil 4 0.04-0.49 0.24
Pigeonpea 2 0.03-0.32 0.19
Groundnut 11 0.05-0.42 0.21
Linseed 2 0.11-0.14 0.12
Mustard 2 0.21-0.31 0.26
Onion 4 3.87-7.30 4.47
Sweet Potato 2 0.67-7.0 4.42
Cotton 2 0.06-0.35 0.21
Table 11 : Crop response to sulphur application :
Crop No. of Yield Mean %age
Expts. with Increase average
outS in  vyield response
g/ha due to
sulphur
Wheat 6 26.1 0.7 27
Rice 3 36.0 13.1 36
Maize 1 14.3 4.7 36
Groundnut | 8 13.7 2.2 15
Potato 3 119.0 35 30
Source : Tondon(1989) — Secondary and MicronutriRetommendations
for Soils and Crops
Mustard 57 13.66 4.67 42.00
Groundnut | 23 17.85 5.66 31.7
Soyabean 8 14.26 3.61 25.3
Sunflower 6 12.33 2.49 20.2

Source: Hegde DM and Suddakar Basu S.N.(2009) mndibarrnal Fertilizer.
Vol 5(4), pp.29-39

Soil test data for contents of available N, P, i amcronutrients in soils show that
these nutrients vary from low to medium in largeaa. The data from field trials on
crop response clearly bring out the benefits ofapplication of these plant nutrients
in varying quantities and proportions.

Some typical data from all India projects presentethe foregoing pages generally

brings out the existence of wide spread deficienak essential plant nutrients in

Indian soils. This clearly shows that there is vesitablished need to test the soils to
determine specific nutrient requirement of cropsocgvaluate soil fertility status.

4.4. Soll Fertility Evaluation Techniques:

Basic aim of the soil testing is to assess thdlifgrstatus of the soils so as the
recommendations for the fertilizer use and soil adneents, if necessary, can be
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made. There are, however, other techniques whinhbeaemployed for soil fertility
evaluation. Different techniques can be used atwnia combination with each other
but the soil testing is still most commonly empldyechnique (Dev, 1997). Different
techniques are listed and briefly described below:-

I. Nutrient deficiency symptoms
[I. Biological tests
[ll. Plant analysis

l. Nutrient Deficiency Symptoms

The appearance of a plant has long been a clig rourishment or lack of it.
When a plant badly needs a certain plant foodhdws starvation signs called
deficiency symptoms or hunger signs. These symptmmsiutrient specific and show
different patterns in crops for different essentiatrients. It is a good tool to detect
deficiencies of nutrients in the field. Howeverraqjuires learning to identify nutrient
deficiencies. In applying this technique, one mdevelop diagnostic proficiency
through practice and close observation. It may b@tpd out that deficiency
symptoms in many cases are not always clearly éeéfand in cases, the symptoms
can be common to other causes or may be maskethby mutrients. Some typical
examples are given below:

N deficiency can be confused with S deficiency.

Calcium deficiency can be confused with B deficienc

Fe deficiency can be confused with Mn deficiency

Leaf stripe disease of oat can be confused withdbfitiency

Effect of virus, little leaf etc. can be confusedthwzinc deficiency, B
deficiency.

e Brown streak disease of rice can be confused witheficiency.

Deficiency symptoms always indicate severe staowagind therefore the crop
may have suffered before the deficiency symptoneap Many crops start losing
yields well before deficiency signs start showifdnis yield limiting condition is
called Hidden Hunger which refers to a situationninich a crop needs more of a
given nutrient and yet has not shown any deficiesyeyptom. The nutrient content is
above the deficiency symptom zone but still considly below that needed for
optimum crop production. In this case, significaesponses can be obtained with
application of nutrients even though no recognigahimptoms have appeared. To
over-come such conditions, it is always recommendezbnfirm deficiency problem
with other diagnostic techniques and most commosoi$ testing. Nutrient wise
deficiency symptoms are described in detalChapter 3.

[I. Biological Tests

(a) Field Tests The field plot technique essentially measuresdiop response to
nutrients. In this, specific treatments are setbctandomly assigned to an area
of land, which is representative of the conditid®everal replications are used to
obtain more reliable results and to account foriat@ns in soil. Field
experiments are essential in establishing the exjuated to provide fertilizers
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(b)

(©)

(d)

recommendations that will optimise crop yield, nmaise profitability and
minimise the environmental impact of nutrient use.

When large numbers of tests are comeduon soils that are well
characterized, recommendations can be extrapotatedher soils with similar
characteristics. Field tests are expensive and-¢ciomsuming; however, they are
valuable tools and are widely used by scientisteeyTare used in conjunction
with laboratory and greenhouse studies in calibratif soil and plant tests.

Greenhouse testsThe greenhouse techniques utilize small quastiiesoil to
qguantify the nutrient-supplying power of a soil.r@eally, soils are collected to
represent a wide range of soil chemical and phi/picperties that contribute to
the variation in availability for a specific nutne Selected treatments are applied
to the soils and a crop is planted that is semsitivthe specific nutrient being
evaluated. Crop response to the treatments carbtheletermined by measuring
total plant yield and nutrient content.

Laboratory tests: Neubauer seedling method — The Neubauer techmsdeesed
on the uptake of nutrients by a large number ofifslgrown on a small amount
of soil. The roots thoroughly penetrate the soihausting the available nutrient
supply within a short time. The total nutrients parad are quantified and tables
are established to give the minimum values of maanal micronutrients
available for satisfactory yields of various crops.

Microbiological methods: In the absence of nutrients, certain micro-orgjausi
exhibit behaviour similar to that of higher plantsor example, growth of
Azotobacter or Aspergillus niger reflects nutrieleficiency in the soil. The soil
is rated from very deficient to not deficient iretrespective elements, depending
on the amount of colony growth. In comparison witethods that utilize higher
plants, microbiological methods are rapid, simpid aequire little space. These
quick laboratory tests are not in common use imalnd

Plant Analysis

This involve two approaches. One is analysis ofifplathe laboratory and the

other is tissue test on fresh tissue in the fidlde basis on plant analysis is that
amount of a given nutrient in a plant is directyated to availability of the nutrient in
the soil. Plant analysis is used to:

Confirm a diagnosis made from visible symptoms;

Identify hidden hunger where no symptoms appeatr;

Locate soil areas where deficiencies of one or matgents occur;
Determine whether applied nutrients have enteregkant;

Learn about interactions among various nutrients;

Study the internal functioning of nutrients in pign

Suggest additional tests or studies in identifyiagcrop production
problem.
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Plant Analysis is generally not done in the sotitey laboratories.
However, relevant details of plant tissue sampljuidelines for major crops are
given in Annexure-4.

Plant analysis is used more for fruit and vegetabtps. Because of the
perennial nature of the fruit crops and their esiem root systems, plant analysis is
especially suitable for determining their nutristatus. As more is known about plant
nutrition and nutrient requirements throughout #eason, and as application of
nutrients through irrigation systems is possibl&anp analysis assumes greater
importance. Also, to produce high yields, it isgiel in monitoring the plant through
its growing season. It is becoming more usefurdev crops and forage crops.

The critical nutrient concentration (CNC) used in interpreting plant
analysis results and diagnosing nutritional prolde@NC is the level of a nutrient
below which crop yield or quality is unsatisfactorin India, a great deal of
information has been generated on critical nutrikviel in crops especially for
micronutrients and sulphufhe demand for this service should increase in Indi
in future as research emphasizes opportunities to amage nutrient availability
during the growing season.

An important phase of plant analysisample collection. Plant composition
varies with age, the portion of the plant samplig, condition of the plant, the
variety, the weather and other factors. Therefdarés necessary to follow proper
sampling instructions.

For plant analysis, a typical plgrart is selected which indicates the
nutrient status with crop to determine whether thep needs fertilization. The
optimum values are pre-standardized so as to makemmendation after sample
analysis.

4.5.Soil Testing & Balanced Fertilization
Soil testing and its objectives

Soil testing has long been accepted as a uniguédocational fertilizer use.
In fact, however, soil testing can act as a watghtip safeguard soil quality as a
whole. Thus, the major objectives of soil testang:

i) To assess the soil fertility status and recommarithlde and economic
nutrient doses through chemical fertilizers and aaig manure for
different corps and cropping systems.

i)  To identify the type and degree of degradation lemls/ abnormalities
like soil acidity, salinity and sodicity etc. amaguggest effective remedial
measures.

iii)  To generate data for compilation of soil fertilihaps.

iv)  To study soil pollution-related aspects and to selyreventive as well as
remedial measures for a safe food-chain.
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v) To make continued efforts for improving the scienafe wholesome
analysis and interpretation of the test data foremmoeaningful use of this
tool for soil care and crop production.

Balanced fertilization

Balanced fertilization does not mean a certaindefproportion of Nitrogen,
Phosphorus and Potash (or other nutrients) to Hedath the form of fertilizers and
organic manures but it has to take into accountatrelability of nutrients already
present in the soil, crop requirement and othenfac

Generally referred 4:2:1 NPK use as a desired mbies not substitute the
need and importance of actually working out theriant deficiency in the soil and
addition of required nutrient through fertilizersdamanures to meet the crop need.
This ratio actually relates to the general ferifizise recommendation started for the
two major cereal crops, i.e. rice and wheat as 180 : 40 kg NPK per hectare
(4:2:1). Till the beginning of green revatut era, farmers have been traditionally
using only nitrogen as the first nutrient being esétuniversally deficient in Indian
soils which also showed conspicuous response tappdication. Thus, an emphasis
on a patrticular ratio (4 : 2 : 1) has helpedniaréasing the use of P&K which was
necessary to be used over the application of N wiigh yielding varieties were
introduced.

Balanced fertilization should also takd#o account the crop removal of
nutrient, crop species to be sown, farmers’ invesinability, soil moisture regimes,
weed control, soil salinity, alkalinity, physicalndronment, microbiological
conditions of the soils which determine the staifiswvailable nutrients in soil and
cropping sequence etc. Von.Uexkule & Mutert (19@Pperved that soil testing
which is deployed to assess the soil fertility & static but a dynamic concept. It
should not mean that every time a crop is growrthalnutrients should be applied in
a particular proportion, rather fertilizer applioat should be tailored to the crop
needs, keeping in view the capacity of the soite alanced fertilizer should aim at:

l. Increasing crop yield and quality.

Il. Increasing farm income

. Correction of inherent soil nutrient deficiency.

V. Maintaining or improving soil fertility

V. Avoiding damage to the environment

VI. Restoring — fertility and productivity of the lartiat may have been
degraded by exploitive activities in the past.

The above observation was elaborated by Tandon Kantmo (1993)
suggesting that ‘Balanced fertilizer use’ or ratbhatanced crop nutrition ensures an
optimum supply of all essential nutrients, it prde® synergetic interactions and
keeps antagonist interactions out of crop prodactigstem. It discourages lopsided
application of any nutrient or over-fertilizatiomhe exact schedules to be followed
are invariably based on soil testing, field triatel nutrient balances for specific soil-
crop situation.
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Balanced fertilization implies (i) the minimum slp of nutrients from any
source, (ii) which is at the same time sufficiamtnteet the requirement of crop and
maintain soil fertility, (i) it implies the effient use of plant nutrients, which is
achieved by following research based site-specémmmendations and adopting
best agriculture practices, (iv) it recognizes #xéstence of natural soil processes,
which makes certain losses unavoidable.

In principle, the key to balanced fertilizationpaars to lie in a system of soil-
crop management that would ensure efficient udentifizer nutrients and maintain
crop yield and soil productivity. The balanced ifemtr would thus essentially mean
rational use of fertilizers and organic manuressigpply of nutrients for agricultural
production in such a manner that would ensure:

i)  Efficiency of fertilizer use which results in sagiof cost.

i) Harnessing of best possible positive and synecgistieractions among
various other factors of production i.e., seedgwatgro-chemicals etc.

iii) Least adverse effect on environment by minimiziogient losses.

iv)  Maintain soil productivity and profitability of cpoproduction.

v)  Sustaining high yield commensurate with biologjadential of crop variety
under the unique soil, climate and agro-ecologealup.

vi) The soil-crop management system that would ensfficieat use of
fertilizer nutrient and maintain crop yield and Isproductivity will be
nothing but balanced fertilization. It must be eauafly based on the
concept of Integrated Nutrient Management for ap@mag System which is
the only viable strategy for accelerated and enddnse of fertilizers with
matching adoption of organic manures and bio-feeis so that
productivity is maintained for a sustainable adtime.

vii) The outcome of AICRP on ‘long-term fertilizer exjmeents’ can be viewed
as an example to see that the over the last fead#sccontinuous use of
nitrogenous fertilizer alone produced the highestlide in yields at almost
all the centres barring a few and had deleteridiesteon long term fertility
and sustainability in particular, showing deficigrat other major and micro
nutrients. Even in NPK fertilized system, the deficies of micro-nutrients
and secondary nutrients have become yield limitagjors after a number
of years and their application becomes necessasydtain high yield level.
In almost all the long-term fertilizer experimenbglanced and integrated
use of optimal dose of NPK and FYM gave enhancebimare sustainable
yields. As a policy, govt. and ICAR are recommegdsoil test based
balanced and integrated fertilizer use involvingyamics namely FYM,
compost, vermi-compost, green manures, bio-feetifizetc. to reduce the
excessive use of fertilizers and environment ptaiac

It would thus be seen that a scientificallysound soil test methodology
forms the key for ensuring a successful, efficiengconomic and balanced use of
fertilizers in agriculture .

A balance use of fertilizers is possibleyowhen the soil available nutrient
content is assessed followed by the crop requirenoénthe nutrients. Thus,
formulating a recommendation about the quantitias types of nutrients that are in
short supply in the soil and need to be added dapear balance and as per their crop
need, through external source like chemical fedis and organic manures. Soil
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nutrient availability can be assessed throughtssiing only. Hence, the importance
of soil testing can be appreciated in ensuring rixadd fertilization for a profitable
and sustainable crop production.

In view of the importance of balanced férétion in increasing crop
production, the following recommendations were madthe FAI's Annual ( 2009)
International Seminar on Fertilizer Policy for Saieaible Agriculture which is widely
attended by the State Governments, fertilizer itrthgsand experts.

Recommendation No.9t:relates to soil health and it is stated thati‘'Specific
nutrient management, which is considered as BewdilifFer Management Practice
(BFMPs) needs to be promoted to improve soil heatith crop productivity.”

Recommendation No.11There is an imminent threat to India’s food segurit
arising out of imbalanced use of fertilizers, alesenf component-wise locations /
crop specific fertilizer recommendations and lirditese of organic fertilizers, wide
spread deficiencies of secondary and micro-nusjediminishing effect of crop
response to fertilizers, limited irrigation resoesc stagnation of area under
cultivation and stagnating food grain productivity.

Recommendation No.12t:is stated that “Inadequate and unreliable sstihg
facilities, poor awareness of farmers about baldngknt nutrition and lack of
appropriate policy are the major constraints in paide of Fertilizer Best
Management Practices.”

The wording of recommendation ( No.12) may be atersid too critical but the
fact is realized that the soil testing service has made the desired impact and
farmers have not yet been able to adopt it in lamg@bers. While at the same time,
the importance of the soil test based balancediZertuse is being advocated by the
Government, Fertilizer Industries and others comee.

The quality of the soil testing programme, therefareeds to be improved in all its
aspects.

4.6 Soil Testing procedures

Procedurally, the soil testing programme can beiddt/ into the following
Components:

4.6.1 Setting up of a soil testing laboratory - Bas&of analytical Laboratory

In chemical laboratories, the use ofdscialkalis and some hazardous and
explosive chemicals is inescapable. Apart from, thisne chemical reactions during
the process of analysis may release toxic gasesfard handled well, may cause
explosion. Inflammable gases are also used as lthéaéng source. Thus, safe
working in a chemical laboratory needs special ,choth in terms of design and
construction of the laboratory building, and hangliand use of chemicals. For
chemical operations special chambers also need podvided.

Air temperature of the laboratory and working r@osmould be maintained at
a constant level between 20%26. Humidity should be kept at about 50% soil
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samples are often affected by the temperature andidity. Even some chemical
operations get influenced by the temperature. Hemegntenance of temperature and
humidity as specified is critical.

Proper air circulation is also important so asandaus and toxic fumes and
gases do not stay in the laboratory for long. Télease of gases and fumes in some
specific analytical operation are controlled thrdoufume hood or trapped in
acidic/alkaline solutions and washed through flayvimater. Maintenance of clean
and hygienic environment in the laboratory is esSakfor the good health of the
workers.

Care is needed to be taken to store acids anddmmachemicals in separate
and safe racks. An inventory of all the equipmetttemicals, glassware and
miscellaneous items in a laboratory should be raaietl. A format has been
suggested for this purposénnexure- 5). A list of usually required equipment,
chemicals and glass warés at Annexure-6. Specifications of heavy duty auto
analytical equipment given linnexure — 6 A Automation of analytical procedures
of some of the equipments is given Amnexure- 6 B. A safe laboratory building
should have suitable separate rooms for differampgses and for performing
different operations as described below, and awegisd a floor plan is given in
Annexure-7.Grades of standard chemicals and glass wares\ae giAnnexure-8.

Room 1. Reception/sample receipt/dispatch pbnts.

Room 2. Sample storage and preparation room.

Room 3.  Nitrogen digestion/distillation roomith fume hood for digestion).
Room 4. Instrument room to house:

Atomic absorption spectrophotometer (AAS)

Flame photometer

Spectrophotometer

pH meter, conductivity meter

Ovens

Centrifuge

Balances

Water still

Room 5. Chemical analysis room:

To prepare reagents, chemicals and to carry ourtstendardization.
To carry out extraction of soil samples with appiaie
chemicals/reagents.

e To carry out titration, colour development, filicat, etc.

e All other types of chemical work.

Room 6. Storage room for chemicals and spargetgnt.
Room 7. Mechanical analysis room
Room 8. Conference / training/ meetingmoo

A soil testing laboratories also analyses irrigiativater samples which are
received from the farmers, particularly to check tfuality of new irrigation source
such as, digging up of a new tube well. A soititeslab may be required to analyse
100 to 200 water samples annually. Henc&hapter 8, procedure for taking water
samples and the analytical facilities, methods amgortant indices to judge the
quality of irrigation water have been provided.
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Laboratory Safety Measures

Special Care is required while operating equipmbandling the chemicals and in
waste disposal.

Equipment

Electrical cables, plugs and tubing need propeckbe avoid accident. Various types
of gas cylinders needed in the laboratory like eag, nitrous oxide and LPG may
be kept under watch and properly sealed/cappednaad be stored in ventilated
cupboards.

Chemical reagents

Hazardous chemicals may be stored in plastic Isottéhile working with chemicals
such as perchloric acid, fume hood may be usedni@a¢és may be properly labelled
indicating their hazardous nature.

Bottles with inflammable substances need to ba&edtdn stainless steel
containers.

Waste disposal

Cyanides, chromates, arsenic, selenium, cobalt mot/bdate are very
commonly used but hazardous chemicals and shouwldr e disposed off in the
laboratory sink but collected in a metal contaifeerproper disposal at the specified
places.

General rules and requirements — Dos and Don’ts ia laboratory

e Learn safety rules and use of first aid kits. Kebke first aid kit handy at a
conspicuous working place in the laboratory.

e Personal safety aids such as laboratory coat, Ipotection gloves, safety
glasses, face shield and proper footwear shoulddeel while working in the
laboratory.

e Observe normal laboratory safety practice in cotingeequipment with power
supply, in handling chemicals and preparing sohgiof reagents. All electrical
work must be done by qualified personnel.

e Maintain instrument manual and log book for eactuigment to avoid

mishandling, accident and damage to equipment.

Calibrate the equipment periodically.

Carryout standardization of reagents daily befee u

Always carry out a blank sample analysis with daatch.

Ensure rinsing of pipette before use with the seation.

Do not return the liquid reagents back into thetleatfter they are taken out for

use.

e Do not put readily soluble substances directly intumetric flax but first
transfer into a beaker, dissolve and then puterfldask.

e Store oxidizing chemicals like iodine and silvetraie only in amber colour
bottles.

e Keep the working tables/space clean. Clean upaggglimmediately.
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¢ Wash hands after handling toxic / hazardous chdmica

e Never suck the chemicals with mouth but use autenpgtetting device.

e Use forceps / tongs to remove containers from thet h
plates/ovens/furnaces.

e Do not use laboratory glassware for eating/drinking

e Use fume hood while handling concentrated acidsse®aand hazardous
chemicals.

¢ Never open a centrifuge cover until the machinesbagped.

e Add acid to water and not water to acid while dilgtthe acid.

Always put labels on bottles, vessels and washldsottontaining reagents,

solutions, samples and water.

Handle perchloric acid in fume hoods.

Do not heat glasswares and inflammable chemicedsttlf on the flame.

Read the labels of the bottles before opening them.

Do not hold stopper between fingers while pourilgiitl from bottle, nor put it

on the working table but on a clean watch glass.

Laboratory Quality Assurance/Control

For the uniformity of expression and understanditigg definitions of the terms
quality, quality-assurance and quality control asfireed by the International
Standardization Organization (ISO) and also thasepsled in FAO Soils Bulletin 74
and the analytical methods as described in FAGIEZertand Plant Nutrition Bulletin
No.19 have been largely adopted, as being standatdods and almost universally
accepted.

Quality

The Quality has been defined as “the total featarescharacteristics of a product or
service that bear on its ability to satisfy stased implied need.” A product can be
stated to possess good quality, if it meets thdgiegmined parameters. In case of an
analytical laboratory, the quality of the laborgtonay be considered adequate and
acceptable if it has the capacity to deliver thalgital results on a product within
the specified limits of errors and as per otheeadrconditions of cost and time of
analysis so as to enable an acceptable judgemehe@roduct quality.

Quality Assurance

As per ISO, it means “the assembly of all planned systematic action necessary to
provide adequate confidence that a product, a psooe service will satisfy given
quality requirements”. The results of these acticm® checked by another
independent laboratory/person to conform the pronement on the quality of a
product by a given laboratory. This could be refdras inter-laboratory check.

Quality Control
Quality control is an important part of quality asance which is defined by 1SO as

“the operational techniques and activities that arsed to satisfy quality
requirements”. Quality assessment or evaluatiomeressary to see if the activities
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performed to verify the quality are effectivEhus, an effective check on all the
activities and processes in a laboratory can only nsure that the results
pronounced on a product quality are within the accptable parameters of
accuracy.

In quality control system, the following steps dreolved, which when
implemented properly, ensure that the results dediy are acceptable and verifiable
by another laboratory.

e Check on the performance of the instruments.

e Calibration or standardization of instruments ahericals.

e Adoption of sample check system as a batch cowtitbin the laboratory.
e External check: inter-laboratory exchange programme

To ensure obtaining accurate and acceptable sestiinalysis on a sample,
the laboratory has to run in a well regulated mamvieere the equipment are properly
calibrated and the methods and techniques emplag@dcientifically sound which
will give reproducible results. For ensuring theythistandards of quality, Good
Laboratory Practice (GLP) has to be followed. ThePGcan be defined as “the
organizational process and the conditions undechvlaiboratory studies are planned,
performed, monitored, recorded and reported”. Thus GLP expects a laboratory to
work according to a system of procedures and potdowhereas the procedures are
also specified as the Standard Operating Proc8@e).

Standard Operating Procedure (SOP)

As per Reeuwijk and Houba (1998), a Standard Oipgyd®rocedure (SOP) is a
document which describes the regularly recurringragions relevant to the quality of
the investigation. The purpose of a SOP is to cautthe operation correctly and
always in the same manner. A SOP should be avaiktithe place where the work is
done. If, for justifiable reasons, any deviationalfowed from SOP, the deviated
procedure may be fully documented.

In a laboratory, SOP may be prepared for:

Safety precaution.

Procedure for operating instruments.

Analytical methods and preparation of reagents.
Registration of samples.

To sum up, all the operations have to be propwtyumented so as no chance
is left for adhocism in any manner.

Error, Precision, Accuracy and Detection Limit

Error

Error is an important component of the analysisarig analysis, when the quantity is
measured with the greatest exactness that theuineit, method and observer are

capable of, it is found that the results of suceessletermination differ among
themselves to a greater or lesser extent. The gwevalue is accepted as most
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probable. This may not always be true value. In esaases, the difference in the
successive values may be small, in some casesyitmaarge, the reliability of the
result depends upon the magnitude of this diffezefdhere could be a number of
factors responsible for this difference which iscateferred as ‘error’. The error in
absolute term is the difference between the obdeoveneasured value and the true
or most probable value of the quantity measuree. disolute-error is a measure of
the accuracy of the measurement. The accuracydefeamination may, therefore, be
defined as the concordance between it and the drueost probable value. The
relative error is the absolute error divided bytitue or most probable value.

The error may be caused due to any deviation ften prescribed steps
required to be taken in analysis. The purity ofraleals, their concentration/strength
and the accuracy of the instruments and the skihe technician are important
factors.

Precision and accuracy

In analysis, other important terms to be understaoel precision and accuracy.
Precision is defined as the concordance of a sefi@seasurements of the same
guantity. The mean deviation or the relative meawviation is a measure of precision.
In quantitative analysis, the precision of a measunt rarely exceeds 1 to 2 parts
per thousand.

Accuracy expresses the correctness of a measuremdrile precision
expresses the reproducibility of a measurementcistom always accompanies
accuracy, but a high degree of precision doesmptyi accuracy. In ensuring high
accuracy in analysis, accurate preparation of mageéncluding their perfect
standardization is critical. Not only this, evere thurity of chemicals is important.
For all estimation, where actual measurement arstituent of the sample in terms
of the “precipitate formation” or formation of “cmired compound” or
“concentration in the solvent” is a part of stepsestimation, chemical reagents
involved in such aspects must always be of higlitywhich is referred as AR-grade
(Analytical Reagent).

Detection limit

In the analysis for trace elements in soils, plamt fertilizers and for environmental
monitoring, need arises to measure very low costehanalytes. Modern equipments
are capable of such estimation. However, while ctelg an equipment and the
testing method for such purpose, it is importarttdee information about the lowest
limits upto which analytes can be detected or datezd with sufficient confidence.
Such limits are called as detection limits or loeits of detection.

The capacity of the equipment and the method neaguch that it can detect
the traces of analyte in the sample. In quantgaterms, the lowest contents of such
analyte may be decided through appropriate resessctine values of interpretable
significance. The service laboratories are genepativided with such limits.
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Quality Control of Analytical Procedures

Independent Standards

The ultimate aim of the quality control measurestasensure the production of

analytical data with a minimum of error and withsstency. Once, an appropriate
method is selected, its execution has to be dotieutinost care. To check and verify
the accuracy of analysis, independent standardasae in the system. The extent of
deviation of analytical value on a standard samptiécates the accuracy of the

analysis. Independent standard can be preparée ialboratory from pure chemicals.

When new standard is prepared, the remainder obldheones always have to be
measured as a mutual check. If the results aremtbin the acceptable levels of

accuracy, the process of calibration, preparatfastandard curve and the preparation
of reagents may be repeated till acceptable resulisobtained on the standard
sample. After assuring this, analysis on unknownpa has to be started.

Apart from independent standard, certified refeeesamples can also be used
as ‘standard’. Such samples are obtained from at@lkected laboratories where the
analysis on a prepared standard is carried out dre rtihan one laboratory and such
samples along with the accompanied analytical waare used as a check to ensure
the accuracy of analysis.

Use of blank

A blank determination is an analysis without thealgt® or attribute or in other
words, an analysis without a sample by going thinoaid) steps of the procedure with
the reagents onlyJse of blank accounts for any contamination in thehemicals
used in actual analysisThe ‘estimate’ of the blank is subtracted frora #stimates
of the samples. The use of ‘sequence control’ sesnjd made in long batches in
automated analysis. Generally two samples, one avitbw content of analyte and
another with very high content of known analytet(the contents falling within the
working range of the method) are used as standardwonitor the accuracy of
analysis.

Blind sample

A sample with known content of analyte. This samplenserted by the head of the
laboratory in batches and times unknown to theyshalVarious types of sample

material may serve as blind samples such as cos#oiples or sufficiently large

leftover of test samples (analysed several tinles.essential that analyst is aware of
the possible presence of a blind sample but isabtg to recognize the material as
such.

Validation of procedures of analysis

Validation is the process of determining the perfance characteristics of a method /
procedure. It is a pre-requisite for judgementhef suitability of produced analytical
data for the intended use. This implies that a ogktmay be valid in one situation
and invalid in another. If a method is very precisal accurate but expensive for
adoption, it may be used only when the data witt trder of precision are needed.
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The data may be inadequate, if the method is lesgrate than required. Two types
of validation are followed.

Validation of own procedure

In-house validation of method or procedure by imdimal user laboratory is a
common practice. Many laboratories use their owrsiga of even well established
method for reasons of efficiency, cost and converge A change in liquid solid ratio
in extraction procedures for available soil nuttieand shaking time etc. result in
changed value, hence need validation. Such chargesften introduced to consider
local conditions, cost of analysis, required accyi@nd efficiency.

Validation of such changes is the part of quadiiytrol in the laboratory. It is
also a kind of research project, hence all typetheflaboratories may not be in a
position to modify the standard method. They shdoltbw the given method as
accepted and practiced by most other laboratories.

Apart from validation of methods, a system of in&rquality control is
required to be followed by the laboratories to eesthat they are capable of
producing reliable analytical data with minimum efor. This requires continuous
monitoring of the operation and systematic dayap dhecking of the produced data
to decide whether these are reliable enough teleased.

Following steps need to be taken for internal qualontrol:

e Use a blank and a control (standard) sample of knoomposition along with the
samples under analysis.

e Round off the analytical values to th& Becimal place. The value of 3lecimal
place may be omitted if less than 5. If it is mdnan 5, the value of second
decimal may be raised by 1.

Since the quality control systems rely heavily onantrol samples, the
sample preparation may be done with great care tornsure that the:

Sample is homogenous.
Sample material is stable.
Sample has uniform and correct particle size agdi¢hrough a standard sieve.

Relevant information such as properties of the $ampd the concentration of the
analyte are available.

The samples under analysis may also be procegsexpared in such a way
that it has similar particle size and homogenegytlzat of the standard (control)
sample.

As and when an error is noticed in the analysi®uph internal check,
corrective measures should be taken. The errobeatue to calculation or typing. If
not, it requires thorough check on sample idemtifan, standards, chemicals,
pipettes, dispensers, glassware, calibration pureednd equipment. Standard may
be old or wrongly prepared. Pipette may indicatengrvolume, glassware may not
be properly cleaned and the equipment may be dedeot the sample intake tube
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may be clogged in case of flame photometer or AtomAbsorption
Spectrophotometer. Source of error may be detestddsamples be analyzed again.

Validation of the Standard Procedure

This refers to the validation of new or existingthwal and procedures intended to be
used in many laboratories including procedures @eceby national systewr ISO.
This involves an inter-laboratory programme of itegthe method by a member of
selected renowned laboratories according to a pobtssued to all participants.
Validation is not only relevant when non-standardcpdures are used but just as
well when validated standard procedures are usédda®n more so when variants of
standard procedures are introduced. The resultaliofation tests should be recorded
in a validation report from which the suitability @ method for a certain purpose can
be deduced.

Inter-laboratory sample and data exchange programme

If an error is suspected in the procedure and taiogy cannot readily be solved, it is
not uncommon to have the sample analysed in and#imratory of the same
system/organisation. The results of the other kEtiooy may or may not be biased,
hence doubt may persist. The sample check by anatueedited laboratory may be
necessary and useful to resolve the problem.

An accredited laboratory should participate atsteia one inter-laboratory
exchange programme. Such programmes do exist ypcatjionally, nationally and
internationally. The laboratory exchange progranmerists for method performance
studies and laboratory performance studies.

In such exchange programme, some laboratoriehertganizations have
devised the system where periodically samples ofvkncomposition are sent to the
participating laboratory without disclosing the ukts. The participating laboratory
will analyse the sample by a given method and fadl the results. It provides a
possibility for assessing the accuracy of the netheing used by a laboratory, and
also about the adoption of the method suggestebeblead laboratory. Some of Such
Programmes are:

¢ International Plant Analytical Exchange (IPE) Peogme, and
e International Soil Analytical Exchange (ISE) Pragrae.

They come under the Wageningen Evaluating Prografom@nalytical Laboratories
(WEPAL) of the Wageningen Agricultural Universitghe Netherlands. Other
programmes run by the Wageningen Agricultural Ursitg are:

¢ International Sediment Exchange for Tests on Om@&ontaminants (SETOC).
¢ International Manure and Refuse Sample Exchanggr&mme (MARSEP).

For quality check, each laboratory will benefititfbecomes part of some

sample/method check and evaluation programme. {i$ters of self-check within the
laboratory also has to be regularly followed.
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Preparation of Reagent Solutions and their Standarization

Chemical reagents are manufactured and marketelifferent grades of purity. In
general the purest reagents are marketed as “AcallyiReagent” or AR grade.
Further, the markings may be ‘LR’ meaning labonataragent or “CP”, meaning
chemically pure. The strength of chemicals is egped as normality or molarity. It
is, therefore, useful to have some information atiba strength of important acids
and alkali most commonly used in the chemical latwres(Table 12). Acids and
alkali are basic chemicals required in a laboratory

TABLE-12
Strength of commonly used acids and alkali

S.No| Reagent Normali | Molarity | Formula | % Specific | ml mi
/chemical ty (aprox.) | weight by Gravity required | required
(aprox.) weight (aprox.) | for for
(aprox.) 1N/litre 1M/litrsol
solution | ution
(aprox.) | (aprox.)
1. Nitric Acid 16 16.0 63 70 1.472 63.Y 637
2. Sulphuric 35 17.5 98 98 1.84 28.( 56
Acid
3. | Hydrochloric 11.6 11.6 36.5 37 1.149 82.6 8216
Acid
4. Phosphoric 45 15 98 85 1.71 22.1 68.1
Acid
5. Perchloric 10.5 10.5 100.5 65 1.6( 108.7 108.7
Acid
6. Ammonium 15 15 35 28 0.90 67.6 67.6
hydroxide

Some important terms which are often used in ar&tboy for chemical analysis are
defined / explained below:

Molarity

One molar (M solution contain®ne mole or one molecular weight in grams of a
substance in each litre of the solution. Molar rodtlof expressing concentration is
useful due to the fact that the equal volumes afiraglar solutions contain equal
number of molecules.

Normality

The normality of a solution is the number of gramuigalents of the solute per litre of
the solution. It is usually designated by letter mi-normal, penti-normal, desi-
normal, centi-normal and milli-normal solutions afgen required, these are written
(shortly) as 0.5N, 0.2N, 0.1N, 0.01N and 0.001Nspextively. However, molar
expression is preferred because ‘odd’ normalitieshsas 0.121N are clumsily
represented in fractional form.

The definition of normal solution utilizes the tereguivalent weight’. This
quantity varies with the type of reaction, and leernicis difficult to give a clear
definition of equivalent weight which will coverlakactions. It often happens that
the same compound possess different equivalent htgeign different chemical
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reactions. A situation may arise where a solutias hormal concentration when
employed for one purpose and a different normailityen used in another chemical
reaction. Hence, the system of molarity is prefirre

Equivalent weight (Eq W)

The equivalent weight of a substance is the weigigrams which in its reaction
corresponds to a gram atom of hydrogen or of hydrox half a gram atom of
oxygen or a gram atom of univalent ion. When ongivedent weight of a substance
is dissolved in one litre, it gives | N solutionquivalent and molecular weights of
some important compounds are giveimexure- 9.

Milliequivalent weight (mEq W)

Equivalent weight (Eq W) when expressed as millireglent weight (mEqgq W),
means the equivalent weight in grams divided byO1®0is commonly expressed by
“me”. It is the most convenient value because ihesweight of a substance contained
in or equivalent to one ml of I N solution. It therefore, a unit which is common to
both volumes and weights, making it possible toveonthe volume of a solution to
its equivalent weight and the weight of a substatwets equivalent volume of
solution.

Number of mEq = Volume x Normality

Buffer solutions

Solutions containing a weak acid and its salt orakvdase and its salt (e.g.
CH;COOH + CHCOONa) and (NHOH + NH,CIl) possess the characteristic
property to resist changes in pH when some acibase is added in them. Such
solutions are referred to as buffer solutions. dwithg are important properties of a
buffer solution:

e It has a definite pH value.
e Its pH value does not alter on keeping for a lomget
e Its pH value is only slightly altered when stroragb or strong acid is added.

It may be noted that because of the above propesdgily prepared buffer
solutions of known pH are used to check the acgunhpH meters being used in the
laboratory.

Titration

It is a process of determining the volume of a s required to just complete the
reaction with a known amount of other substances 3blution of known strength
used in the titration is called titrant. The substato be determined in the solution is
called titrate.

The completion of the reaction is judged with thelp of appropriate
indicator.

Indicator

A substance which indicates the end point on cotigulieof the reaction is called as
indicator. Most commonly used indicators in volurnieeainalysis are:
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e internal indicator
e external indicator
e self indicator

I.) Internal indicator

The indicators like methyl red, methyl orange, piiphthalein and diphenylamine
which are added in the solution where reaction x;care called internal indicators.
On completion of the reaction of titrant on titraéecolour change takes place due to
the presence of indicator, which also helps in kngwhat the titration is complete.
Typical examples of colour change due to pH chaisgsolutions are given in
Annexure-11 The internal indicators used in acid - alkalutnalization solutions
are methyl orange, phenolphthalein and bromothysha.

The indicator used in precipitation reactions liik&tion of neutral solution of
NaCl (or chlorine ion) with silver nitrate (AgND solution is KCrO,. On the
completion of titration reaction of AgNQwith chlorine, when no more chlorine is
available for reaction with silver ion to form AgG@he chromium ions combine with
Ag** ions to form sparingly soluble AGrO, which is brick red in colour. It indicates
that chlorine has been completely titrated andpmat has occurred.

Redox indicators are also commonly used. These safistances which
possess different colours in the oxidized and reddorms. Diphenylamine has blue
violet colour under oxidation state and colourliesseduced condition. Ferrocin gives
blue colour under oxidation state and red colowteumeduced condition.

i) External indicator

Some indicators are used outside the titration umétPotassium ferricyanide is used
as an external indicator in the titration of potassdichromate and ferrous sulphate
in acid medium. In this titration, few drops of iodtor are placed on a white

porcelain tile. A glass rod dipped in the solutibeing titrated is taken out and
brought in contact with the drops of indicator gldon white tile. In the beginning

deep blue colour is noticed which turns greeniskb@npletion of titration.

iif) Self indicator

The titrant, after completion of the reaction leavts own colour due to its
slight excess in minute quantities. In KMn@tration with ferrous sulphate, the
addition of KMnQ starts reacting with FeS@vhich is colourless. On completion of
titration, slight excess presence of KMnp@ives pink colour to the solution which
acts as a self indicator and points to the coniatf the titration.

Standard solution

The solution of accurately known strength (or caoricdion) is called a standard
solution. It contains a definite number of gram ieglent or gram mole per litre of
solution. If it contains 1 gram equivalent weigtitaosubstance/compound, it is 1N
solution. If it contains 2 gram equivalent weigbtshe compound, it is 2N.

All titrametric methods depend upon standard smhgt which contain known
amounts (exact) of the reagents in unit volumehefdolution. A solution is prepared,

60



having approximately the desired concentrations Bailution is then standardized by
titrating it with another substance which can beéaoted in highly purified form.
Thus, potassium permanganate solution can be stineld against sodium oxalate
which can be obtained in a high degree of puritygesit is easily dried and is non-
hygroscopic. Such substance, whose weight andygargtable, is called as ‘Primary
Standard’. A primary standard must have the follm\iharacteristics:

e |t must be obtainable in a pure form or in a stdtlenown purity.

e It must react in one way only under the conditibtitecation and there must be no
side reactions.

e It must be non-hygroscopic. Salt hydrates are @diyenot suitable as primary
standards.

e Normally, it should have a large equivalent weightas to reduce the error in
weighing.

e An acid or a base should preferably be strong, ihathey should have a high
dissociation constant for being used as standards.

Primary standard solution is one which can be gmexgb directly by weighing
and with which other solutions of approximate sgténcan be titrated and
standardized. Some Primary standards are givenvbelo

Acids 1. Potassium hydrogen phthalate
2. Benjoic acid

Bases 1. Sodium carbonate
2. Borax

Oxidizing agents 1. Potassium dichromate

2. Potassium bromate

Reducing agents 1. Sodium oxalate
2. Potassium Ferro cyanide

Others 1. Sodium chloride
2. Potassium chloride

Secondary Standard Solutions are those which @eaped by dissolving a
little more than the gram equivalent weight of thbstance per litre of the solution
and then their exact standardization is done witmary standard solution. Some
Secondary standards are given below:

Acid 1. Sulphuric acid
2. Hydrochloric acid

Base 1. Sodium hydroxide.
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Standard solutions of all the reagents requiredaimaboratory must be
prepared and kept ready before taking up any aisaliewever, their strength should
be periodically checked or fresh reagents be pesplaefore analysis.

In all titrations involving acidimetry and alkaletry, standard solutions are
required. These may be prepared either from stdnslavstances by direct weighing
or by standardizing a solution of approximate ndityjwaof materials by titrating
against a prepared standard. The methods of pteparaf standard solutions of
some non-primary standard substances of commoarasgiven below.

Standardization of hydrochloric acid (HC

The concentrated H 1Gs approximately 11N. Therefore, to prepare a dseh
solution, say decinormal (0.1N) of the acid, idikited roughly one hundred times.
Take 10 ml of acid and make approximately 1 lityeddution with distilled water.
Titrate this acid against 0.1N pEO; (Primary standard) using methyl orange as
indicator. Colour changes from pink to yellow wheid is neutralized. Suppose 10
ml of acid and 12ml of N&Os; are consumed in the titration.

Acid Alkali

Vi1 X N; = Vo X N2
10 x N =12x0.1
10N =1.2

N, =0.12

Normality of acid is 0.12

Similarly, normality of sulphuric acid can be wetkout. HSO, needs to be
diluted about 360 times to get approximately 0.1&tduse it has a normality of
approximately 35. Then titrate against standargg to find out exact normality of
H2SO,.

Standardization of sodium hydroxide (NaOH):

As per above method, the normality of HGIB®@, has been fixed. Therefore, to find
out the normality of sodium hydroxide, titrationgarried out by using any one of
these standard acids to determine the normalitieoBodium hydroxide. For working
out molarity, molar standard solutions are used.

In case of the standardization of NaOH or any mothkkali, potassium
hydrogen phthalate can also be used as a primanglatd instead of going through
the titration with secondary standards. It can lezided depending upon the
availability of chemicals in the laboratory.

Conversion Factors
In a laboratory exercise, various units of measergnsuch as area, volume,
mass, length, pressure, temperature etc. are eedpairbe converted from Si to non-Si

unit and vice-versa. In this regafhnexure-12is given as a handy ready reconkner
for the use by lab technicians.
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4.6.2. Soil Sampling

The method and procedure for obtaining soil sampéeg according to the purpose
of sampling. Analysis of soil samples may be nedde@ngineering and agricultural
purposes. In this publication, soil sampling foriagjtural purpose is described
which is done for soil fertility evaluation and fiizer recommendations for crops.

The results of even very carefully conducted spdlgsis are as good as the
soil sample itself. Thus, the efficiency of soistiag service depends upon the care
and skill with which soil samples are collected nNepresentative samples constitute
the largest single source of error in a soil feytihrogramme. It is to be noted that the
most important phase of soil analysis is accometishot in a laboratory but in the
field where soils are sampled.

Soils vary from place to place. In view of thiffoets should be made to take
the samples in such a way that it is fully représtve of the field. Only one to ten
gram of solil is used for each chemical determimatiad represents as accurately as
possible the entire surface 0-22 cm of soil, weaighabout 2 million kg/ha.

Sampling tools and accessories

Depending upon the purpose and precision requiodidying tools may be needed
for taking soil samples.

e Soil auger- it may be a tube auger, post hole @vstype auger or even a spade
for taking samples.

A clean bucket or a tray or a clean cloth for mixthe soil and sub sampling.
Cloth bags of specific size.

Copying pencil for markings and tags for tying blbtgs.

Soil sample information sheet.

Selection of a sampling unit

A visual survey of the field should precede thauiatsampling. Note the variation in
slope, colour, texture, management and croppingeqmatby traversing the field.
Demarcate the field into uniform portions, eaclwbich must be sampled separately.
If all these conditions are similar, one field daatreated as a single sampling unit.
Such unit should not exceed 1 to 2 hectares, amdist be an area to which a farmer
is willing to give separate attention. The unitsaimpling is a compromise between
the expenditure, labour and time on one hand aedgion on the other. In view of
limited soil testing facilities, it has been suggelsto adopt an alternate approach
where a sample may be collected from an area &020a to be called as composite
area soil sample and analyse the same for makaognanon recommendation for the
whole area.

Sampling procedure
Prepare a map of the area to be covered in a ssh@ying different sampling unit

boundaries. A plan of the number of samples andneraaf composite sampling is
entered on the map, different fields being deseghdly letters A, B, C etc. Each area
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is traverse separately. A slice of the plough-lagerut at intervals of 15 to 20 steps
or according to the area to be covered. Gener8ltp 20 spots must be taken for one
composite sample depending on the size of the. field

Scrap away surface liter; obtain a uniformly thiskce of soil from the
surface to the plough depth from each place. A &psll cut is made with a spade to
remove 1 to 2 cm slice of soil. The sample maydikected on the blade of the spade
and put in a clean bucket. In this way collect si@srom all the spots marked for
one sampling unit.  In case of hard soil, samplestaken with the help of augur
from the plough depth and collected in the bucket.

Pour the soil from the bucket on a piece of clpaper or cloth and mix
thoroughly. Spread the soil evenly and divide fbid quarters. Reject two opposite
qguarters and mix the rest of the soil again. Refieaprocess till left with about half
kg of the soil, collect it and put in a clean cldthg. Each bag should be properly
marked to identify the sample.

The bag used for sampling must always be clean faeel from any
contamination. If the same bag is to be used foors& time, turn it inside out and
remove the soil particles. Write the details of g@mnple in the information sheet
(a suggested format is given Amnex 10. Put a copy of this information sheet in
the bag. Tie the mouth of the bag carefully.

Precautions

e Do not sample unusual area like unevenly fertiljizethrshy, old path, old
channel, old bunds, area near the tree, site ofique compost piles and other
unrepresentative sites.

e For a soft and moist solil, the tube auger or spad®nsidered satisfactory. For
harder soil, a screw auger may be more convenient.

e Where crops have been planted in rows, collect fsrfpom the middle of the
rows so as to avoid the area where fertilizer legsntband placed.

e Avoid any type of contamination at all stages. Sainples should never be kept
in the store along with fertilizer materials andettgents. Contamination is likely
when the soil samples are spread out to dry irvitiaity of stored fertilizers or
on floor where fertilizers were stored previously.

e Before putting soil samples in bags, they shouldekemined for cleanliness as
well as for strength.

e Information sheet should be clearly written witlpgimg pencil.

Sampling of salt affected soils

Salt affected soils may be sampled in two waysfa8ersamples should be taken in
the same way as for soil fertility analysis. Thessanples are used to determine
gypsum requirement of the soil. For reclamatiorppse, it is necessary to know the
characteristics of lower soil depth also. Suchssaik, therefore, sampled depth wise
up to one meter. The samples may be removed fra@rtoitwo spots per 0.4 hectare
if the soil is uniformly salt affected. If patchase conspicuous then all big patches
should be sampled separately. Soil is sampled deigthseparately (about ¥2 kg from

each depth) for 0-15 cm, 15-30 cm, 30-60 cm and@D<m soil depths. If a stony
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layer is encountered during sampling, such a lajeuld be sampled separately and
its depth noted. This is very important and musth®ignored.

Soil samples can be removed by a spade or if tiyerais used then care
should be taken to note the depth of ‘concretigtorfes) or other impermeable layer
(hard pan). If the soil shows evidence of profisvelopment or distinct stratification,
samples should be taken horizon wise. If a pitug dnd horizons are absent then
mark the vertical side of the pit at 15, 30, 60 408 cm depth from the surface and
collect about ¥ kg. soil from every layer, cuttimgiform slices of soil separately. In
addition to the above sampling, one surface saipta should be taken as in the case
of normal soil sampling for fertilizer recommendaaati

Pack the samples and label the bags in the samasia done for normal soil
sampling, giving additional information about thepth of the sample. The sheet
accompanying the sample must include the informatio nature of soil, hardness
and permeability of soil, salinity cause and souifcknown, relief, seasonal rainfall,
irrigation and frequency of water logging, watdsléa soil management history, crop
species and conditions of plant cover and depthehard pan or concretion. As the
salt concentration may vary greatly with vertical forizontal distance and with
moisture and time, account must be kept about ¢imeigation, amount of irrigation
or rain received prior to sampling.

Despatch of Soil Samples to the Laboratory

Before sending soil samples to the testing laboydiyg a farmer, it should be ensured
that proper identification marks are present on sheple bags as well as labels
placed in the bags. It is essential that it shdnddwritten by copying pencil and not
with ink because the ink will smudge and beconegible. The best way is to get the
soil sampling bags from soil testing laboratoryhmibost of the information printed

or stencilled on them with indelible ink.

Compare the number and details on the bag witldigatch list. The serial
numbers of different places should be distinguidhegutting the identification mark
specific for each centre. This may be in alphalsztg,one for district and another for
block/county and third for the village.

Pack the samples properly. Wooden boxes are maishbke for long
transport. Sample bags may be packed only in dbeas never used for fertilizer or
detergent packing.

Farmers may bring soil samples directly to theotatory. Most of the
samples are, however, sent to the laboratoriesighrahe field extension staff. An
organized assembly-processing despatch systemuged to ensure prompt delivery
of samples to the laboratory.

Preparation of soil samples for analysis

Handling in the laboratory

As soon as the samples are received at the stilhgelsboratory, they should be
checked with the accompanying information listtHé soil testing laboratory staffs
have collected the samples themselves, then adedjeid notes might have been
kept. All unidentifiable samples should be discdtdaformation regarding samples
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should be entered in a register and each samplgiviee a laboratory number, in
addition to sample number, which helps to distisguif more than one source of
samples is involved.

Drying of samples

Samples received in the laboratory may be moistsé&tshould be dried in wooden or
enamelled trays. Care should be taken to maintendentity of each sample at all
stages of preparation. During drying, the trays lmamumbered or a plastic tag could
be attached. The soils are allowed to dry in the Adiernatively, the trays may be
placed in racks in a hot air cabinet whose tempegashould not exceed 36 and
relative humidity should be between 30 and 60%. rOgleying a soil can cause
profound change in the sample. This step is nobmegended as a preparatory
procedure in spite of its convenience. Drying hegligible effect on total N content
but the nitrate content in the soil changes withetiand temperature. Microbial
population is affected due to drying at high tenap@re. With excessive drying, soil
potassium may be released or fixed depending upgun driginal level of
exchangeable potassium. Exchangeable potassiumbwiilhcreased if its original
level was less than 1 meq/100 g soil ( 1 cmol/kanyl vice-versa but the effect
depends upon the nature of clay minerals in the Boigeneral, excessive drying,
such as oven drying of the soil, affects the abditg of most of the nutrients present
in the sample and should be avoided. Only air drygimrecommended.

Nitrate, nitrite and ammonium determinations maestcarried out on samples
brought straight from the field. These samples kEhawt be dried. However, the
results are expressed on oven dry basis by sepaestimating moisture content in
the samples.

Post drying care

After drying, the samples are taken to the preparatbom which is separate from
the main laboratory. Air dried samples are grouiitti @ wooden pestle and mortar so
that the soil aggregate are crushed but the sdicfgs do not break down. Samples
of heavy clay soils may have to be ground with ad sunner grinding mill fitted
with a pestle of hard wood and rubber lining to thertar. Pebbles, concretions and
stones should not be broken during grinding.

After grinding, the soil is screened through a éhreieve. The practice of
passing only a portion of the ground sample throtigh sieve and discarding the
remainder is erroneous. This introduces positias im the sample as the rejected part
may include soil elements with differential fetli The entire sample should,
therefore, be passed through the sieve exceptdiacretions and pebbles of more
than 2 mm. The coarse portion on the sieve shoaldekturned to the mortar for
further grinding. Repeat sieving and grinding all aggregate particles are fine
enough to pass the sieve and only pebbles, orgasidues and concretions remain
out.

If the soil is to be analyzed for trace elemeotsitainers made of copper, zinc
and brass must be avoided during grinding and randbieves of different sizes can
be obtained in stainless steel. Aluminium or ptasieves are useful alternative for
general purposes.
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After the sample is passed through the sieve, ustnbe again mixed
thoroughly.

The soil samples should be stored in cardboarsge$dx wooden drawers.
These boxes should be numbered and arranged inimaws wooden drawers, which
are in turn fitted in a cabinet in the soil samm@em.

4.6.3 .Analytical methods for estimation of physical progrties and available
nutrients

Soil Texture

Soil Structure

Cation Exchange Capacity ( CEC)

Soil Moisture

Water Holding Capacity ( WHC)

pH

Lime Requirement

. Soil Electrical Conductivity and gypsum requirement

8.a. Electrical Conductivity

8.b. Gypsum requirement

9. Organic Carbon

10.Total Nitrogen

11.Mineralizable N

12.Inorganic N — N@G& NHa4

13. Available Phosphorus

14.Available Potassium

15. Available Sulphur

16.Exchangeable Calcium and Magnesium

16.a. Calcium by Versenate ( EDTA ) Method

16.b. Calcium plus Magnesium by Versenate ( EDT/A}Xidd

17.Micronutrients

17.a. Available Zinc, Copper, Iron, Manganese

17.b. Available Boron

17.c. Available Molybdenum

NGO A~LWNE

1. Soil Texture

Soil texture or particle size distribution is aldéasoil characteristic which influences
physical and chemical properties of the soil. Tlees of the soil particles have a
direct relationship with the surface area of thatiples. Soil particles remain
aggregated due to various types of binding foraes$ factors which include the
content of organic matter, other colloidal subsgsngresent in the soil, oxides of iron
and aluminium and the hydration of clay particlés. 80 estimate the content of
various sizes of soil particles, the soil sample tioabe brought into dispersed state by
removing various types of binding forces.

In the dispersed soil samples, the soil partiskettle down at a differential
settling rate according to their size. In the eation of soil texture, particles below
2mm diameter are separately determined which datestsand, silt and clay. Each
one of them is characterized as below:

Coarse sand: 2.0 — 0.2 mm diameter
Fine sand: 0.2 — 0.02 mm diameter
Silt: 0.02 — 0.002 mm diameter
Clay: <0.002 mm diameter
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The soil sample is dispersed by removing the bigpdorce in soil particles.

The settling rate of dispersed particles in watemmeasured. Large particles are
known to settle out of suspension more rapidly tidansmall particles. This is
because larger particles have less specific areddhance have lesser buoyancy than
smaller particles. Stoke’s law (1851) is used tpress the relationship. The law
stipulates that the resistance offered by the diqaithe fall of the particle varies with
the radius of the sphere and not with the surfAceordingly, the formula was given
as below:

V — g (Mj ng
90U

Where, V is the velocity of the fall in centimeter per sed, g is the
acceleration due to gravity, dp is the densityh# particle, d is the density of the
liquid, r is the radius of the particle in centimetandn is the absolute viscosity of
the liquid. It is obvious that the velocity of faif the particles with the same density
in a given liquid will increase with the squaretioé radius.

With the above principle in view, the particleesidistribution is estimated by
measuring the amount of different sizes of soitipes present at different calibrated
depths in the cylinder containing suspended sailpte.

Generally, two methods are most commonly usedefimation of particle
size or soil texture:

e International Pipette method
e Bouyoucos Hydrometer method

Hydrometer method is most commonly used sincs less time consuming
and easy to follow in a service laboratory. Disperds obtained by using Calgon
(Sodium haxametaphosphate).

Hydrometer method

Apparatus

e Balance

e Cylinder - 1 litre and 1.5 litre

e Glass beaker —1 litre

e Metal stirrer with 1500 rpm speed
e Bouyoucos hydrometer

e OQOven

e Thermometer &

Reagent
e sodium hexametaphosphate solution containing Z0tger litre of water
Procedure

1. Weigh 50 g oven dried fine textured soil (100 g ¢oarse textured soil) into a
baffled stirring cup. Fill the cup to its half witlistilled water and add 10 ml of
sodium hexametaphosphate solution.
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10.

Place the cup on stirrer and stir until soil aggteg are broken down. This
usually requires 3-4 minutes for coarse texturets smd 7-8 minutes for fine
textured clay.

Quantitatively transfer stirred mixture to the ketf cylinder by washing the cup
with distilled water. Fill the cylinder to the lowenark with distilled water after
placing the hydrometer in the liquid. If 100 goofarse textured sample was used,
fill to the upper mark on the settling cylinder.

Remove hydrometer and shake the suspension vidgrousa back and forth
manner. Avoid creating circular currents in thaultjas they will influence the
settling rate.

Place the cylinder on a table and record the tiAfeer 20 seconds, carefully
insert the hydrometer and read the hydrometerea¢ital of 40 seconds.

Repeat step 4 and 5 to obtain hydrometer readinignvD.5 g differences from
each other. The hydrometer is calibrated to reaamgr of soil material in
suspension.

Record the hydrometer readings on the data shieen(below).

Measure the temperature of the suspension. Fordzagriee above 20° C add 0.36
to the hydrometer reading, and for each degreenb2® C, subtract 0.36 from
the hydrometer reading. This is the corrected hyatter reading.

Reshake the suspension and place the cylinder tabla where it will not be
disturbed. Take a hydrometer reading exactly twarfolater. Correct for
temperature as described above.

From the percentage of sand, silt and clay caledlain the Data Sheet, use the
diagram for textural triangle to determine the teat class of the soil.

Table 13 :Data sheet for recording of hydrometer radings:

O©CoO~NOOUThA~WDNPE

10

11
12
13

14

Soil sample identification number

Soil weight (g)

Forty second hydrometer reading (g)

Temperature of suspensiorf)C

Corrected 40-second hydrometer reading (Q)

Two hours hydrometer reading (g)

Temperature of suspensior’)C

Corrected 2-hour hydrometer reading ()

Grams of sand (the sand settles to the bottotheotylinder
within 40 seconds, therefore, the 40-second cadect
hydrometer reading actually gives the grams ofasilll clay
in suspension. The weight of sand in the samplabtained
by subtracting line 5 from line 2).

Grams of clay (the corrected hydrometer readirthe end of
two hours represents grams of clay in the susperssice all
sand and silt has already settled by this time).

Percent sand (line9line 2)x 100

Percent clay (line 18 line 2)x 100

Percent silt (find the silt by difference. Sulot the sum of
the percent sand and clay from 100).

Soil class (as per Figure 1)
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FIGURE 1

Soil textural classes according to proportions ofand, silt and clay
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2.
Soil structure is defined as the arrangement of gbié particles. With regard to
structure, soil particles refer not only to sanld,amd clay but also to the aggregate or
structural elements, which have been formed by #ggregation of smaller
mechanical fractions. The word ‘particle’ thereforefers to any unit that is part of
the make up of the soil, whether primary unit (sasit or clay fraction) or a

Soil Structure

secondary (aggregate) particle.

The size, shape and character of the soil streictaies, which could be cube
like, prism like or platter like. On the basis aes the soil structure is classified as

follows:

e Very coarse: >10 mm
e Coarse: 5-10 mm
e Medium: 2-5mm
e Fine: 1-2 mm

e Very fine: <1 mm

Depending upon the stability of the aggregate thedease of separation, the

structure is characterized as follows:

Poorly developed
Weekly developed
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e Moderately developed
Well developed
e Highly developed

The soil structure or aggregate consists of arimediate grouping of number
of primary particles into a secondary unit. The amant factors which facilitate the
aggregation of soil particles are:

Clay particles and types of clay minerals

Cations such as Calcium

Organic matter

Colloidal matter such as oxides of iron and aluommi

Plant roots

Soil microbes and their types where fungi beingtneffective

Soil structure influences the extent of pore spacthe soil, water holding
capacity, aeration, root movement and the nut@eailability. The better and more
stable soil aggregates are considered as a dessablproperty with regard to plant
growth. Determination of soil structure is, therefoan important exercise in soll
fertility evaluation programme. An aggregate analgsms to measure the percentage
of water stable secondary particles in the soil #m extent to which the finer
mechanical separates are aggregated into coaastpfrs.

The determination of aggregate or clod size distron involves procedures
that depend on the disintegration of soil into slahd aggregates. The resulting
aggregate size distribution depends on the manndr condition in which the
disintegration is brought about. For the measureésnenhave practical significance,
the disruptive forces causing disintegration shatttbely compare with the forces
expected in the field. The field condition partexy with respect to soil moisture
should be compared with the moisture condition &tbjor soil disintegration in the
laboratory. The sampling of soil and subsequenhigigration of clods in relevance
to seed bed preparation for upland crops shouldcdreied out under air dry
conditions for dry sieve analysis. A rotary sielialseer would be ideal for dry sieving.
Similarly the processes of wetting, disruption oy diggregates and screening of
aggregates should be compared to the disruptiienscof water and mechanical
forces of tillage under wetland conditions. Althbugacuum wetting of dry soil
largely simulates the process of wetting in-sitartioularly in the subsurface layers,
the surface soil clods, however, experience laggesdisruption when they are
immersed in water at atmospheric pressure. Theraauptivity of the size
distribution of clods should naturally be the aibe for deciding the method of
wetting by either vacuum wetting or immersion intera The immersion wetting is
more closer to wetting of surface soil by irrigatio

After wetting, aggregates of different sizes candbtained through several
methods like sedimentation, elutriation and sieviHgwever, sieving under water
compares more closely with the disruptive actiohsvater and other mechanical
forces as experienced during wetland rice fielgharation.
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Dry Aggregates Analysis (Gupta and Ghil Dyal, 1998)

The size distribution of dry clods is measured by Bieving Analysis performed on
air dry bulk soil sample either manually or witkethelp of a rotary sieve shaker.

Apparatus

e Nest of sieves, 20 cm in diameter and 5 cm in heighih screens having 25.0,
10.0, 5.0, 2.0, 1.0, 0.5 and 0.25 mm size roundiogs with a pan and a lid

e Rotary sieve shaker
e Aluminium cans

e Balance

e Spade

e Brush

e Polyethelene bags
e Labels

Procedure

Bulk soil sample is collected from the tilled fieldth the help of a 20 cm diameter
and 10 cm height ring. The ring is placed on thedisoil and pressed until in level
with the surface. The loose soil within the ring rsmoved and collected in a
polyethelene bag.

One label indicating the depth and soil profilepig inside the bag and the
other label is tied with the bag. The soil sames then brought to the laboratory
and air dried.

Spread the soil on a sheet of paper and prepage stibsamples by
‘quartering’. The mixed soil material is coned Iretcenter of the mixing sheet with
care to make it symmetrical with respect to find anarse soil material. The cone is
flattened and divided through the center with &it@tal spatula or metal sheet, one-
half being moved to the side quantitatively. Eacte-balf is further divided into
halves; the four quarters being separated intoratpailes or ‘quarters’. The sub-
samples from two of these ‘quarters’ are weighed ased for clod size and
aggregate distribution analysis as duplicates. Wieighed soil sample is transferred
to the top sieve of the nest of sieves having 3.0, 1.0, 0.5 and 0.25 mm diameter
round openings and a pan at the bottom. Coveoghsieve with the lid and place the
nest of sieves on a rotary shaker. Switch on trekeshfor 10 minutes, and then
remove the sieves, and collect the soil retaineccach screen in the pre-weighed
aluminium cans, with the help of a small brush, amiyh the cans with the soil.

If the percentage of dry aggregates on 5 mm se&geeds 25%, transfer these
aggregates to a nest of sieves with 25.0, 10.05ahdnm sieves along with a pan.
Cover the top sieve containing the aggregates aviil and place the nest of sieves
on the rotary sieve shaker. Switch on the motorllfdminutes and proceed as above
for the estimation of aggregate size distributidmalyse the duplicate sample
following the same procedure and calculate thegmrdistribution of dry aggregates
retained on each sieve.

Duplicate 100 g sample is dried in an oven fohdrs at 10%C to calculate
the oven dry weight of the soil sample.
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Calculation

I Weight of Aggregates in each sieve group = (WWtAggregates + Can) — Wt.
of Can
ii. Percent distribution of Aggregates in each gjereup

Weight of Aggregatesn eachsizegroupx 100
Total weight of soil

Air -dry wt.(%) x100

iii. Oven-dry wt.of Aggregatd%) =
Y garegatd’) = — 1o, Moisture%

Wet Aggregate Analysis (Gupta and Ghil Dyal, 1998)
Apparatus

¢ A mechanical oscillator powered by a gear reductimtor having amplitude of
oscillation 3.8 cm and frequence of oscillator Ze§cles per minute

e Two sets of sieves, each having 20 cm diameter5and height with screen

openings of 5.0, 2.0, 1.0, 0.5, 0.25 and 0.1 mmétar

Two buckner funnels 15 cm in diameter with rublieppers

Two vacuum flasks of one litre capacity

Suction pump or aspirator

Rubber policeman

Twelve aluminium cans

Perforated cans

Sand bath

Filter papers

Reagents

e 5% Sodium hexametaphosphate
e 4% Sodium hydroxide

Procedure

Among the different procedures adopted, wetting $laenples under vaccum is
suggested because the rate of wetting influencdangl of crumbs. The time of
sieving ranges from 10 minutes to 30 minutes depgndpon the type of wetting.
Ten minutes pre-shaking of the soil sample in @precating shaker or end-to-end
shaker has been suggested by Baver and Rhodeg (@®&8e textured soil.

The technique used by Yoder (1936) and subsequiengroved by the Soil
Science Society of America’s Committee on Physkaalysis is generally used for
determining the size distribution of water staldgragates. The soil sample is taken
when it is moist and friable. It is broken by appty mild stress into smaller
aggregates which can pass through 8 mm screersi@¥red soil sample is taken on a
watch glass for wetting by either vacuum soakingranersion method. For vacuum
wetting, the sample is placed in a vacuum desicaaintaining de-aerated water at
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the bottom. The desiccator is evacuated until tlesgure inside drops to about 3 mm
and water starts boiling. Water is then allowedetger through the top of the

desiccator and to flow into the watch-glass holdihg sample. Enough water is
added to cover the soil sample. Soil sample is taken out of desiccator.

Prepare four soil samples of 25 g each, Placa afsduplicate sample in an
oven for the determination of moisture content. #eo set of saturated duplicate soil
sample is then transferred to the top sieve ohtw of sieves (5.0, 2.0, 1.0, 0.5, 0.25
and 0.1 mm) and spread with the help of a glassaratia slow jet of water. The
bottom pan is then removed, and the nest of sisvatached to the Yoder type wet
sieve shaker. Fill the drum (which holds the sesief’es) with salt-free water at 20-
25° C to a level somewhat below that of the screerhintop sieve of the nest of
sieves, when the sieves are in the highest posiliban lower the nest of sieves to
wet the soil for 10 minutes. Bring the nest of s®to the initial position and adjust
the level of water so that the screen in the t@vesiis covered with water in its
highest position. Now switch on the mechanical lzgor to move the nest of sieves
up and down with a frequency of 30-35 cycles pemutd@ and a stroke of 3.8 cm.
Sieving is done for 10 minutes. Remove the nescoéens from the water and allow
it to drain for some time. Transfer the soil regton each screen with a stream of
distilled water and brush into a Buckner funnelihg\a pre-weighed filter paper and
connected to a suction pump. Transfer the soil galith the filter paper into an
aluminium can and dry at 196 for 24 hours. Weigh the soil nearest to 0.01 g.

Transfer the oven dry soil aggregates from all thes of a set into the
dispersion cup. Add dispersing agent (10 ml of 5%lutoon of sodium
hexametaphosphate for normal and Ca-saturated soil$0 ml of 4% solution of
sodium hydroxide for acid soil) and enough distilieater to fill the cup within 4 cm
of the rim, and then stir the suspension for 10utd@s. Wash the suspension on an
identical set of sieves as used previously by medre stream of tap water and a
brush and transfer it to aluminium cans. The san@&&ach can is oven dried and
weighed in the same manner as above. Calculatgpeheent distribution of soil
particles (aggregates and the sand) and the saticlgmretained on each sieve.

Calculation
Size distribution of soil particles (aggregate fdya

Soil particles i h si %) =
oil particles in each size group (%) W, (ag+s)i x 100

W
Sand particle in each size group (%)WOd(S)I X100
where, od
W4 is the oven dried weight of the aggregates (ag) $and (s), and i is the size

group.
3. Cation Exchange Capacity (CEC)

The total number of exchangeable cations a soillzdd is called cation exchange
capacity (CEC). The higher the CEC, the more catigncan retain. It can be
expressed in terms of milliequivalents/100 g ofl $0e/100 g) or centimoles of
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positive charge per kg of soil (cmol/kg), whichismerically equal to me/100 g. The
CEC of the soil depends on the kind of clay andioigmatter present.

Apparatus

Centrifuge

50 ml round bottom centrifuge tubes

Mechanical shaker

Flame Photometer and accessories which includeaReyLithium and Sodium
standards

Reagents

Sodium acetate (NaOAc) 1.0M: Dissolve 136.08 goofism acetate trihydrate in
distilled water and bring the volume to 1 litre.jAst the pH to about 8.2.

Ethanol 95%.

Ammonium acetate (N¥DAc) 1.0M: Dissolve 77.09 g of ammonium acetate in
distilled water and dilute to approx. 900 ml. AdjysH to 7.0 with dilute
ammonium hydroxide or acetic acid as required amadearup the volume to 1
litre.

Standard solution of NaCl: Dissolve 5.845 g of ARade NaCl in 1.0M
ammonium acetate and make the volume to 1 litrevlltgive 100 meg/litre of
sodium in stock solution. From this solution takel0 2, 5, 7.5 and 10 ml and
make up the volume to 100 ml each with the ammoragetate. It will give 0, 1,
2,5, 7.5 and 10 meq/litre of sodium.

Procedure

=

Weigh accurately 5 g soil and transfer the sanpke %0 ml centrifuge tube.

Add 25 ml of 1.0M sodium acetate solution to thbetustopper and shake in a
mechanical shaker for 5 minutes.

Centrifuge at 2000 rpm for 5 minutes or until thpernatant liquid is clear.
Decant the liquid completely and repeat the extacthree more times. Discard
the decants.

Repeat steps 2 — 4 with ethanol or isopropyl altoimtil the EC of the decant
reads less than 40 mS/cm(usually it takes 4 toghings).

To displace the adsorbed Na, repeat steps 2 —ng ilse ammonium acetate
solution. Collect the decant in 100 ml volumetiask fitted with a funnel and
filter paper. Make up to volume with ammonium atetolution.

To determine sodium concentration by flame photoyngirepare a series of Na
standard solutions in the range of 0 — 10 meqgfifra. Prepare a standard curve
by plotting sodium concentration on x-axis and #guinotometric readings on y-
axis. Unknown sample extract is fed on the flamépimeter and the reading is
taken, corresponding to which the concentrationsedium is read from the
standard curve. For better results, add LiCl inheatandard to yield a final
concentration of about 5 meg/litre of LiCl.

Calculation

Ammonium acetate extractable Na which is exchariggsda in meg/100 g soil =

Nacoc.of extractin meg/litre(Y) x100x Vol. of extractin ml (100) Y x10 _

2Y

Wt.of soilin g(5) 1000 5
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This displaced Na is actually a measure of theabaiixchange Capacity (CEC) of
the soil. So, the me Na/100 g soil is actually mehangeable cations (Ca, Mg, Na
and K)/100 g soil.

4. Soil Moisture

Gravimetric method of moisture estimation is mogstely used where the soil sample
is placed in an oven at 105 and dried to a constant weight. The differenogéight
is considered to be water present in the soil sampl

Apparatus

e Aluminium Moisture Box
e Oven
e Desiccator

Procedure

1. Take 100 g of soil sample in the aluminium moisthox and keep in the oven
after removing the lid of the box.

2. The sample is kept at 108 till it attains a constant weight. It may take-38}
hours.

3. Cool the sample, first in the switched off oven #meh in a desiccator.

4. Take the weight of the cooled moisture box. Thes los weight is equal to
moisture contained in 100 g soil sample.

Calculation

Lossin weight
Oven- dry weight of soil

The corresponding moisture correction factarcf) for analytical results or the
multiplication factor for the amount of sample ®Wweighed in for analysis is:

Moisture(%o)=

) ) 100+ % moisture
Moisture correction factor = 100

5. Water Holding Capacity (WHC)

Veihmeyer and Hendrickson (1931) defined the fiedghacity or the water holding

capacity as the amount of water held in the sadrahe excess gravitational water
has drained away and after the rate of downwardemewt of water has materially
ceased. Stage of field capacity is attained in fielel after 48 to 72 hours of

saturation. It is the upper limit of plant availalsioil moisture.

Apparatus

Polythene sheets
Spade

Soil auger

Moisture boxes/cans
Balance

Oven
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Procedure

Select a uniform plot measuring 5 m x 5 m.

Remove weeds, pebbles etc. and make bunds aroeipdoth

Fill sufficient water in the plot to completely s&dte the soil.

Cover the plot area with a polythene sheet to cleselporation.

Take soil sample from the centre of the plot frdva tesired layer, starting after
24 hours of saturation and determine moisutre candaily till the values of
successive days are nearly equal.

6. Record the weight as below:

agrwnNpE

e Weight of empty moisture box =X
e Weight of moisture box + moist soll =Y
e Weight of moisture box + oven dry soill =Z
¢ Repeat above on next day and so on till a conZtaatue is reached.

Calculation
Moisture content in soil =Y-Z
Weight of oven dry soil =Z-X

Percentagef moisturen soil (1stday) = (; — )Z( j x100=a

Percentage of moisture on succeeding days & &tc.

Plot the daily readings on a graph paper. The lovezgling is taken as a value of
field capacity of the soil.

6. pH

The soil pH is the negative logarithm of the actiyelrogen ion (F) conc. in the soil
solution. It is the measure of soil sodicity, atjdir neutrality. It is a simple but very
important estimation for soils, since soil pH ifhces to a great extent the
availability of nutrients to crops. It also affeatscrobial population in soils. Most
nutrient elements are available in the pH range.®to 6.5.

In various chemical estimations, pH regulatiornsical. Specific colours as
observed in the presence of various pH indicatotsthe colour changes due to pH
change are shown iAnnexure-11 The procedure for measurement of soil pH is
given below.

Apparatus

pH meter with a range of 0-14 pH
Pipette/dispenser

Beaker

Glass rod
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Reagent

e Buffer solutions of pH 4, 7 and 9

e Calcium chloride solution (0.01M): Dissolve 14.7CGgCb.2H,O in 10 litre of
water to obtain 0.01M solution.

Procedure

1. Calibrate the pH meter, using 2 buffer solutionse should be the buffer with
neutral pH (7.0) and the other should be choseadas the range of pH in the
soil. Take the buffer solution in the beaker. Ihgke electrode alternately in the
beakers containing 2 buffer solutions and adjustaiH. The instrument indicating
pH as per the buffers is ready to test the samples

2. Weigh10.0g of soil sample into 50 or 100 ml bealkeid 20ml| of CaGlsolution
(use water instead of CaColution throughout the procedure if water is uas@
suspension medium).

3. Allow the soil to absorb Cagkolution without stirring, then thoroughly stirrfo
10 second using a glass rod.

4. Stir the suspension for 30 minutes and record Bhempthe calibrated pH meter.

Table 14 : Based on soil pH values, following types of seodactions are
distinguished:

PH Range Soil Reaction Rating
<4.6 Extremely acid
4.6-5.5 Strongly acid

5.6-6.5 Moderately acid
6.6-6.9 Slightly acid

7.0 Neutral

7.1-8.5 Moderately alkaline
>8.5 Strongly alkaline

The acidic soils need to be limed before theylmaput to normal agricultural
production. The alkali soils need to be treatedhwypsum to remove the excessive
content of sodium.

7. Lime Requirement

Crop vyields are normally high in soils with pH vesubetween 6.0 and 7.5. Lime is
added to raise the pH of acid soils, and the amolintne required to raise the pH to
an optimum level is called as Lime Requirement.uinber of methods are available
for the determination of lime requirement. The Widtland the Shoemakest al
methods are discussed here which are based osehaf a buffer solution, whose pH
undergoes change when treated with acid soils. iHeof buffer solution will
gradually decrease wheri ldn concentration increases. Whehikcreases by 1 meq
in 100 ml buffer solution, pH value will decreasel unit.

Buffer solutions needs to be prepared afresh. AN).@olution of AR grade

potassium hydrogen pthalate (molecular weight 2D4gdves a pH of 4.0 at 25C
and it can be used as a buffer.
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Woodruff's Method (Woodruff, 1948)

Apparatus

e pH meter
e Automatic pipettes
Reagent

e Woodruff's buffer solution: Dissolve 10 g calciurnedate [Ca(CBCOOH)], 12
g para-nitrophenol, 10 g salicylic acid and 1.2oglism hydroxide in distilled
water. Adjust pH to 7.0 with acetic acid or sodibgdroxide, transfer to 1 litre
volumetric flask and make the volume to the marthwiistilled water.

Procedure

1. Take 10 g soil sample in a clean 50 ml beaker.

2. Add 10 ml of distilled water, stir and wait for 8inutes.

3. Determine pH value in soil suspension.

4. If the pH value is less than 5.0 (average of 4¢ @b to have one value), add 10
ml Woodruff's buffer solution, stir and wait for 3@inutes before determining
new pH value.

The amount of lime required to raise the pH foi@dtural purpose is shown in
Table 15.

TABLE 15 pH and quantity of lime required to reduce soil acidity (tonnes/ha)

pH CaCOs Ca(OH), Marl Limestone Dolomite

(after

buffer)
6.5 6.00 4.68 7.20 9.00 6.54
6.4 7.20 5.62 8.64 10.80 7.85
6.3 8.40 6.55 10.08 12.60 9.16
6.2 9.60 7.49 11.52 14.40 10.46
6.1 10.80 8.42 12.96 16.20 11.77
6.0 12.00 9.36 14.40 18.00 13.08
5.9 13.20 10.30 15.84 19.80 14.39
5.8 14.40 11.23 17.28 21.60 15.70
5.7 15.60 12.17 18.72 23.40 17.00
5.6 16.80 13.10 20.16 25.20 18.31

The soils between pH 6.6 and 7.5 are practicallysicered as nearly neutral.
Such soils do not need to be treated with limeypsgm. Even in case of soils, which
are acidic and alkaline beyond these limits, grawoh acid loving and salt tolerant
crops may be considered. Only highly acidic soild ¢he soils with high alkalinity
need to be treated with chemical amendments sime®@peration is quite expensive.
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Shoemaker Method (Shoemakeet al, 1961)

Apparatus

e pH meter
e Automatic pipettes - 10 and 20 ml

Reagent

e Extractant Buffer: Dissolve 1.8 g of nitrophenol5 2nl triethanolamine, 3.0 g
potassium chromate ¢KCrQOy), 2.0 g calcium acetate and 53.1 g calcium chéorid
in a litre of water. Adjust pH to 7.5 with NaOH.

Procedure

1. Take 5.0 g soil sample in a 50 ml beaker.

2. Add 5 ml distilled water and 10 ml extractant buffe

3. Shake continuously for 10 minutes or intermitteritty 20 minutes and read the
pH of the soil buffer suspension with glass eled#toThe pH of the buffer
solution is reduced, depending upon the extenbibbsidity.

For various levels of measured pH of soil buffesgsion, the amount of lime
required to raise the soil pH to 6.0, 6.4 and 6.§iven in Table 4 in terms of CaG.O
The decrease of buffer pH by 0.1 unit is equivatent meq of H in 100 ml buffer
solution. The lime requirement varies with the tgbesoils and their cation exchange
capacity.

TABLE 16 Lime requirement for differert pH targets
Measured pH of | Lime Requirement in tonnes/ha as CaC@for bringing
soil buffer soil pH to different levels
suspension 6.0 6.4 6.8

v pH —>
6.7 2.43 2.92 3.40
6.6 3.40 4.13 4.62
6.5 4.37 5.35 6.07
6.4 5.59 6.56 7.53
6.3 6.65 7.78 8.99
6.2 7.52 8.93 10.21
6.1 8.5 10.21 11.66
6.0 9.48 11.42 13.12

Practically, pH of acid soils may not be raiseddray6.4/6.5.
8. Soil Electrical Conductivity(EC) and Gypsum requirement
The soils having pH value more than 8.0-8.5 mayeltae following special features:

e Presence of excessive amounts of soluble salts.
e Presence of excessive amounts of sodium on theaagehcomplex.

The chemical properties of salt affected soilssam@marized imable 17.
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TABLE 17

Chemical characteristics of saline, non-saline socland saline sodic soils

Soil EC (dS/m) ESP pH
Saline >4.0 <15 <8.5
Sodic (non-saline) <4.0 >15 >8.5
Saline Sodic >4.0 >15 <8.5

Source: Richards, 1954

Such soils are generally not considered suitabigfowing most of the crops
unless treated with suitable amendment materiatsveiter, there are salt tolerant
crops which could be grown on these soils.

To determine the quality of these soils, the follgy estimations are required:

e PH (as described before)
e Salt content or electrical conductivity
e Exchangeable sodium or gypsum requirement

8a.  Electrical Conductivity (EC)

The electrical conductivity (EC) is a measure ¢ tbnic transport in a solution
between the anode and cathode. This means, thes BG@mally considered to be a
measurement of the dissolved salts in a solutidke & metallic conductor, they obey
Ohm’s law.

Since the EC depends on the number of ions isahgion, it is important to
know the soil/water ratio used. The EC of a soilc@ventionally based on the
measurement of the EC in the soil solution extfemin a saturated soil paste, as it
has been found that the ratio of the soil solutionsaturated soil paste is
approximately two-three times higher than thaiedtfcapacity.

As the determination of EC of soil solution fromsaturated soil paste is
cumbersome and demands 400-500 g soil sample forddtermination, a less
complex method is normally used. Generally a liveater suspension is used.

Apparatus

e EC meter

e Beakers (25 ml), erlenmeyer flasks (250 ml) ane{gs
e Filter paper

Reagent

e 0.01M Potassium chloride solution: Dry a small ditgrof AR grade potassium
chloride at 68 C for two hours. Weight 0.7456 g of it and dissolmefreshly
prepared distilled water and make the volume toliiree This solution gives an
electrical conductivity of 1411.8xT0i.e. 1.412 mS/cm at 36. For best result,
select a conductivity standard (KCI solution) cles¢he sample value.

81



Procedure

1. Take 40 g soil into 250 ml Erlenmeyer flask, addh@®f distilled water, stopper
the flask and shake on reciprocating shaker fortame. Filter through Whatman
No.1 filter paper. The filtrate is ready for measuent of conductivity.

2. Wash the conductivity electrode with distilled wated rinse with standard KClI
solution.

3. Pour some KCI solution into a 25 ml beaker andtdgelectrode in the solution.
Adjust the conductivity meter to read 1.412 mS/corrected to .

4. Wash the electrode and dip it in the soil extract.

5. Record the digital display corrected to’Z5 The reading in mS/cm of electrical
conductivity is a measure of the soluble salt cont@ the extract, and an
indication of salinity status of this soil (Tabl®)1 The conductivity can also be
expressed as mmhos/cm.

TABLE 18 General interpretation of ECvalues
Soil EC Total salt Crop reaction
(mS/cm) | content (%)

1. Salt free 0-2 <0.15 Salinity effect negligible,
except for more sensitive crops

2. Slightly saline 4-8 0.15-0.35 Yield of many csapstricted

3. Moderately saline] 8-15 0.35-0.65 Only toleramips yield
satisfactorily

4. Highly saline >15 >0.65 Only very tolerant crosld
satisfactorily

8b. Gypsum requirement (Schoonover, 1952)

In the estimation of gypsum requirement of saliodig/sodic soils, the
attempt is to measure the quantity of gypsum (@Qalcsulphate) required to replace
the sodium from the exchange complex. The sodiumeptaced with calcium of
gypsum is removed through leaching of the soil. Fods treated with gypsum
become dominated with calcium in the exchange cerapl

When Calcium of the gypsum is exchanged with sodiiere is reduction in
the calcium concentration in the solution. The dianof calcium reduced is
equivalent to the calcium exchanged with sodiumisltequivalent to gypsum
requirement of the soil when ‘Ca’ is expressed aS@.

Apparatus
e Mechanical shaker

e Burette — 50 ml
e Pipettes — 100 ml and 5 ml
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Reagents

e Saturated gypsum (calcium sulphate) solution: Addy ®f chemically pure
CaSQ.2H,0to one litre of distilled water. Shake vigorousty L0 minutes using
a mechanical shaker and filter through Whatman Ntet paper.

e 0.01N Cad] solution: Dissolve exactly 0.5 g of AR grade CaQidwder in
about 10 ml of 1:3 diluted HCI. When completelysditved, transfer to 1 litre
volumetric flask and dilute to the mark with diktd water. CaGlsalt should not
be used as it is highly hygroscopic.

¢ 0.01N Versenate solution: Dissolve 2.0 g of pureTBDB- disodium salt and 0.05
g of magnesium chloride (AR grade) in about 50 fnvater and dilute to 1 litre.
Titrate a portion of this against 0.01N of Caéblution to standardize.

e Eriochrome Black T (EBT) indicator: Dissolve 0.50fy EBT dye and 4.5 g of
hydroxylamine hydrochloride in 100 ml of 95% ethkr®tore in a stoppered
bottle or flask.

e Ammonium hydroxide-ammonium chloride buffer: Dissol67.5 g of pure
ammonium chloride in 570 ml of conc. ammonium hyate and dilute to 1 litre.
Adjust the pH at 10 using dilute HCI or dilute NBH.

Procedure

1. Weigh 5 g of air-dry soil in 250 ml conical flask.

2. Add 100 ml of the saturated gypsum solution. Firplit a rubber stopper and
shake for 5 minutes.

3. Filter the contents through Whatman No.1 filter grap

4. Transfer 5 ml aliquot of the clear filtrate intd@0 or 150 ml porcelain dish.

5. Add 1 ml of the ammonium hydroxide-ammonium chlerlgliffer solution and 2
to 3 drops of Eriochrome black T indicator.

6. Take 0.01N versenate solution in a 50 ml bureti# t#trate the contents in the
dish until the wine red colour starts changing kg blue. Volume of versenate
used = B.

7. Run a blank using 5 ml of saturated gypsum soluitioplace of sample aliquot.
Volume of versenate solution used = A.

Calculation
Gypsum requirement (tonnes/ha) = (A — B) x N x 382

where,

A = ml of EDTA (versenate) used for blank titration
B = ml of ETDA used for soil extract

N = Normality of EDTA solution

9. Organic Carbon/Organic Matter

Organic matter estimation in the soil can be dopeliferent methods. Loss
of weight on ignition can be used as a direct meastithe organic matter contained
in the soil. It can also be expressed as the cowofeorganic carbon in the soil. It is
generally assumed that on an average organic maitgains about 58% organic
carbon. Organic matter/organic carbon can also dienated by volumetric and
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colorimetric methods. However, the use of potassiichromate (KCr,O;) involved

in these estimations is considered as a limitatecause of its hazardous nature. Soil
organic matter content can be used as an indexaxaNability (potential of a soil to
supply N to plants) because the content of N il sgganic matter is relatively
constant.

Loss of weight on ignition

Apparatus
e Sjeve

e Beaker

e Oven

e Muffle furnace

Procedure

1. Weigh 5.0 to 10.0 g (to the nearest 0.01 g) sigfZ&2dm) soil into an ashing
vessel (50 ml beaker or other suitable vessel).

2. Place the ashing vessel with soil into a dryingroset at 105C and dry for 4
hours. Remove the ashing vessel from the dryinghoaed place in a dry
atmosphere. When cooled, weigh to the nearest @.®lace the ashing vessel
with soil into a muffle furnace and bring the temgiare to 400C . Ash in the
furnace for 4 hours. Remove the ashing vessel tremuffle furnace, cool in a
dry atmosphere and weigh to the nearest 0.01 g.

Calculation

x100

: W, - W.
Percenbrganicmatter(OM) = %

1

Percent organic C = % OM x 0.58

Where,

W; is the weight of soil at 10% and W is the weight of soil at 46C.

Volumetric method (Walkley and Black, 1934)

Apparatus

e Conical flask - 500 ml
e Pipettes - 2, 10 and 20 ml
e Burette - 50 ml

Reagents
e Phosphoric acid — 85%

e Sodium fluoride solution — 2%
e Sulphuric acid — 96 % containing 1.25% 8¢
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e Standard 0.1667M ¥Cr,O;: Dissolve 49.04 g of ¥Cr,O; in water and dilute to 1
litre

e Standard 0.5M FeS@olution: Dissolve 140 g Ferrous Sulphate in 80GQuaier,
add 20 ml concentrated,HO, and make up the volume to 1 litre

¢ Diphenylamine indicator: Dissolve 0.5 g reagentdgraliphenylamine in 20 ml
water and 100 ml concentrated3®y,

Procedure

Weigh 1.0 g of the prepared soil sample in 500 oniical flask.

Add 10 ml of 0.1667M KCr,O; solution and 20 ml concentrated,S$0,
containing AgSO.

Mix thoroughly and allow the reaction to complete 30 minutes.

Dilute the reaction mixture with 200 ml water ar@ril HsPO,.

Add 10 ml of NaF solution and 2 ml of diphenylamindicator.

Titrate the solution with standard 0.5M FeS®lution to a brilliant green colour.
A blank without sample is run simultaneously.

N

NoOs®

Calculation

Percent organic Carbon (X) =

10(S-T)x0.003 100

S Wi. of soil
Since one gram of soil is used, this equation sfiaplto:
3(6-T)
S
Where,

S = ml FeSQ@solution required for blank

T = ml FeSQsolution required for soil sample

3 =Eq W of C (weight of C is 12, valency is 4, berieq W is 12+4 = 3.0)

0.003 = weight of C (1 000 ml 0.1667M,®&r,O; = 3 g C. Thus, 1 ml 0.1667M
K.Cr,O7; = 0.003 g C)

Organic Carbon recovery is estimated to be about. Therefore, actual amount of

organic carbon (Y) will be:

Percentvalueof organiocarbombtaineck%)

Or Percentage value of organic carbon x 1.3

Percent Organic matter =
Y x 1.724 (organic matter contains 58 % organi®oar hence 100/581.724)

Note: Published organic C to total organic mattamversion factor for surface soils

vary from 1.724 to 2.0. A value of 1.724 is commypnked, although whenever
possible the appropriate factor be determined @xgertally for each type of soil.
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Colorimetric method (Datta et al, 1962)
Apparatus

e Spectrophotometer
e Conical flask -100 ml
e Pipettes-2,5and 10 ml

Reagents

e Standard potassium dichromate 1/6M (1N)
e Concentrated sulphuric acid containing 1.25%2,
e Sucrose (AR quality)

Procedure

1. Preparation of standard curve: Sucrose is usedpaimary standard as carbon
source. Take different quantities of sucrose (1tong0 mg) in 100 ml flasks. Add 10
ml standard KCr,O7; and 20 ml of concentrated,$0, in each flask. Swirl the flasks
and leave for 30 minutes. A blank is also prepametthie similar way without adding
sucrose. Green colour develops which is read ootisgEhotometer at 660 nm, after
adjusting the blank to zero. The reading so obthiseplotted against mg of sucrose
as carbon source (carbon = wt. of sucrose x 0.42use carbon content of sucrose is
42%) or against mg C directly. A standard curverapared for estimation of organic
carbon by Motsara and Roy (2008) while setting gmiatesting laboratory in DPR
Korea is given in Figure 2, as an example, whiabwmshthe accuracy of the method
(the P is as high as 0.991). For convenience, the cu\ghown directly against C
content, which has been derived from mg sucrose usepreparing the standard
curve.
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FIGURE 2
Standard curve for organic carbon on

spectrophotometer
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Procedure

=

Take 1 g of soil in 100 ml conical flask.

2. Add 10 ml of 0.1667M KCr,O; and 20 ml of conc. $¥$0O, containing 1.25
percent of AgSQu.

3. Stir the reaction mixture and allow to stand fom3idutes.

4. The green colour of chromium sulphate so developedread on a

spectrophotometer at 660 nm after setting the blgm&pared in the similar

manner, at zero.

Calculation
The carbon content of the sample is found out filmenstandard curve which shows

the carbon content (mg of carbon v/s spectrophaimmmeadings as absorbance).

Percent C = mg C observed x 100/1000 (observedmgasifor 1 g soil, expressed as

mgQ).
Percent OM = %C x 1.724
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10. Total Nitrogen (Kjeldahl Method)

Total N includes all forms of inorganic N, like NHN, NO3 -N and also NH
(Urea) —N, and the organic N compounds like prateiamino acids and other
derivatives. Depending upon the form of N presenaiparticular sample, specific
method is to be adopted for getting the total g value. While the organic N
materials can be converted into simple inorganicnamacal salt by digestion with
sulphuric acid, for reducing nitrates into ammoalalorm, use of salicylic acid or
Devarda’s alloy is made in the modified Kjeldahlthma At the end of digestion, all
organic and inorganic salts are converted into amumo form which is distilled and
estimated by using standard acid.

As the precision of the method depends upon completversion of organic N
into NH; - N, the digestion temperature and time, solid:aeitio and the type of
catalyst used have an important bearing on the adetfihe ideal temperature for
digestion is 320— 370 C. At lower temperature, the digestion may notbmplete,
while above 419C, the loss of Nkl may occur. The salt:acid (weight:volume) ratio
should not be less than 1:1 at the end of digesGommonly used catalysts to hasten
the digestion process are CuS@ Hg. Potassium sulphate is added to raise the
boiling point of the acid so that loss of acid mjatilization is prevented.

Apparatus

e Kjeldahl digestion and distillation unit

e Conical flasks

e Burettes

e Pipettes

Reagents

e Sulphuric acid — EBOy (93-98%)

e Copper sulphate — Cu3R,0 (AR grade)

e Potassium sulphate or anhydrous sodium sulphategfage)

e 35% sodium hydroxide solution: Dissolve 350 g s®@OH in water and dilute

to one litre

e 0.1M NaOH: Prepare 0.1M NaOH by dissolving 4.0 gOKain water and make
volume to 1 litre. Standardize against 0.1N potamshydrogen phthalate or
standard SOy

e 0.1M HCI or 0.1M HSOu: Prepare approximately 0.1M acid solution and
standardize against 0.1M sodium carbonate

e Methyl red indicator

e Salicyclic acid for reducing N£xo NH;, if present in the sample

e Devarda’s alloy for reducing N@o NH,, if present in the sample.

Procedure

1. Weigh 1 g sample of soil. Place in Kjeldahl flask .

2. Add 0.7 g copper sulphate, 1.5 g30, and 30 m| HSQO..

3. Heat gently until frothing ceases. If necessary] aohall amount of paraffin or
glass beads to reduce frothing.

4. Boil briskly until solution is clear and then camie digestion for at least 30
minutes.
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5. Remove the flask from the heater and cool, add bQvater and transfer to
distilling flask.

6. Take accurately 20-25 ml standard acid (0.1M HCIOdM H,SQy) in the
receiving conical flask so that there will be amess of at least 5 ml of the acid.
Add 2-3 drops of methyl red indicator. Add enougditev to cover the end of the
condenser outlet tubes.

7. Add 30 ml of 35% NaOH in the distilling flask indua way that the contents do
not mix.

8. Heat the contents to distil the ammonia for ab@#8 minutes.

9. Remove receiving flask and rinse outlet tube irgoeiving flask with a small
amount of distilled water.

10. Titrate excess acid in the distillate with 0.1M N&O

11.Determine blank on reagents using same quantistasfdard acid in a receiving
conical flask.

Calculation
1.401 (MM 1-V2oMy) — (VaM1—ViMy)
Percent N = x df
w
Where,

V; - ml of standard acid taken in receiving flaskgamples
V, - ml of standard NaOH used in titration
V3. ml of standard acid taken to receiving flask flamii
V4. ml of standard NaOH used in titrating blank
M; . Molarity of standard acid
M, . Molarity of standard NaOH
W - Weight of sample taken (1 g)
df - Dilution factor of sample (if 1 g was takernr festimation, the dilution factor will
be 100).
Note : 1000 ml of 0.1 M HCl or 0.1 M230s = 1.401 g Nitrogen

Precautions

e The material after digestion should not solidify.

e No NH; should be lost during distillation.

e If the indicator changes colour during distillatjaletermination must be repeated
using either a smaller sample weight or a largéume of standard acid.

11.  Mineralizable Nitrogen (Subbia And Asija, 1956)

In case of soils, mineralizable N (also organicigstimated as an index of
available nitrogen content and not the total n&rogontent. The easily mineralizable
nitrogen is estimated using alkaline KMpQwhich oxidizes and hydrolyses the
organic matter present in the soil. The liberateun@nia is condensed and absorbed
in boric acid, which is titrated against standacitiaThe method has been widely
adopted to get a reliable index of nitrogen avdilgbin soil due to its rapidity and
reproducibility. The process of oxidative hydrok/ss, however, a progressive one
and thus, a uniform time and heating temperatuoellghbe allowed for best results.
Use of glass beads checks bumping while liquid ffiar@hecks frothing during
heating as is recommended in total N estimatioKjeydahl method.
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Apparatus

.Nitrogen distillation unit, preferably with sixgalating heating elements.
Conical flasks, pipettes, burette, etc.

Reagents

0.32% KMnQ: Dissolve 3.2 g of KMn@in water and make the volume to one
litre.

2.5% NaOH: Dissolve 25 g of sodium hydroxide psllet water and make the
volume to one litre.

2% Boric acid: Dissolve 20 g of boric acid powdemiarm water by stirring and
dilute to one litre.

Mixed Indicator: Dissolve 0.066 g of methyl red a@d99 g of bromocresol
green in 100 ml of ethyl alcohol. Add 20 ml of thmsxed indicator to each litre of
2% boric acid solution.

0.1M Potassium Hydrogen Phthalate: Dissolve 20g2# the salt in water and
dilute to one litre. This is a primary standard @oés not require standardization.
0.02M H,SOu: Prepare approximately 0.1M,860, by adding 5.6 ml of conc.
H,SO, to about 1 litre of distilled water. From this,epare 0.02M K5O, by
diluting a suitable volume (20 ml made to 100 ml)thwdistilled water.
Standardize it against 0.1M NaOH solution.

0.1M NaOH. Dissolve 4gm NaOH in 100 ml distilledtera Standardize against
potassium hydrogen phthalate.

Procedure

9.

Weigh 20 g of soil sample in a 800 ml Kjeldahl Ras

Moisten the soil with about 10 ml of distilled watevash down the soll, if any,
adhering to the neck of the flask.

Add 100 ml of 0.32% of KMn@solution.

Add a few glass beads or broken pieces of glass rod

Add 2-3 ml of paraffin liquid, avoiding contact Wwitipper part of the neck of the
flask.

Measure 20 ml of 2% boric acid containing mixedid¢atbr in a 250 ml conical

flask and place it under the receiver tube. Diprdeiver tube in the boric acid.

7. Run tap water through the condenser.
8.

Add 100 ml of 2.5% NaOH solution and immediateliaeh to the rubber stopper
fitted in the alkali trap.

Switch the heaters on and continue distillationlwatiout 100 ml of distillate is
collected.

10. First remove the conical flask containing distél@nd then switch of the heater to

avoid back suction.

11.Titrate the distillate against 0.02M,80, taken in burette until pink colour starts

appearing.

12.Run a blank without soil.
13.Carefully remove the Kjeldahl flask after coolingdadrain the contents in the

sink.

Calculation

Volume of acid used to neutralize ammonia in thraga = A — B ml
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N content in the test sample = (A — B) x 0.56mg
Percent Nitrogen (A —B) x 0.56 x 5

Where,

A = Volume of 0.02M HSQO, used in titration against ammonia absorbed incbori
acid.

B = Volume of 0.02M sulphuric acid used in blartkatiion.
1 ml of 0.02M sulphuric acid = 0.56 mg N (1 000@hiLM H,SO, = 14 g Nitrogen).
Wt. of soil sample = 20 g. Thus, factor for conirgtinto % Nitrogen = 100/20 5

Caution

e Check all the joints of the Kjeldahl apparatus tevent any leakage and loss of
ammonia.

e Hot Kjeldahl flasks should neither be washed imragdy with cold water nor
allowed to cool for long to avoid deposits to setdt the bottom which are
difficult to remove.

e In case frothing takes place and passes throughetdoric acid, such samples
should be discarded and fresh distillation done.

e Opening ammonia bottles in the laboratory shouldstretly prohibited while
distillation is on. The titration should be carriegt in ammonia free atmosphere.

¢ In case the titration is not to be carried out irdrately, the distillate should be
stored in ammonia free cupboards after tightly géomg the flasks

12.  Inorganic Nitrogen - NOs” And NH,"

Inorganic N in soil is present predominantly assNénd NH'. Nitrite is
seldom present in detectable amount, and its detation is normally unwarranted
except in neutral to alkaline soils following thppéication of NH, or NHs-forming
fertilizers.

Nitrate is highly soluble in water, and a numbé&salutions including water
have been used as extractants. These include teatlr85% CaS§£PH,O solution,
0.03M NHiF, 0.015M HSQ,, 0.01M CadCl, 0.5M NaHCQ (pH 8.5), 0.01M CuSg)
0.01M CuSQ containing AgSO, and 2.0M KCI.

Exchangeable NH is defined as Nk that can be extracted at room
temperature with a neutral K salt solution. Variouslarities have been used, such as
0.05M K;SOy, 0.1M KClI, 1.0M KCI, and 2.0M KCI.

The potential of a soil to mineralize N as measurgdN availability indexes
(OM, OC and even total N) is fairly constant froneay to year, making it
unnecessary to make that type of determination eear. However, it is still
necessary to take into consideration the initiabam of available N (inorganic N:
NOs; — N and/or NH — N) in the rooting zone at or near planting tinoe better
prediction of N fertilizer need. In contrast to Ndex tests, this type tests must be
made each year, specially when there is possilafityesidual inorganic N remaining
from previous application or fallow period.
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The methods for the determination of NON and NH - N are even more
diverse than the methods of extraction (KeeneyNgldon 1982). These range from
specific ion electrode to colorimetric techniquescrodiffusion, steam distillation,
and flow injection analysis. Steam distillationsi#ll a preferred method when using
15N. However, for routine analysis phenoldisulfonicida method for NO3 and
indophenol blue method for NH4 estimation have haestribed

Nitrate by phenoldisulfonic acid method

One of the major difficulties in estimating M@ soils by colorimetric methods is
obtaining a clear colourless extract with low com$eof organic and inorganic
substances which interfere with the colorimetrictiod. In arid and salt affected
soils, chloride (CI) is the major anion which irfeges with color development of the
phenoldisulfonic acid method. Therefore, if chleridoncentration is more than 15
ug/g sail, it should be removed before analysigh®yuse of AgSO, to precipitate
chloride as AgCl. The A®QO, is added to the extract or to the reagent used for
extraction, and the AgCl is removed by filtrationa@ntrifugation after precipitation
of the excess A%Ox by basic reagent such as Ca(@bl) MgCGs. It is necessary to
remove the excess Adpefore analysis of the extract because it alserfietes with
the phenoldisulfonic acid method of determiningdNO

Apparatus

* Reciprocating shaker
e Heavy-duty hot plate
* Spectrophotometer

* Dispenser

e Erlenmeyer flask

¢ Beakers
¢ Glass rod
Reagents

e Phenoldisulfonic acid (phenol 2,4-disulfonic acidyansfer 70 ml pure liquid
phenol (carbolic acid) to an 800 ml Kjeldahl flagkdd 450 ml concentrated
H,SO, while shaking. Add 225 ml fuming230, (13-15% S@). Mix well. Place
Kjeldahl flask (loosely stoppered) in a beaker agrihg boiling water and heat
for 2 hours. Store resulting phenoldisulfonic ge&gHsOH(HSG;),] solution in a
glass-stoppered bottle.

e Dilute ammonium hydroxide solution (about 7.5M I¥H): Mix one part
NH4OH (specif gravity 0.90) with one part@.

e Copper sulfate solution (0.5M): Dissolve 125 g CyS6,0 in 1 litre of distilled
water.

e Silver sulfate solution (0.6%): Dissolve 6.0 g-8@ in 1 litre of distilled water.
Heat or shake well until all salt is dissolved.

¢ Nitrate-extracting solution: Mix 200 ml of 0.5M cpgr sulfate solution and 1 litre
0.6% silver sulfate solution and dilute to 10 ktneith water. Mix well.
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Standard nitrate solution (100 pg NN/mI, stock solution): Dissolve 0.7221 g
KNO;3 (oven dried at 105° C) in water and dilute totfeliMix thoroughly.

Standard nitrate solution (10 pg M&/mI; working solution): Dilute 100 ml of
100 pgNO3-N/ml stock solution to 1 litre with watitix well.

Calcium hydroxide, AR grade powder (free of NO
Magnesium carbonate, AR grade powder (free 0§)NO

Procedure

© N o g s~ e DR

Place about 5 g soil in an Erlenmeyer flask.

Add 25 ml of nitrate-extracting solution.

Shake contents for 10 minutes.

Add about 0.2 g Ca(OH)Bnd shake for 5 minutes.
Add about 0.5 g MgCg@and shake for 10-15 minutes.
Allow to settle for a few minutes.

Filter through a Whatman filter paper No. 42.

Pipette 10 ml of clear filtrate into a 100 ml beakevaporate to dryness on a hot
plate at low heat in a fume hood (free of HNf@mes). Do not continue heating
beyond dryness.

When completely dry, cool residue, add 2 ml pheisalébnic acid rapidly (from
a burette having the tip cut off) covering the des quickly. Rotate the beaker so
that reagent comes in contact with all residual. &llow to stand for 10-15
minutes.

10.Add 16.5 ml cold water. Rotate the beaker to dissoésidue (or stir with a glass

rod until all residue is in solution).

11. After the beaker gets cool, add 15 ml.dilute JOH slowly until the solution is

distinctly alkaline as indicated by the developmeair stable yellow color.

12.Add 16.5 ml water (volume becomes 50 ml). Mix thagybly.
13.Read concentration of NN at 415 nm, using the standard curve.
14.Preparation of standard curve: Take 0, 2, 5, 8, Hhanl of the 10 pg N&ml

working solution in respective 100 ml beakers, a@dnl NGs-extracting solution
and evaporate to dryness. Follow steps 9 to 13igutiese standard solutions
having 0, 0.4, 1.0, 1.6 and 2.0 ug N®'ml. Prepare a standard curve to be used
for estimation of N@in the sample.

Calculation

NO; — Nin testsoln.(xg/ml) =

Vol. aftercolourdevelopmen(ml) « Vol.of extractingsoln.(ml)
Vol.evaporatedml) Wi. of oven- driedsoil (g)
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Ammonium by indophenol blue method

The phenol reacts with NHin the presence of an oxidizing agent such as
hypochlorite to form a coloured complex in alkalisendition. The addition of
sodium nitroprusside as a catalyst in the readietmveen phenol and NHncreases
the sensitivity of the method by many folds. Theliadn of EDTA is necessary to
complex divalent and trivalent cations presenthie extract. Otherwise, it forms
precipitate at the pH of 11.4 — 12 used for colevedopment, and this turbidity
would interfere with formation of the phenol — Nebmplex.

The first step is the extraction of exchangeabte#onium.

Apparatus

o Erlenmeyer flask

e Volumetric flask

e Shaker

e Spectrophotometer

Reagents

e Potassium chloride (KCI) solution, 2M: Dissolve 1R grade KCI in 1 litre
distilled water.

e Standard ammonium (Nf) solution: Dissolve 0.4717 g of ammonium sulfate
(NH4)2SOq in water, and dilute to a volume of 1 litre. Ifrpudry (NHy).SO, is
used, the solution contains 100 pg of AWml. Store the solution in a
refrigerator. Immediately before use, dilute 4 rfltlis stock NH" solution to
200 ml. The resulting working solution contains @ @f NH;-N/ml. Accordingly,
various concentrations of standard solution to beerfor the standard curve.

e Phenol-nitroprusside reagent: Dissolve 7 g of pheara 34 mg of sodium
nitroprusside [disodium pentacyanonitrosylferrdiexFe(CN3NO.2H0] in 80
ml of NH," -free water and dilute to 100 ml. Mix well, andrgtdn a dark-colored
bottle in the refrigerator.

e Buffered hypochlorite reagent: Dissolve 1.480 gadium hydroxide (NaOH) in
70 ml of NH,'-free water, add 4.98 g of sodium monohydrogen phate
(NagHPOQy) and 20 ml of sodium hypochlorite (NaOCI) solutigh-5.25%
NaOCI). Use less or more hypochlorite solutionhié toncentration is higher or
lower, respectively than that is indicated abovee€k the pH to ensure a value
between 11.4 and 12.2. Add a small amount of amiditi NaOH if required to
raise the pH. Dilute to a final volume of 100 ml.

e Ethylenediaminetetraacetic acid (EDTA) reagent. sbige 6 g of
ethylenediamine tetraacetic acid disodium salt (BEDdisodium) in 80 ml of
deionized water, adjust to pH 7, mix well, and tlto a final volume of 100 ml.

Extraction

1. Place 10 g of soil in a 250 ml wide-mouth Erlenmeiy@sk and add 100 ml of
2M KCI.

2. Put stopper and shake the flask on a mechanickéskfar 1 hour.
Allow the soil-KClI suspension to settle (about 3idnill the supernatant is clear.

4. If the KCI extract can not be analyzed within 24uts) then filter the soil-KCl
suspension (Whatman no. 42 filter paper) and stotiee refrigerator.
Aliquots from this extract is used for the Neistimation.

w
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Estimation

1. Pipette an aliquot (not more than 5 ml) of theefiétld 2M KCI extract containing
between 0.5 and 12 pg of N into a 25 ml volumetric flask. Aliquots &f3 ml
normally contain sufficient NiHN for quantification.

Add 1 ml of the EDTA reagent, and mix the conteinthe flask.

Allow the content to stand for 1 minute, then adul2f the phenol-nitroprusside

reagent, followed by 4 ml of the buffered hypochreagent, and immediately

dilute the flask to volume (25 ml) with NH- free water and mix well.

4. Place the flask in a water bath maintained at 408r@ allow it to remain for 30
min.

5. Remove the flask from the bath, cool to room terapge, and determine the
absorbance of the coloured complex at a wavelenigf36 nm against a reagent
blank solution.

6. Determine the NHN concentration of the sample by reference to |éoredion
curve plotted from the results obtained with 25staindard samples containing O,
2,4,6, 8,10, and 12 pg of MN/ml.

7. To prepare this curve, add an appropriate amour2MfKCI solution (same
volume as that used for aliquots of soil extraet, about 5 ml)) to a series of 25-
ml volumetric flasks. Add 0, 1, 2, 3, 4, 5, and bahthe 2 pg NH-N/ml solution
to the flasks, and measure the intensity of blubrcdeveloped with these
standards by the procedure described above fartlysis of unknown extracts.

wn

Calculation

NH4-N in the sample as noted from the standard cuA/€zg/ml)
A x100(totalvol.of extrac) « 1

5(vol.of extractestimatedl 10(wt.of soil) -

pgof NH, — N in 1 g soil =

where,
Weight of the soil taken for estimation =10 g
Total volume of extract = 100 ml

Volume of extract taken for estimation =5 ml

13.  Available Phosphorus

Two methods are most commonly used for determinatid available
phosphorus in soils: Bray’'s Method No.1 for acidmils and Olsen’s Method for
neutral and alkaline soils.

In these methods, specific coloured compounds @raed with the addition
of appropriate reagents in the solution, the iritgraf which is proportionate to the
concentration of the element being estimated. Tbleuc intensity is measured
spectrophotometrically. In spectrophotometric asialylight of definite wavelength
(not exceeding say 0.1 to 1.0 nm in band widthgeding to the ultraviolet region of
the spectrum constitutes the light source. Theg#ectric cells in spectrophotometer
measure the light transmitted by the solution.
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A spectrophotometer, as its name implies, is reflly instruments in one
cabinet — a spectrometer and a photometer. A spreter is a device for producing
coloured light of any selected colour (or wavelé)gind, when employed as part of a
spectrophotometer, is usually termed as monochmmaatd is generally calibrated in
wavelengths (nm). A photometer is a device for meag the intensity of the light,
and when incorporated in a spectrophotometer id tseneasure the intensity of the
monochromatic beam produced by the associated rhoomator. Generally, the
photometric measurement is made first with a refegeliquid and then with a
coloured sample contained in similar cells integabs the light beam: the ratio of
the two intensity measurements being a measurbeobpacity of the sample at the
wavelength of the test.

The approximate wavelength ranges of complemerntalyurs are given in
Table 19.

TABLE 19  Wavelengths and corresponding colouranges

Wavelength (nm) Hue Complementary Hue
<400 Ultraviolet

400-435 Violet Yellow green
435-480 Blue Yellow
480-490 Greenish blue Orange
490-500 Bluish green Red

500-560 Green Purple
560-580 Yellowish green Violet
580-595 Yellow Blue

595-610 Orange Greenish blue
610-750 Red Bluish green
>760 Infra-red

Source: Vogel, 1961
White light covers the entire visible spectrum 4D nm
Bray’s method No. 1 (Bray and Kurtz, 1945) for acidsoils

Apparatus

e Spectrophotometer
e Pipette - 2 ml, 5 ml, 10 ml and 20 ml
e Bearkers/flasks - 25 ml, 50 ml, 100 ml and 500 ml

Reagents

e Bray Extractant No 1 (0.03MIH4F in 0.025M HCL): Dissolve 2.22 g of NR in
200 ml of distilled water, filter, and add to thatrate 1.8 litres of water
containing 4 ml of concentrated HCI, make up thieive to 2 litres with distilled
water.
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Molybdate reagent: Dissolve 1.50 g (NHMoO, in 300 ml distilled water. Add
the solution to 350 ml of 10M HCI solution gradyaWith stirring. Dilute to 1
litre with distilled water.

Stannous chloride solution (Stock Solution): Digeol0 g SnGI2H,0 in 25 ml

of concentrated HCI. Add a piece of pure metalicand store the solution in a
glass stoppered bottle.

Stannous chloride solution (Working Solution): @dul ml of the stock solution
of stannous chloride to 66.0 ml with distilled wajtest before use. Prepare fresh
dilute solution every working day.

Procedure

1.

Preparation of the Standard Curve: Dissolve 0.1918 pure dry KHPQ, in 1
litre of distilled water. This solution containsl0.mg BOs/ml. Preserve this as a
stock standard solution of phosphate. Take 10 rthisfsolution and dilute it to 1
litre with distilled water. This solution contaitisig P.Os/ml (0.001 mg BOs/ml).
Take 1, 2, 4, 6 and 10 ml of this solution in sepa25 ml flasks. Add to each, 5
ml of the extractant solution, 5 ml of the molybelakagent and dilute with
distilled water to about 20 ml. Add 1 ml dilute SpGolution, shake again and
dilute to the 25 ml mark. After 10 minutes, read biue colour of the solution on
the spectrophotometer at 660 nm wavelength. Péoabsorbance reading against

ng P.Osand join the points.

2. Extraction:Add 50 ml of the Bray’'s extractant No. 1 to the XfiDconical flask
containing 5 g soil sample. Shake for 5 minutesfédted.
3. Development of colouifake 5 ml of the filtered soil extract with a bylipette in
a 25 ml measuring flask; deliver 5 ml of the molgtareagent with an automatic
pipette, dilute to about 20 ml with distilled watehake and add 1 ml of the dilute
SnCh solution with a bulb pipette. Fill to the 25 ml rkaand shake thoroughly.
Read the blue colour after 10 minutes on the spglttometer at 660 nm
wavelength after setting the instrument to zerdwhie blank prepared similarly
but without the soil.
Calculation
P (kg /ha) = A x@x 2000000: 4A
1000000 5 5
Where,
Weight of the soil taken =5g¢g
Volume of the extract =50 ml
Volume of the extract taken for estimation =5ml
Volume made for estimation (dilution = 5 times) 25ml

Amount of P observed in the sample on the standamee = A (19).
Wt. of 1 ha of soil upto a depth of 22 cm is taksr2 million kg.

As an example, the standard curve prepared by Néotsad Roy (2008)

for estimation of available P by Bray’s method whistablishing a soil
testing laboratory in DPR Korea is given in FigGre
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FIGURE 3
Standard curve for P on spectrophotometer
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Olsen’s method (Olsen, et al, 1954) for alkaline 88

Apparatus

Same as for Bray’'s Method No. 1.
Reagents

e Bicarbonate extractant: Dissolve 42 g Sodium bicaabe in 1 litre of distilled
water and adjust the pH to 8.5 by addition of dilMNaOH or HCI. Filter, if
necessary.

e Activated carbon — Darco G 60.

¢ Molybdate reagent: Same as for the Bray’s MethodINo

e Stannous chloride solution: Same as in Bray’s MetKo. 1.

Procedure

1. Preparation of the standard curve: Procedure isdah& as in Bray’s Method No.
1.

2. Extraction: Add 50 ml of the bicarbonate extracté&mtl00 ml conical flask,
containing 2.5 g soil sample. Add 1 g activatedoar Shake for 30 minutes on
the mechanical shaker and filter.

3. Development of Colour: Procedure same as descubeér the Bray's Method
No. 1.
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Calculation
Same as described under the Bray’s Method No. 1.
Caution:

In spite of all precautions, intensity of blue am@hanges slightly with every
batch of molybdate reagent. It is imperative tookhstandard curve every day by
using 2 or 3 dilutions of the standard phosphatetien. If the standard curve does
not tally, draw a new standard curve with freshyhdhte reagent.

14.  Available Potassium
Flame photometeric method (Toth and Prince, 1949)

Potassium present in the soil is extracted withtnabammonium acetate of 1
molarity. This is considered as plant availablenkihie soils. It is estimated with the
help of flame photometer. This is a well-acceptedhnd.

Apparatus

e Multiple Dispenser or automatic pipette — 25 ml
e Flasks and beakers - 100 ml
¢ Flame Photometer

Reagents

e Molar neutral ammonium acetate solution: Dissolveg7of ammonium acetate
(NH4C2H30y) in 1 litre of water. Check the pH with bromothynidue or with a
pH meter. If not neutral, add either ammonium hydte or acetic acid as per the
need to neutralize it to pH 7.0.

e Standard potassium solution: Dissolve 1.908 g pg@ in 1 litre of distilled
water. This solution contains 1 mg K/ml . Take X00of this solution and dilute
to 1 litre with ammonium acetate solution. Thisagv0.1 mg K/ml as stock
solution.

e Working potassium standard solutions: Take 0, 5,18and 20 ml of the stock
solution separately and dilute each to 100 ml wite M ammonium acetate
solution. These solutions contain 0, 5, 10, 152hdg K/ml, respectively.

Procedure

1. Preparation of the Standard Curve: Set up the flph@ometer by atomizing 0
and 20 ug K/ml solutions alternatively to 0 and 100 readinftomize
intermediate working standard solutions and rectirel readings. Plot these
readings against the respective potassium conéertonnect the points with a
straight line to obtain a standard curve.

2. Extraction: Add 25 ml of the ammonium acetate estaat to conical flask fixed
in a wooden rack containing 5 g soil sample. SHak& minutes and filter.

3. Determine potash in the filtrate with the flame fmoeter.

99



Calculation

K (kg /ha) = A x 22 2200000 _, 5
5 1000000
Where,
A = content of K (1g) in the sample, as read from the standard curve:

Weight of 1 ha of soil upto a plough depth of 22ismapprox. 2 million kg.

Example

While setting up the soil testing laboratory at DR&ea, following standard curve
(Figure 4) was prepared by Motsara and Roy (200B)estimation of K on flame
photometer following the above method.

FIGURE 4
Standard curve for K on flamephotometer
y =0.158x + 0.12
R?=0.9938
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15.  Available Sulphur

Available sulphur in mineral soils occurs mainly adsorbed S@ions. Phosphate
ions (as monacalcium phosphate) are generally peefefor replacement of the
adsorbed S@ions. The extraction is also carried out using Iga0lution. However,
the former is considered to be better for moreciffit replacement of SQons. Use
of Ca salts have a distinct advantage over thoséNafor K as Ca prevents
deflocculation in heavy textured soils and leadgadsy filtration. S@in the extract
can be estimated turbidimetrically using a spec¢tovpmeter. A major problem arises
when the amount of extracted sulphur is too lovbeéomeasured. To overcome this
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problem, seed solution of known S concentratioadded to the extract to raise the
concentration to easily detectable level.

Barium sulphate precipitation method is describexth
Apparatus

e Spectrophotometer
e Mechanical shaker
e Volumetric flask

Reagents

e Mono-calcium phosphate extracting solution (500PAgre): Dissolve 2.035 g of
Ca(HPQy)2.H0 in 1 litre of water.

e Gum acacia-acetic acid solution: Dissolve 5g ofngiecally pure gum acacia
powder in 500 ml of hot water and filter in hot daion through Whatman No.42
filter paper. Cool and dilute to one litre withut# acetic acid.

e Barium chloride: Pass AR grade BaGalt through 1 mm sieve and store for use.

e Standard stock solution (2000 mg S/litre): DissolM&89g of oven-dried AR
grade potassium sulphate in 1 litre water.

e Standard working solution (10 mg S/litre): Measasactly 2.5 ml of the stock
solution and dilute to 500 ml.

e Barium sulphate seed suspension: Dissolve 18 gRvigrade BaGlin 44 ml of
hot water and add 0.5 ml of the standard stocktisolu Heat the content to
boiling and then cool quickly. Add 4 ml of gum aizaacetic acid solution to it.
Prepare a fresh seed suspension for estimatiogdaxer

e Dilute nitric acid (approx 25%): Dilute 250 ml ofRAgrade conc. HN®to one
litre.

e Acetic-phosphoric acid: Mix 900 ml of AR grade gkdcacetic acid with 300 ml
of HsPO, (AR grade).

Procedure

1. Weigh 20 g of soil sample in a 250 ml conical flagi\dd 100 ml of the
monocalcium phosphate extracting solution (500 mgré) and shake for one
hour. Filter through Whatman No.42 filter paper.

Take 10 ml of the clear filtrate into a 25 ml voleiric flask.

Add 2.5 ml of 25% HN@and 2 ml of acetic-phosphoric acid. Dilute to ah?2
ml, stopper the flask and shake well, if required.

4. Shake the BaS{seed suspension and then add 0.5 ml of it, and) @2BaC},
crystals. Stopper the flask and invert three tiares keep.

After 10 minutes, invert 10 times. Again after Shoties invert for 5 times.

Allow to stand for 15 minutes and then add 1 mlgoin acacia-acetic acid
solution.

Make up the volume to 25 ml, invert 3 times andpkaside for 90 minutes.
Invert 10 times and measure the turbidity intenatt440 nm (blue filter).

. Run a blank side by side.

0. Preparation of standard curve:

wnN

o Ul
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e Put 2.5, 5.0, 7.5, 10.0, 12.5, 15.0 ml of the waogkstandard solution (10 mg
Sllitre) into a series of 25 ml volumetric flasks dbtain 25, 50, 75, 100, 125
and 150ug S.

e Proceed to develop turbidity as described abovedaorple aliquots.

e Read the turbidity intensity and prepare the cuoyeplotting readings against
sulphur concentrations (pg in the final volume of 25 ml).

Calculation

AvailableSulphur(SO, - S)in soil (mg/kg)= W x100 W

10x20 2

Where,

W stands for the quantity of sulphur in mg as oi#dion X-axis against an
absorbance reading (Y-axis) on standard curve

20 is the weight of the soil sample in g

100 is the volume of the extractant in ml

10 is the volume of extractant in ml in which tuiby is developed.

16. Determination of exchangeable Calcium and Magnesm

Exchangeable cations are usually determined inuaralenormal ammonium
acetate extract of soil. Extraction is carried byt shaking the soil : extractant
mixture followed by filtration or centifugation. @&m and magnesium are
determined either by EDTA titration method or byoraic absorption
spectrophotometer after the removal of ammoniunteée@nd organic matter.

It may be noted that in soils appreciable amounsaluble calcium and
magnesium may be present. Hence, these water satabibns are estimated in the
1:2 soil water extract and deducted from ammonicetate extractable calcium and
magnesium (since ammonium acetate also extractsrwatuble cations) to obtain
exchangeable calcium and magnesium. To obtainveatiér extract, generally 25g
soil and 50ml of water suspension is shaken fom@tutes on a mechanical shaker
and filtered. The method of estimation in the waberact (water soluble cations) and
ammonium acetate extract (exchangeable catio@nmes

The EDTA titration method developed by Chang anayB951) is preferred
on account of its accuracy, simplicity and speed.

The method is based on the principle that calcimmagnesium and a number
of other cations form stable complexes with vergeethylendiaminetetraacetic acid
disodium salt) at different pH. The interferenceCaf, Zn, Fe, Mn is prevented by the
use of 2% NaCN solution or carbamate. Usually ngation waters and water
extracts of soil, the quantities of interfering $aare negligible and can be neglected.

A known volume of standard calcium solution is afied with standard
versenate 0.01N solution using muroxide (ammoniwmpyrate) indicator in the
presence of NaOH solution. The end point is a chasfgcolour from orange red to
purple at pH 12 when the whole of calcium form®mplex with EDTA.
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16.a. Calcium by Versenate (EDTA) method

Apparatus

Shaker

Porcelain dish

Beakers
Volumetric/conical flask.

Reagents

Ammonium chloride — ammonium hydroxide buffer smot Dissolve 67.5 g
ammonium chloride in 570 ml of conc. ammonium hyitte and make to 1 litre.
Standard 0.01N calcium solution: Take accuratébygOof pure calcium carbonate
and dissolve it in 10 ml of 3N HCI. Boil to expeDgand then make the volume
to 1 litre with distilled water.

EDTA solution (0.01N): Take 2.0 g of versenatesdige in distilled water and
make the volume to 1 litre. Titrate it with 0.01MI@um solution and make
necessary dilution so that its normality is exaetiyal to 0.01N.

Muroxide indicator powder: Take 0.2 g of muroxidgsp known as ammonium
purpurate) and mix it with 40 g of powdered potassisulphate. This indicator
should not be stored in the form of solution, ot¥ise it gets oxidized.

Sodium diethyl dithiocarbamate crystals: It is usedemove the interference of
other metal ions.

Sodium hydroxide 4N: Prepare 16% soda solution isgalving 160 g of pure
sodium hydroxide in water and make the volume litrd. This will give pH 12.

Procedure

1.

Take 5 g air dried soil sample in 150 ml conicakK and add 25 ml of neutral
normal ammonium acetate. Shake on mechanical sliaké&r minutes and filter
through Whatman filter paper No.1.

Take a suitable aliquot (5 or 10 ml) and add 2y3tals of carbamate and 5 ml of
16% NaOH solution.

Add 40-50 mg of the indicator powder. Titrate itttvD.01N EDTA solution till
the colour gradually changes from orange red talisidviolet (purple). It is
advised to add a drop of EDTA solution at an irakf 5 to 10 seconds, as the
change of colour is not instantaneous.

The end point must be compared with a blank readinthe solution is over
titrated, it should be back titrated with standaalcium solution and exact
volume used is thus found.

Note the volume of EDTA used for titration.

103



Calculation

If N1 is normality of C&" and W is volume of aliquot taken and,W, are the
normality and volume of EDTA used, respectivelgrth

N1V1 = N2V2
Or N. — N,V, Normalityof EDTAXVol.of EDTA
Loy, mlof aliquottaken

Here N (Normality) = equivalent of G4 present in one litre of aliquot.

Hence, C& rne/“trl\\qlor_amlltyof EDTA.x Vol.of EDTA x1000
ml of aliquottaken

When expressed on soil weight basis,

C&* me/100 g soil = 100, extracvolume, . -smellitre

wt. of soil 1000

16.b. Calcium plus Magnesium by Versenate (EDTA) nikod

Magnesium in solution can be titrated with 0.01NTRDusing Eriochrome black T
dye as indicator at pH 10 in the presence of amomonthloride and ammonium
hydroxide buffer. At the end point, colour chandgesn wine red to blue or green.
When calcium is also present in the solution tiratton will estimate both calcium
and magnesium. Beyond pH 10 magnesium is not betrodgly to Erichrome black
T indicator to give a distinct end point.

Apparatus

Shaker

Porcelain dish

Beaker
Volumetric/conical flask

Reagents

e EDTA or Versenate solution (0.01N): Same as iniaaladetermination.

e Ammonium chloride-ammonium hydroxide buffer solatidcSame as in calcium
determination.

e Eriochrome black T indicator: Take 100 ml of ethaaad dissolve 4.5 g of
hydroxyl amine hydrochloride in it. Add 0.5 g ofethindicator and prepare
solution. Hydroxylamine hydrochloride removes tideiference of manganese
by keeping it in lower valency state (ffh Or mix thoroughly 0.5 g of the
indicator with 50 g of ammonium chloride.

e Sodium cyanide solution (2%) or sodium diethyl gitarbamate crystals. This is
used to remove the interference of copper, cobaltrackel.
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Procedure

1. Take 5 g air dried soil in 150 ml flask, add 25 ahineutral normal ammonium
acetate solution and shake on a mechanical shakBrrinutes and filter through
Whatman No.1 filter paper.

2. Pipette out 5 ml of aliquot containing not morertttal meq of Ca plus Mg. If the
solution has a higher concentration, it should iheetl.

3. Add 2 to 5 crystals of carbamate and 5 ml of ammwnchloride-ammonium
hydroxide buffer solution. Add 3-4 drops of Eriochre black T indicator.

4. Titrate this solution with 0.01N versenate till tbelour changes to bright blue or
green and no tinge of wine red colour remains.

Calculation
If N» and \4 are normality (concentration of EaMg®") and volume of

aliquot taken and N/, are the normality and volume of EDTA used
respectively, then,

N1V1 = N2V2
OrN; =
N,V, Normalityof EDTAXVol. of EDTA
V, ml of aliquottaken

Here N (Normality) = equivalents of Gaplus Md* present in one litre of
aliquot.
Normalityof EDTA x Vol.of EDTA x1000

ml of aliquottaken
Meliequivalent (me) of M§" = me (C&" + Mg"™") — me of C&"

HenceCa* plusMg*" me/litre=

When expressed on soil weight basis.

Ca"+ Mg"™ me/100 g soil ;1?0 T extralcot\(/)%lumex Ca"™ + Mg mellitre
wt.of soi

17. Micronutrients

For estimation of micronutrients also, it is tHarp available form which is
critical and not the total content. The major ohjexr of soil test for micronutrients,
like macronutrients, is to determine whether a cail supply adequate micronutrients
for optimum crop production or whether nutrientidieincies are expected in crops
grown on such soils. Most commonly studied micraeats are Zn, Cu, Fe, Mn, B
and Mo and the same have been dealt with here.

Micronutrients are present in different forms ire thoil. Among the most deficient
ones is Zn, which is present as divalent catiof" ZMlaize, citrus, legumes, cotton
and rice are especially sensitive to zinc deficyehon is present mostly in sparingly
soluble ferric oxide form, which occur as coatingfs aggregate or as separate
constituent of the clay fraction. Soil redox potahand pH affect the availability of
iron. The form of iron that is predominantly takep by plants is the Bé& Uptake of
Fe is inhibited by phosphate levels due to the &fom of insoluble iron phosphate.
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Manganese, chemically behaves in the soils the seayeas Fe. Soil Mn originates
primarily from the decomposition of ferromagnesiatks. It is taken up by the
plants as Mf ions, although it exists in many oxidation statstanganese and
phosphate are mutually antagonistic. Copper likec z¢xists in soils mainly as
divalent ions C8. It is usually adsorbed by the clay minerals csoagmted with
organic matter, although they have little or naeffon its availability to crops. High
phosphate fertilization can induce Cu deficiencyolyj¥ddenum mostly occurs as
MoQOs, MoOs and MoQ. These oxides are slowly transformed to solubléybuates
(MoOa) which is the form taken up by plants. Boron deficy occurs mostly in the
light textured acid soils when they are leachedvibedhrough irrigation or heavy
rainfall.

Different extractants have been developed for assgsplant available
nutrient (element) content in the soils. The eletmeso extracted can be estimated
guantitatively through chemical methods or instrataétechniques. Commonly used
extractant for different elements are giverfable 20.

TABLE 20 Commonly used extractants for micronutrients

Element Extractants

Zinc EDTA + Ammonium Acetate, EDTA + Ammonium
Carbonate,

DTPA + CaC}, HCI, HNO; and Dithiozone +
Ammonium Acetate

Copper EDTA, EDTA + Ammonium Acetate, Ammonium
Bicarobnate + DTPA,HCI and HNO

Iron EDTA, DTPA, EDTA + Ammonium Acetate, HCI and
HNO3

Manganese Hydroquinone, Ammonium Phosphate, DTPA |an
EDTA + Ammonium Acetate

Boron Hot water and Manitol + CaCl

Molybdenum Ammonium Oxalate, Ammonium Acetate,

Ammonium Fluoride and Water

17a. Available Zinc, Copper, Iron and Manganese

Ethylene damine-teraacitic acid (EDTA) + Ammoniurnefate is commonly
used for extraction of many elements. DTPA (Dieghgtriaminepentaacetic acid) is
yet another common (universal) extractant and idelyi used for simultaneous
extraction of elements, like Zn, Cu, Fe and Mn.sTaktractant was advanced by
Lindsay and Norvell (1978). Although, a specifidrextant for an element which has
higher correlation with plant availability may beeferred, the universal or the
common extractant saves on the cost of chemicats tae time involved in
estimation, especially in a service laboratory weheetarge number of samples need to
be analysed with in a short period.. Therefore, RTRing one such extractant has
been described in this publication.

The estimation of elements in the extriactione with the help of Atomic
Absorption Spectrophotometer (AAS). Critical limitsor DTPA extractable
micronutrient elements as proposed by Lindsay aodvéll (1978) are given in
Table 21.
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TABLE 21 Critical limits for DTPA extractable mic ronutrients

Availability Micronutrients ( pg/g soil)

Zn Cu Fe Mn
Very low 0-0.5 0-0.1 0-2 0-0.5
Low 0.5-1 0.1-0.3 2-4 0.5-1.2
Medium 1-3 0.3-0.8 4-6 1.2-3.5
High 3-5 0.8-3 6-10 3.5-6
Very High >5 >3 >10 >6

Principle of extraction

DTPA is an important and widely used chelating agamich combines with free
metal ions in the solution to form soluble compkexé elements. To avoid excessive
dissolution of CaCg which may release occluded micronutrients tha aot
available to crops in calcarious soils and may gweneous results, the extractant is
buffered in slightly alkaline pH. Triethanolamin€HA) is used as buffer because it
burns cleanly during atomization of extractant 8oluwhile estimating on AAS. The
DTPA has a capacity to complex each of the micnoewit cations as 10 times of its
atomic weight. The capacity ranges from 550 to &5§/kg depending upon the
micronutrient cations.

Extracting solution (DTPA)

DTPA 0.005M, 0.01M CaGIl2H,O and 0.1M TEA extractant: Add 1.967 g DTPA
and 13.3 ml TEA in 400 ml distilled water in a 500 flask. Take 1.47 g Ca&2H,O

in a separate 1 000 ml flask. Add 500 ml distiNeater and shake to dissolve. Add
DTPA+TEA mixture in CaGl solution and make the volume to 1 litre. pH shdagd
adjusted to 7.3 by using 1M HCI before making tbkime.

Principle of Estimation

The extracted elements can be estimated by varmathods, which include
volumetric analysis, spectrometry and atomic alsmrpspectroscopy. Volumetric
methods such as EDTA and KMp@trations are used for estimation of zinc and Mn,
and iron, respectively. Copper can be estimated tibtion with NaS0s.
Spectrometric methods are deployed in estimatiaspetific colour developed due to
the presence of an element, which forms colouredponnd in the presence of
specific chemicals under definite set of conditiombe colour intensity has to be
linear with the concentration of the element ingjion. The interference due to any
other element has to be eliminated. Such methods dithiozone method for
estimation of zinc, orthophenonthroline methodifon, potassium periodate method
for manganese, carbamate method for copper. Thaicaemethods are generally
cumbersome and time taking. Hence the most comnmempgloyed method is atomic
absorption spectrometry. Here, the interferenceotiyer elements is almost nil or
negligible because the estimation is carried outfoelement at a specific emission
spectraline. In fact in AAS, traces of one eletman be accurately determined in
the presence of a high concentration of other ehtsne
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Principle of Atomic Absorption Spectrophotometry

The procedure is based on flame absorption rakfzer lame emission and upon the
fact that metal atoms absorb strongly at discréigracteristic wavelengths which

coincides with the emission spectralines of a paldr element. The liquid sample is

atomized. The hollow cathode lamp which precedesatbmiser, emits the spectrum
of the metal used to make the cathode. This beawverise the flame and is focused on
the entrance slit of a monochromator, which istegead the intensity of the chosen
spectral line. Light with this wavelength is absstby the metal in the flame and the
degree of absorption being the function of the eotration of the metal in the flame,

the concentration of the atoms in the dissolvedensdtis determined. For elemental

analysis, a working curve or a standard curve épg@red by measuring the signal or
absorbance of a series of standards of known ctratiem of the element under

estimation. From such curve, concentration of tlement in unknown sample is

estimated.

Atomic Absorption Spectroscopy can be successapllied for estimation of
Zn, Cu, Fe and Mn. For specific estimation on AASllow cathode lamps, specific
to specific elements are used. The specificatidmslevant hollow cathode lamps are
given inTable 22.

TABLE 22 Specifications of hollow cathode lamp#r micronutrient
estimation on AAS

Specifications | Zn Cu Fe Mn
Lamp current (m A 5 3 7 5
Wave length (nm) 213.9 3248 248.3 279.5
Linear range (mg/l) 0.4-1.5 1.0-5/0 2.0-9.0 1.0-8.6
Slit width (nm) 0-2 0-2 0-2 -2
Integration time (sec) 2.0 2.0 2|0 2.0
Flame Air Acetylene

Running parameters which are specific to a padicmodel are given in the software
provided with the equipment manual. Accordingly tturrent supply, wave length of
hollow cathode lamp, integration time and anticgoestimation ranges are fixed.
Hollow cathode and Deutorium lamps are requiretbéoproperly aligned before
starting the equipment. After proper alignment adgustment, standard curves are
prepared to ensure that the concentration of gm@ehts in solutions perfectly relates
to the absorbance.

Preparation of standard solutions

Readymade standard solutions 1 Q@dml or 1 mg/ml (1 000 ppm) of dependable
accuracy are supplied with the AAS and are alsdlabla with the suppliers of
chemical reagents. If the standard solutions aletprepared in the laboratory, either
metal element foils of 100% purity or the standahémical salts can be used. The
guantities of chemical required to make 1 litrendtrd solution of 10Qug/ml for
different elements are given frable 23
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TABLE 23 Specifications for preparing micronutrient standard solutions

Element | Conc. of stock Salt to be used Quantity of
solution salt
(ng/ml) required/litre
Zn 100 Zinc Sulphate 0.4398
(ZnSQ,. 7H,0)
Cu 100 Copper 0.3928
Sulphate
(CuSQ.5H,0)
Fe 100 Ferrous 0.4964
Sulphate
(FeSQ.7H,0)
or
Ferrous
Ammonium 0.7028
Sulphate
Mn 100 Manganese 0.3075
Sulphate
(MnSOy.H,0)

In case of Zn, Cu and Fe, 1 006/ml (1 000 ppm) standard solution are preferably
prepared by dissolving 1.0 g pure metal wire andme made to 1 litre as per the
method described under each element. It is dilutedobtain the required
concentration. In case of Mn, Mn 6,0 is preferred.

Preparation of standard curves

i. Zinc

Reagents

Standard Zinc Solution: Weigh 1.0 g of pure zindahé a beaker. Add 20 ml
HCI (1:1). Keep for few hours allowing the metaldissolve completely. Transfer
the solution to 1 litre volumetric flask. Make umetvolume with glass-distilled
water. This is 1 00Q.g/ml zinc solution. For preparation of standardveurefer 1
000 pg/ml solution as solutioA. Dilute 1 ml of standard A to 100 ml to get 10
ug/ml solution to be designated as standard

Glass-distilled or demineralized acidified waterpdd 2.5 +0.5: Dilute 1 ml of
10% sulphuric acid to one litre with glass-distlller mineralized water and adjust
the pH to 2.5 with a pH meter using 10%S&@, or NaOH. This solution is called
acidified water.

Working Zn standard solutions: Pipette 1, 2, 486and 10 ml of standarB
solution in 50 ml numbered volumetric flask and make volume with DTPA
solution to obtain 0.2, 0.4, 0.8, 1.2, 1.6 and&0nl zinc. Stopper the flasks and
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shake them well. Fresh standards should be prepsayg time when a fresh lot
of acidified water is prepared.

Procedure

1.

Flaming the solutions: Atomise the standards on mato absorption
spectrophotometer at a wave-length of 213.8 nnlignof the instrument).

Prepare a standard curve of known concentratiozeofsolution by plotting the
absorbance values on Y-axis against their resgeaiivc concentration on X—
axis.

Precautions

Weighing must be done on an electronic balance.

All the glass apparatus to be used should be wastseédvith dilute hydrochloric
acid (1:4) and then with distilled water.

The pipette should be rinsed with the same solutidre measured.

The outer surface of the pipette should be wipdt filter paper after use.

After using the pipette, place them on a cleanfiltgr paper in order to prevent
contamination.

Example

A graph prepared on standardization of zinc estonaty AAS while setting

up of a soil and fertilizer testing laboratory atehtiane, Laos by Motsara and
Roy(2008) is reproduced below (Figure 5). It shav8 value of 0.997. From this
graph, conc. of zinc in the soil sample was worked
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FIGURE 5
Standard curve for Zn on AAS

y = 0.1863x + 0.0099

R?=0.997
0.400

0.350 //
0.300 /
0.250

0.200 -

Absorbance

0.150

0.100 -

0.050

0.000 =
00 02 04 06 08 10 12 14 16 18 20

Zn concentration (ug/ml)

Copper

Reagents

Standard copper solutiolVeigh 1 g of pure copper wire on a clean watchglas
and transfer it to one litre flask. Add 30 ml of Bp(1:1) and make up the mark.
Stopper the flask and shake the solution well. it 000ug/ml Cu solution and
should be stored in a clean bottle for further u3dute 1 ml of 1 000ug/ml
solution of copper to 100 ml to get 1@/ml standard copper solution.
Glass-distilled or demineralized acidified waterpil 2.5 +0.5: Same as that
done for Zn.

Working Cu standard solutions: Pipette 2, 3, 465and 7 ml of 10ug/ml
standard Cu solution in 50 ml numbered volumetasks and make the volume
with DTPA solution to get 0.4, 0.6, 0.8, 1.0, 1r&d&al.4ug/ml copper. Stopper
the flasks and shake them well. Prepare fresh atdactvery fortnight.

Procedure

1. Flame the standards on an atomic absorption spdaitometer at a wavelength

of 324.8nm (Cu line of the instrument).

2. Prepare the standard curve with the known conagoitr of copper on X-axis by

plotting against absorbance value on Y-axis.
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Example

A graph prepared on standardization of copper esiom by AAS while

setting up of a soil and fertilizer testing laborgtat Vientiane, Laos by Motsara and
Roy(2008) is reproduced below (Figure 6). It shau value of 0.9997. From this
graph, conc. of Cu in the soil sample was worketd ou

FIGURE 6
Standard curve for Cu on AAS
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iii. Iron
Reagents

Standard iron solutionVeigh accurately 1 g pure iron wire and put it inemker
and add approximately 30 ml of 6M HCI and boil. Aster it to one litre
volumetric flask through the funnel giving seveweshings to the beaker and
funnel with glass-distilled water. Make the volump to the mark. Stopper the
flask and shake the solution well. This is 1 @@@ml iron solution.

Glass-distilled or demineralized acidified waterpil 2.5 + 0.5: Same as that
done for Zn.

Working Fe standard solutions: Pipette 10 ml ohisiock solution in 100 ml
volumetric flask and dilute to volume with DTPA gtibn. This is 10Qug/ml iron
solution. Take 2, 4, 8, 12 and 16 ml of 10§ ml solution and dilute each to 100
ml to obtain 2, 3, 8, 12 and 1&)/ml of Fe solution.
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Procedure

1. Flame the standards on an atomic absorption spdaitometer at a wavelength
of 248.3nm (Fe line of the instrument).

2. Prepare the standard curve with the known condémtraf copper on X-axis by
plotting against absorbance value on Y-axis.

Example

A graph prepared on standardization of iron esionaby AAS while setting
up of a soil and fertilizer testing laboratory atehtiane, Laos by Motsara and
Roy(2008)-FAO Buletin No.19 is reproduced belowg(Fe 7). It shows & value of
0.9814. From this graph, conc. of Fe in the saihgl@ was worked out.

FIGURE 7
Standard curve for Fe on AAS
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iv. Manganese

Reagents

e Standard Mn solutionVeigh 3.0751 g of AR grade manganese sulphate (MnSO
H20) on a clean watch glass and transfer it to ame fiask through the funnel
giving several washings to watch glass and funn#l acidified water and make
the volume up to the mark. This solution will b&®Q0 pg/ml Mn. A secondary
dilution of 5 ml to 100 ml with acidified water g#g a 5Qug/ml solution.

e Glass-distilled or de-mineralized acidified watépsl 2.5 +0.2: Same as that for
Zn.

e Working Mn standard solutions: Standard curve isppred by taking lower
concentrations of Mn in the range of O1¢/ml Take 1, 2, 4, 6 and 8 ml of 50
pug/ml solution and make up the volume with DTPA soluto 50 ml to obtain 1,
2, 4, 6 and $9/ml working standards.
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Procedure

1. Flame the standards on an atomic absorption spdaitometer at a wavelength
of 279.5 nm (Mn line of the instrument).

2. Prepare the standard curve with the known condgortraof Mn on X-axis by
plotting against absorbance value on Y-axis.

Example

A graph prepared on standardization of iron estonaby AAS while setting up of a
soil and fertilizer testing laboratory at Vientianeos by Motsara and Roy(2008) —
FAO Bulletin No.19 is reproduced below (Figure B)shows an 7 value of 0.9982.
From this graph, conc. of Fe in the soil sample wasked out.

FIGURE 8
Standard curve for Mn on AAS
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Procedure for extraction by DTPA
Once standard curves have been prepared, proceexitfaction by DTPA.

Take 10 g of soil sample in 100 ml narrow-mouthypabpylene bottle.

Add 20 ml of DTPA extracting solution.

Stopper the bottle and shake for 2 hours at roonpégature (25C).

Filter the content using filter paper No.1 or 42dacollect the filtrate in
polypropylene bottles

Prepare a blank following all steps except takispiasample.

PwpbPE

o
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Note:

The extract so obtained is used for estimation iffler@ént micronutrients. For

extraction of more accurate quantity of an elemehich has a higher degree of
correlation with plant availability, there are elembh specific extractants. An
extractant standardized/recommended for a giveatgin in a country may be used.
The estimation procedure on AAS, however, remaichanged.

Estimation on AAS

Select an element specific hollow cathode lampraodnt it on AAS.

Start the flame.

Set the instrument at zero by using blank solution.

Aspirate the standard solutions of different comiedions one by one and record

the readings.

Prepare standard curve plotting the concentratfothe element concerned and

the corresponding absorbance in different stansiantples (as described before).

6. When the operation is performed accurately, a giitaline relationship is
obtained between the concentration of the elemedtthe absorbance on AAS
with a correlation coefficient which may be neaab/high as 1.0.

7. Aspirate the soil extractant obtained for estinmatmf nutrient element in the
given soil sample and observe the readings.

8. Find out the content of the element in the soilraott by observing its

concentration on the standard curve against itsrebace

PwbdNdPE

o

Calculation

Content of micronutrient in the sample (mg/kg) =ug/ml x 2 (dilution
factor).

Where,

Dilution factor = 2.0 (Soil sample taken = 10.0rgildDTPA used = 20 ml)
Absorbance reading on AAS of the soil extract baistymated for a particular
element = X

Concentration of micronutrient as read from thendséad curve for the given
absorbance (X) = @g/ml.

17b. Available boron

The most commonly used method for available B isvisater extraction of soil as
developed by Berger and Truog (1939). A number oidiffed versions of this
method have been proposed but the basic proceelmans the same.

Water soluble boron is the available form of borms extracted from the soil
by water suspension. In the extract, boron cannadysed by colorimetric methods
using reagents such as Carmine, azomethine — Hrastl recently by inductively
coupled plasma (ICP) and atomic emission spectmymgtaubold et al, 1988;
Jeffrey and McCallum, 1988). Colourimetric methadhowever, preferable due to
the fact that boron being a non-metal, use of AAS ifs estimation pose some
limitations.
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The extraction method described here is the simudification (Gupta, 1967)
of the one developed by Berger and Truoug (1939hith boiling soil with water is
employed.

Extraction Procedure
1. Weight 25 g of soil in a quartz flask or beaker.
2. Add about 50 ml of double distilled water and ab@&tg of activated charcoal.

3. The mixture is boiled for about 5 minutes and fédg through Whatman Filter
Paper No.42.

i. Estimation by AAS

The specifications of relevant hollow cathode lamgiven below:

Lamp current (m A 5

Wave length (nm) 249.7

Linear range{g/ml) 1-4

Slit width (nm) 0.02

Integration time (sec) 2.0

Flame Acetylene Nitrous Oxide

Running parameters which are specific to a padrcotodel are given in the
software provided with the equipment manual. Acoagly, the current supply, wave
length of hollow cathode lamp, integration time amdicipated estimation ranges are
fixed. Hollow cathode and Deutorium lamps are regpiito be properly aligned
before starting the equipment. After proper alignmand adjustment, standard
curves are prepared to ensure that the concemtrafiche element in solutions
perfectly relates to the absorbance.

Reagents

e Standard Boron Solution: Dissolve 8.819 gBl®;10H,0 in warm water. Dilute
to 1 litre to get 1 00@g/ml boron stock solution. Dilute 1 ml of stand&od100
ml to get 10ug/ml boron.

e Working standards: Take 1, 2, 3, 4, 5, 6, 7 andanl®f 10 pg/ml solution and
dilute each to 50 ml to get 0.2, 0.4, 0.6, 0.8, 1.2, 1.4 and 2.Qg/ml B.

Procedure

1. Atomise the working standards on atomic absorpspactrophotometer using
acetylene-nitrous oxide as fuel instead of air deae fuel (as used for other
micronutrients) at a wavelength of 249.7 nm.

2. Prepare a standard curve of known concentratiorbabn by plotting the
absorbance values on Y-axis against their resgediron concentration on X-
axis. Measure the absorbance of the soil samplaaxand find out the boron
content in the soil from the standard curve.
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Calculation

Content of B in the soilyg/g or mg/kg) = C x dilution factor (10)

Where :

» C (ug/ml) = concentration of B as read from the staddamve against
the absorbance reading of the soil solution orsgiextrophotometer;
» Dilution factor = 10, which is calculated as &olis:

weight of the soil taken = 25 g;

volume of extractant (water ) added = 50 ml;

first dilution = 2 times;

volume of the filtrate taken = 5 ml;

final volume of filtrate after colour development25 mi;
second dilution = 5 times;

total dilution = 2 x5 = 10 times

Estimation by colorimetric method

The extracted B in the filtered extract is deterdify the azomethine-H colorimetric
method.

Apparatus

Analytical balance

Flask or beaker

Volumetric flask

Funnels

Whatman No.42 filter paper
Spectrophotometer

Reagents

Azomethine-H: Dissolve 0.45 g azomethine-H anddlLlBascorbic acid in about
100 ml deionized or double-distilled water. If dodnm is not clear, it should be
heated gently in a water bath or under a hot wetprat about 30C till it
dissolves. Every week a fresh solution should bepgred and kept in a
refrigerator.

Buffer solution: Dissolve 250 g ammonium acetate5B00 ml deionized or
double-distilled water and adjust the pH to aboud By slowly adding
approximately 100 ml glacial acetic acid, with ciams stirring.

EDTA solution (0.025 M): Dissolve 9.3 g EDTA in deized or double-distilled
water and make the volume upto 1 litre.

Standard stock solution: Dissolve 0.8819g BaO;10H,O AR grade in a small
volume of deionized water and make volume to 1 @fl0to obtain a stock
solution of 100ug B/ml.

Working standard solution: Take 5 ml of stock siolutin a 100 ml volumetric
flask and dilute it to the mark. This solution cains 5ug B/ml.

Procedure

» wn

Take 5 ml of the clear filtered extract in a 25 wolumetric flask and add 2 ml
buffer solution, 2 ml EDTA solution and 2 ml azotmet-H solution.

Mix the contents thoroughly after the addition atk reagent.

Let the solution stand for 1 hour to allow colo@vdlopment. Then, the volume
is made to the mark.

Intensity of colour is measured at 420 nm.
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5. The colour thus developed has been found to béestaibo 3-4 hours.

6. Preparation of standard curve: Take 0, 0.25, A.5),2.0 and 4.0 ml of pg B/ml
solution (working standard) to a series of 25 muwtetric flasks. Add 2 ml each
of buffer reagent, EDTA solution and azomethinedtugon. Mix the contents
after each addition and allow to stand at room tnaoire for 30 minutes. Make
the volume to 25 ml with deionized or double-distll water and measure
absorbance at 420 nm. This will give reading fandard solution having B
concentration 0, 0.05, 0.10, 0.20, 0.40 and P@&/ml.

Calculation
Content of B in the soilug/g or mg/kg) = C x Dilution factor (10)

Where,
C (ug/ml) = Concentration of B as read from the staddarve against the
absorbance reading of the soil solution on thetspgicotometer.

Dilution factor = 10 which is calculated as follaws
e Weight of the soil taken =25 g
Volume of extractant (water) added = 50 ml
First dilution = 2 times
Volume of the filtrate taken =5 ml
Final volume of filtrate after colour developmen2s ml
Second dilution = 5 times
Total dilution =2 x5 =10 times

Note:

1. The use of azomethine-H is an improvement over t¢fiatarmine, quinalizarin
and curcumin, since the procedure involving thismiltal does not require the
use of concentrated acid.

2. The amount of charcoal added may vary with the moyanatter content of the
soil and should be just sufficient to produce aouadess extract after 5 min. of
boiling on a hot plate. Excess amounts of charcaalresult in loss of extractable
B from soils.

17c  Available molybdenum

Molybdenum (Mo) is a rare element in soils, andpissent only in very small
amounts in igneous and sedimentary rocks. The magganic source of Mo is
molybdenite (Mo$. The total Mo content in soils is perhaps the Ilswef all the
micronutrient elements, and is reported to rangeden 0.2ug/g and 1Qug/g.

In the soil solution Mo exists mainly as HMg@n under acidic condition, and
as MoQ? ion under neutral to alkaline conditions. Becaobéhe anionic nature of
Mo, its anions will not be attracted much by theyatéevely charged colloids, and
therefore, tend to be leached from the soils inidwegion.

Molybdenum can be toxic due to greater solubilityalkaline soils of the arid
and semi-arid regions, and deficient in acid sofilthe humid regions.

In plants a deficiency of Mo is common at levels(1 pg/g soil or less.

Molybdenum toxicity (molybdenosis) is common wheditle graze forage plants
with 10-20pg Mo/g.
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In case of Molybdenum, ammonium acetate and/or amum oxalate
extraction is usually carried out. Estimations dam done both by AAS and
colourimetric methods with preference for the lattae to the formation of oxide in
the flame in case of estimation by AAS. Therefaigemical method has also been
described. Ammonium oxalate is considered as eebetttractant. However, for
estimation on AAS ammonium acetate is preferrethasoxalates pose a limitation
on AAS unless removed by digesting with di-acid iasdescribed in case of
colorimetric estimation.

i Estimation by AAS

The specifications of relevant hollow cathode lamgiven below:

Lamp current (m A 5

Wave length (nm) 313.3

Linear range {g/ml) 1-4

Slit width (nm) 0.02

Integration time (sec) 2.0

Flame Acetylene Nitrous Oxide

Running parameters which are specific to a padrcotodel are given in the
software provided with the equipment manual. Acoaly, the current supply, wave
length of hollow cathode lamp, integration time amdicipated estimation ranges are
fixed. Hollow cathode and Deutorium lamps are rezpliito be properly aligned
before starting the equipment. After proper alignmand adjustment, standard
curves are prepared to ensure that the concemiraficthe element in solutions
perfectly relates to the absorbance.

Apparatus

e Centrifuge and 50 ml centrifuge tubes
e Automatic shaker
e Atomic Absorption Spectrophotometer

Reagents

e Ammonium acetate solution (NMBAc) 1.0 M: Dissolve 77.09 g of ammonium
acetate in 1 litre of distilled water and adjust joH¥.0.

e Glass-distilled acidified water of pH 2.5: Sameles given under Zn estimation.

e Standard molybdenum solution: Dissolve 0.15 g ofdMi@molybdenum trioxide)
in 100 ml 0.1M NaOH. Dilute to 1 litre to get 1Q@/ml Mo stock solution.
Dilute 10 ml of the standard to 100 ml to getylfdml Mo.

e Working standard solutions: Take 1, 2, 3, 4, 57 &nd 10 ml of 1Qug/ml Mo
standard solution and dilute each to 50 ml. This give 0.2, 0.4, 0.6,0.8, 1.0,
1.2, 1.4 and 2.Qg/ml Mo, respectively.

Procedure
1. Weigh accurately 5 g soil and transfer it into anfiGcentrifuge tube.

2. Add 33 ml of 1M ammonium acetate solution to thieetustopper and shake in a
mechanical shaker for 5 minutes.

119



Centrifuge at 2000 rpm for 5 minutes or until tpernatant is clear.

Decant the solution into a 100 ml volumetric flask.

Repeat steps 2-4.

Make-up the volume to 100 ml with ammonium acetate.

Atomise the working standards on atomic absorpspectrophotometer at a
wavelength of 313.5 nm. Prepare a standard curvienofvn concentration of

molybdenum by plotting the absorbance values onxi¥-against their respective
molybdenum concentration on X-axis.

8. Measure the absorbance of the soil sample extrattfiad out molybdenum

content in the soil from the standard curve.

Nouklw

Calculation :
Content of Mo in the sample (mg / kg)Gug / ml x 20 ( dilution factor ).
Where :

» C= Concentration of Mo in the sample, as read ftoenstandard curve for
the given absorbance;
»  Dilution factor = 20.0(soil sample taken = 5 g ametbme made to 100 ml ).

ii. Estimation by colorimetric method

Apparatus

Spectrophotometer
Hot plate
Refrigerator

Water bath

Reagents

e 50% potassium iodide solution: Dissolve 50 g in &l®f double-distilled water
(DDW).

e 50% ascorbic acid solution: Dissolve 50 g in 100mDDW.

e 10% sodium hydroxide solution: Dissolve 10 g of Ntai@ 100 ml of DDW.

e 10% thiourea solution: Dissolve 10 g in 100 ml @\ and filter. Prepare fresh
solution on the same day of use.

e Toluene-3, 4-dithiol solution (commonly called dith: Weigh 1.0 g of AR grade

melted dithiol (5 C) in a 250 ml glass beaker. Add 100 ml of the 10&©OH

solution and warm the content upto”®&l with frequent stirring for 15 minutes.

Add 1.8 ml of thioglycolic acid and store in a igérator.

10% tartaric acid: Dissolve 10 g in 100 ml of DDW.

Iso-amyl acetate.

Ethyl alcohol.

Ferrous ammonium sulphate solution: Dissolve 63 th® salt in about 500 ml of

DDW and then make the volume to one litre.

Nitric-perchloric acid mixture (4:1)

e Extracting reagent: Dissolve 24.9 g of AR grade amitnm oxalate and 12.6 g
oxalic acid in water and make the volume to ome.lit
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e Standard stock solution (1Q@/ml Mo): Dissolve 0.150 g of AR grade Me®
100 ml of 0.1M NaOH, make slightly acidic with dduHCI and make the volume
to 1 litre.

e Working standard solution (1g/ml Mo): Dilute 10 ml of the stock solution to 1
litre.

Procedure

1. Weigh 25 g of air-dry soil sample in a 500 ml cahiflask. Add 250 ml of the
extracting solution (1:10 ratio) and shake for bQrs.

2. Filter through Whatman No.50 filter paper. Coll260 ml of the clear filtrate in a
250 ml glass beaker and evaporate to dryness @iex bath.

3. Heat the contents in the beaker at 500in a furnace for 5 hours to destroy
organic matter and oxalates. Keep overnight.

4. Digest the contents with 5 ml of HN®ICIO, mixture (4:1), then with 10 ml of
4M H,SO, and HO», each time bringing to dryness.

5. Add 10 ml of 0.1M HCI and filter. Wash the filteaper,first with 10 ml of 0.1M
HCI and then with 10 ml dDDW until the volume of the filtrate is 100 ml.

6. Run a blank side by side (without soil).

7. Take 50 ml of the filtrate in 250 ml separatoryriefs and add 0.25 ml of ferrous
ammonium sulphate solution and 20 ml of DDW andkshagorously.

8. Add excess of potassium iodide (KI) solution aneaclthe liberated iodine by
adding ascorbic acid drop by drop while shakingxagsly.

9. Add one ml of tartaric acid and 2 ml of thiouredusion and shake vigorously.

10.Add 5 drops of dithiol solution and allow the misto stand for 30 minutes.

11.Add 10 ml of iso-amyl acetate and separate outctir@ents (green colour) in
colorimeter tubes/cuvettes.

12.Read the colour intensity at 680 nm (red filter).

13. Preparation of standard curve: Measure 0, 2, 513Gnd 20 ml of the working
standard Mo solution containing 1 mg/litre Mo irseries of 250 ml separatory
funnels. Proceed for colour development as deatritbmve for sample aliquots.
Read the colour intensity and prepare the standamde by plotting Mo
concentration against readings.

Calculation

Available Mo in soil (mg/g) = Ax @ 1_A

20C 25 2C

Where,
A = Mo concentration inug / ml as obtained on X-axis against a sampleingad

4.6.4Calibration of Soil test with crop response correition

The solil testing and soil fertility managementgreonmes have been given
adequate importance for sustaining crop productod balanced fertilization in
Indian Agriculture. Its implementation has gradygltogressed and met with varying
degree of success, depending upon areas and ewamdiag to the agency
responsible for implementing the programme. In itidal stages based upon the
simple fertilizer trials on farmers’ fields and pesse to fertilizer application, soil
fertility status was categorized into low, mediundahigh classes. The soil fertility
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management programme was strengthened with théngsettp of All India
Coordinated Research Project on Soil Test Crop étessp Correlation and the
Coordinated Research Project on MicronutrientsaitsSand Plants in 1967 and the
All India Coordinated Research Projects on longntéertilizer experiments in 1970.
The emphasis on fertilizer prescription for a whotepping system began by ICAR
in 1980s. These programmes were launched duringirtiiel period of green
revolution when need for higher amounts and sdieally assessed fertilizer use for
different crops and areas was recognized.

The soil-testing programme has remaide an improvement of soil
fertility evaluation activity in India . This has been the result of the work done by
several soil testing laboratories in developingatlie methods for available nutrients,
testing the suitability of these methods for makiedilizer use recommendation and
obtaining the predictable yield responses. Thefedility maps prepared by different
authors are indicative of the fertility status bktsoils and can thus be used for
planning the types of fertilizer use and levelsnoftrient required to be used in
general.Soil fertility maps, however, do not substitute foran individual soil
analysis based fertilizer use recommendation whichmay have to take into
account cropping system being followed by a farmerlevel of fertilizer use in
previous crops, and the management level of indivical farmers. Initially the
agronomic field experiments were carried out on ionadfertility soils. The rates of
fertilizers were either reduced or increased bya3B0% empirically for soils rated as
high or low respectively. Ramamurthy and Velayuti{d8i71) reported an increase in
the yield (11%) when the fertilizers were appliedé&d on these adjustments over the
general recommendation on fertilizer use madeStete.

Soil test based recommendations are often repadetb give response as stipulated.
The following are some of the reasons identifiedgoor correlation between the soll
test as estimated by the methods adopted in thetesting laboratories and crop
responses on a variety of soils.

l. The sample not being the true representative o$diildntended to be studied
for correlation.

Il. Improper selection of testing methods for differsois.

[l. Imperfect analysis of the samples

V. Heterogeneity in the soils used for correlation kvor

V. Heterogeneity in terms of crop management and agnanconditions.

VI. Nature of statistical functions chosen for corrielat

With the introduction of the fertilizer — resmive high-yielding varieties and
intensification of multiple cropping under expandedigation facilities, the
importance of balanced fertilizer use for increasgdp production was well
recognized by the Indian farmer. Since the fediiecommendations for crops based
on simple field trials did not give the expecteelgiresponse; a need arose for the
refinement of fertilizer prescription for varyingiktest values for economic crop
production. Against this background the followirgesific objectives were assigned
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to the ICAR’s All India Coordinated Research Pobjen Soil Test Crop Response
Correlation Studies which is operating at 17 cenitmethe country.

1. To establish relationships between soil test amg cesponse to fertilizers on
representative soils in different agro-climaticiceg of the country and from
the results so obtained, to provide a basis fdilifmr recommendations for
maximum profit per hectare.

2. To derive a basis for fertilizer recommendationsdesired yield targets suited
to the constraints of fertilizer availability andfedit facilities to the farmers.

3. To devise a basis for making fertilizer recommeiwatafor a whole cropping
system based on initial soil test values.

The scientific support of All IrediCoordinated Research Project for
obtaining soil test based crop response correlataia and also that from the Soils
Departments of Agricultural Universities have helpeaking the soil testing program
scientifically sound and more practicable in terofisgetting predictable yield and
thus helping the extension agencies in the Statesrfsuring fertilizer use according
to crop needs. However, the basis and criterisstahdardization is not being
adequately and fully communicated to the servit®iatories for their adoption. In
view of this, these laboratories, in many cases, fatlowing the old criteria of
classifying the soil nutrients into different clasderived from the field trials on local
varieties of crops and corresponding fertilizer edosvhich are often low. In the
changed situation where the crop varieties andlizert doses have undergone
significant change, the rating chart or the basfs nmaking fertilizer use
recommendations by the soil testing lab. needecnirghange to achieve the
objective. The Ministry of Agriculture had startéd support STCR Project to
compute the region wise/state wise latest basmaking fertilizer recommendations
from the data generated under the scheme. Followhisgy the STCR Project is
organising region wise training of soil testingfstnd also a National Conference
annually on solil testing to discuss such findingsl @isseminate the information
among the soil testing staff so as to improve tkkill. This has proved as a useful
exercise However, the STCR project should provide block / ditrict-wise ready
reckner as a basis for making recommendations by thsoil testing labs based on
the soil test values obtained after soil analysisylihe given method

4.6.5 Interpretation of soil test data and formulation of fertilizer
recommendations

Since the Liebig era ( 1803 — 1873) to the mid-t@eath century, many
methods and approaches have been tried to obtphecise or workable basis for
predicting the fertilizer requirements of crops. éxcess of a particular nutrient over
another nutrient, which is in short supply couldde the phenomenon of the Law of
Minimum ( Liebig) which states:

e If a particular element is deficient, plant growdhll be poor even

when all other nutrient elements are abundant.
¢ |If the deficient element is supplied, growth wiltrease.
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e Increasing the particular element may not be hélpéyond this point
as another element will be in short supply andtltime growth.

Some of the approaches followed for predictingférélizer requirement of the crops
include :
(i) Generalized recommendations;
(i)  Soil test rating and fertilizer adjustment (Muhag, 1965)
(i) Critical nutrient level in the soil or sufficiencyoncept
(Krishnamoorthy et al., 963).
(iv) Fertilizer Recommendation for targeted gige(Truog, 1960)
(v) Fertilizer recommendation for a crop seque(Ramamoorthy et
al.,1971)

It shows that the efforts to refine the recomnadimh are going on as a
continuous process.

|. Generalized recommendation

These recommendations are made by the States tfeér bi-annual
conference in association with the State AgricaltuUniversities. These are
generally made as a single recommendation for tiienState for a crop. This is too
general and does not include the properties oliddal soil sample and associated
agronomic and management factors of the individiaaimer and his financial
capability to purchase inputs.

Il. Soil Test Rating and Fertilizer Adjustment :

In this approach, soil test value for a particulatrient as obtained by a suitable
analytical method, is categorized as low / medibigh as per pre-determined rating
chart prepared through soil test crop correlatitudies carried out on the soil.
General fertilizer dose is reduced or increase@®yo 50% in case of high or low
fertility status soil sample.

[ll. Critical Nutrient level in the soil or sufficiency concept:

In this approach, soil test value, for a particulatrient, as obtained by a suitable
analytical method, is categorized as low/ mediugiiras per pre-determined rating
chart prepared through soil test crop correlatiodies carried out on the soil similar
in the physic-co-chemical and biological propertias the soil in question. The
fertilizer nutrient application is then recommendedthe given nutrient status of the
soil. For the lower nutrient status, higher doaed vice-versa are recommended.
For this approach, the rating chart and correspantirtilizer doses are required to
be continuously refined by STCR Project of ICARtlais is one of the objectives of
the project. This approach is most commonly foltdvin soil testing labs.
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IV. Fertilizer recommendation for a targeted yield

The STCR project is concentrating on this approahblth stipulates that the
farmer will target his yield and thus would needammendation for the targeted
crop yield. The view against this approach is thatfarmers generally do not target
the yield in advance but would use fertilizer adoog to their resources. Thus the
recommendation should be according to differerputiied levels of purchasing
power of farmers rather than farmer targeting theddyin advance. In the yield
targeting concept, the %age utilization of the sgaplfertilizer nutrient, and the
contribution of soil nutrient is worked out for nieg the crop need as per the
expected uptake of the nutrient by the crop ( asitgecomposition ) and for the
stipulated yield target.

V. Fertilizer recommendation for the crop sequence :

In this approach, efforts are made to assess thgreenent of nutrients for the
crop rotation as a whole rather than for a singbgc The assumptions become more
completed in predicting the nutrient requirement 268 crops at a time. The crop
rotation itself may not remain fixed. Also the memt uptake and requirement for the
succeeding crops may be greatly different from #ssumptions made due to
changing agro-climatic and seasonal changes fasuhsequent crops.

In simple terms, it can be stated that the resekaigoratories including the
soil-test-crop correlation project of ICAR are gamg out research work to establish
a relationship between the soil available nutriapplied nutrient ( through fertilizer /
organic manures, bio-fertilizer etc.) and crop oese. In this exercise, soil nutrient
is extracted through a particular chemical extrasictehere it is assumed that it has the
similar extraction capacity which the plant rootdl vnaave and thus nutrient so
extracted is assumed to be available to the craptplThe applied fertilizer nutrient
( Fertilizer / Manures ) also contributes to thepcup take upto a certain amount of
its content since whole of the applied nutrienhds possible to be absorbed by the
crop. Numerous factors which influence the sodnplroot environment such as
moisture level, pH, micro-biological status, presemf various elements including
beneficial and injurious to the crop, agronomic cgicees which influence the
physical, biological and even chemical environmenthe soil plant relationship
determine the extent of availability of both thd and applied plant nutrient.

It can be therefore, appreciated that the betterelation can be established
and only through a large number of coordinateddfiglals by the research labs to
formulate the recommendation for the fertilizer lggiion on a given soil for a
particular crop.

It may be noted that generally the percentagekepts# applied fertilizer
nutrient ( N,P,K) varies in different situationsfaows:-

Nitrogen - 30% to 60%
Phosphorus —10to 30%
Potash — 20 to 60%

Micronutrients Zinc — 2 to 5%
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The scope of improving the fertilizer use effiagns enormous. A perfect
soil test based fertilizer use recommendation gpli@ation of fertilizer nutrients in
optimum combination and required doses can enhtnecefficiency of fertilizer use
and thus the profitability of fertilizer use in p®

4.6.6. Preparation of soil fertility Maps, follow up and evaluation:

The individual soil test based fertilizer use recoemdations are followed by
the farmers. The data accumulated by the soihtg$ibs in each State can be made
use for preparing soil fertility maps. These mapsy be prepared by the central /
lead soil testing laboratory designated and equippeach State.

While preparing soil fertility maps Parker’'s ( 95method of preparing
nutrient index may be deployed as has been donatyus authors in the past and
explained in foregoing pages.

The maps may be prepared for :

(i) State as a whole by using soil analysis @atzumulated by all the labs in
the State. This map may be used for State lewainahg for fertilizer supply /
procurement in the State and other policy reladedés at the State level planning.

(ii) District level maps may be used for organgifertilizer supply to the
district. Block/village maps maybe used for recomdiag fertilizer use by the
farmers in the block/villageHowever, preference may be given to the village-vés
map for making fertilizer use recommendation. Themaps are not to substitute
individual soil test based recommendation for a famer. However, as stated
earlier, there is a big gap between soil testing pacity and the number of farm
holding, hence block/village level may be used fomaking fertilizer use
recommendation.

Taking various factors into consideration, it lh@gen generally agreed among
the scientists that the minimum number of the sarhples for a village / block level
map may beb00. Larger the number, better it is but the soil taptdapacity is a
limitation.
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CHAPTER 5
SOIL TEST FIELD KIT

5.1 Principles of operation of Soil Test Kit

Soil test kits are tools used for rapid)-tbe-spot, rough (approximate)
determination of chemical properties of soils ie field. They are semi-quantitative
devices in which the more elaborate laboratoryydital procedures of soil chemical
analyses are simplified for rapid use in the fielest kits are simple, quick and
convenient to use, which make them very desirabl@ aneans of diagnosing soil
nutrient problems in certain circumstances.

The basis for rapid chemical testing is the quialodmetric tests available
for the levels of nitrate, phosphorus and potassiusoil extracts. The colour change
is compared with calibrated reference colour chartstrips by observing with the
naked eye. The colour hue on the colour chartdbatsponds to or approximates the
colour-change of the sample indicates the rangautfient concentration in the
sample, i.e. very low, low, medium or high nutriéetels in soil. In some brands of
test kits, the ranges of nutrient concentratiorsgieited as very low, low, medium
and high are indicated numerically on the colowrtiSome brands, however, do not
give such an indication. In any case very low, lowedium and high nutrient levels
are interpreted as extremely deficient, deficidairly adequate and sufficient soil
nutrient status respectively.

To remove the subjectivity of test-kit visual coloeadings and thereby improve
reproducibility and accuracy, reflectometers haveerb developed by some
companies. This device replaces visual colour exaln with quantitative assessment
of colour change. The method combines the conveaier test-strip analysis with

the precision of quantitative measurement. It i m@ailable for pH, macronutrients,

micronutrients and some heavy metals in soils.

Field test kits do not replace good laboratory wsial of soil since they are less
accurate. However, their use becomes desirabler wedein situations.

5.2 Uses of field Test Kit

I. In lieu of a soil testing labAlthough a test kit is not an alternative to & sesting
laboratory, it can fill this gap where such a laiory is not available or not
accessible to farmers. The kit can be used as ghrguide until a soil testing
laboratory is available, functional and accessihléhe area. A soil management
recommendation arising from test kit results is eigr to a blanket
recommendation.

ii. To survey large areas quickl very large area, e.g. a province or a regiam, foe
surveyed for its soil nutrient status within a tielely short period.

For example, selected area can be subjected t& gaittests using several teams

of surveyors. Through this exercise, valuable imfation will be obtained about
individual fields; in addition the overall pictuif the soil nutrient status of the
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entire area will emerge. This gives the agricultwarker or the farmer an idea of
the fertility need of the area.

iii. To verify suspected fertility symptam&hen an apparent deficiency symptom
appears on a plant in the field, a soil test wittest kit can be made to ascertain
quickly whether or not it is the suspected deficien

iv. To call attention to the need for laboratory saéts Test kits can be used quickly
to determine whether a plant nutrient is deficiergry low to medium range), or
adequate (medium to high range), in soil. If foureficient, the farmer is then
advised to get the soil tested in a soil testimgptatory for accurate soil test values
and soil management recommendations (In Quick [zertiTesting Kit, a similar
approach is suggested).

v. To supplement routine soil testing test kit can be used as a monitoring tool to
check if a fertilizer recommendation is adequatd appropriate for a particular
field. Extension officers can follow up on the reaoendations with field tests. If
the recommended level does not give the expect=sirétl) plant growth and plant-
tissue nutrient status, it could be because thendardid not follow the
recommendation or that the recommendation was baseah inaccurate soil-test
result from the soil testing laboratory. Anotheil sampling and laboratory test
may be suggested following the test-kit evaluation.

vi. To follow nutrient uptake in research fieldéreatment plots of field calibration
studies can be checked to monitor if and when tbescare taking up nutrients.
This information can enhance the understanding laaldnced interpretation of
results of the studies. For example it can indidhte most active nutrient-uptake
stage of crop growth when it is important to enderélizer nutrient availability at
the root surface.

5.3 Advantages of Soil Testing Kits

i. It is simple, quick and convenient to use. At fies N, P and K can be completed in
less than five minutes once the sample has beésctad. It is convenient because
the kit is contained in a small box (pocket labongt which can easily be carried to
even the most remote rural field locations.

ii.It is much cheaper than laboratory testing ities; therefore it is available for the
use of farmers.

iii.The test can be carried out on the spot wheesproblem exists and the facts and
conditions related to the problem are fresh in mihlde field testing provides the
kit user with immediate answers to nutrient proldem

iv. It cuts down on the cost of time, transportatamnd materials that may be needed
to carry soil samples to the laboratory for analysi

v. It provides a much better guide than blanketlfaer recommendations that may

be adopted in the absence of a functional and sitdessoil testing laboratory. It
can be used as a rough guide until soil testingritbry facilities are available.

128



vi. It enables the literate and enlightened farntersonduct their own on-the-spot
analysis and interpretation of the test result auththe assistance of an official
extension agent. This is very important in Indiaevehthe ratio of extension worker
to farmer population is very low.

5.4 Limitations of field Test Kits

The following limitations of field test kits mustkborne in mind when using the kits
and interpreting the test results.

I. The results obtained are less accurate tharrdédny test results because they are
deduced by visual colour observations. The resulistherefore be influenced by
the sharpness of the eye (visibility) of individsialonducting the test. The recent
development of reflectometery for colour strip gs& has, however, removed the
subjectivity of visual colour evaluation.

ii. Analysis of Trace and secondary elements ateaonsidered in most brands of test
kits.

iii. Guidelines for interpretation of test resuitssome brands of kit do not state the
nutrient quantities represented by qualitative ¢dpsive) statements of levels such
as "low fertility" or "high fertility", based on éid calibration of soils in a given
climatic region.

iv. Phosphate reagents of most test kits go bavanfonths after preparation. Yet it
takes quite some time for Kits to arrive after o from the source. Besides, most
kits can do only 50 soil samples at a time with pihevided solutions / reagents.
Refills have to be continually ordered and this nsethat the user must depend on,
and constantly be in contact with the manufacturer.

v. Mixing and subsampling moist soil in the fieldnchardly achieve satisfactory
representative sampling. It is even more diffieuth very clayey soils.

5.5 Soil Sampling and Preparation for Field Testing

Soil sampling for field testing follows the sam@@edure as sampling for laboratory
testing (see section on Soil sampling). Accuragpresentative sampling is as
essential here as sampling for a regular routiild¢esiing programme.

Sample preparation for field tests requires morepee and thoroughness on the
field than is normally required in a regular roetisoil testing programme. Since the
soil sample will not undergo the process of dryiggnding and sieving, hence,

thorough mixing of the freshly collected samplémperative. A clean plastic bucket
is used to collect the composite sample that is theroughly mixed by hand before
sub-sampling for field testing. As satisfactory mgof undried fresh soil samples is
difficult; but it is possible if carefully done, pscially when one realizes the
implications of testing non representative subsamfter careful representative
sampling of the field. A part of the fresh soil gadenis taken to laboratory to

determine water loss on drying i.e. moisture cantenan air-dried basis. This may
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be used to correct the field-test results to malkent comparable to both laboratory
analysis and other field-test values.

5.6 Testing of the sample

First Quick Soil Testing Kit was developed by IARI early sixties. Following
which, many Agricultural Universities /Scientificq@éipment manufacturers have
developed soil testing kits having their own staddaBasic principle of estimation is
same as in a given quantitative chemical analydishe estimations are qualitative in
nature and often based on colour development, whielkpected to be corresponding
to the quantity of the nutrient in question andasnpared visually with the standard
so fixed and not instrumentally estimated. Henqeclitative in nature.

Quick Testing Kit, however, could not become popiathe country. During 1980,
ICAR had taken up a scheme of training un-employaath on the use of kits and
then providing them with kits to test soils frommrfeer’s field on nominal charges and
advise the farmers about fertilizer use. The schdimenot become popular and was
discontinued. Solil testing kit, however, is usefaf a broad assessment of soll
nutrient at a low cost. Progressive farmers antillifer dealers can make use of the
kits.
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CHAPER 6
MOBILE SOIL TESTING LABORATORY ( VAN)

6.1 Aims, objectives and its operation in the field

Soil Testing Service was initiated in India durirf55-56 with the
establishment of 16 soil testing labs under theodo& Operational Agreement for
Determination of Soil Fertility and Fertilizer Us@he programme has been gradually
expanded with a setting up of more of soil testadgpratories. Since the stationary
labs can not have direct contact with the farmiesgas felt, in the initial stages of the
programme, to set up mobile soil testing labs asothat the samples could be
collected and analysed on the spot in presencarofers. The programme is being
expanded and at present, there are 120 mobileidati® country. The mobile soill
testing laboratories are similar to the statiorlaboratories with regard to staff, type
of equipment, facilities and the testing methodssil. The facilities of testing are
mounted on a Mobile van suitably fabricated to leotlee equipment and facilities.
The vans are also provided with the audio-visuailifees so as to address the farmers
and show them films related to the agriculturaledlepment including fertilizer use
etc. The films on sample collection and fertilimse methods etc. are also shown.

The mobile labs are taken to the desired arempts are collected from the
fields by associating the farmers with the sampléection. The analysis is carried
out in the village by locating the van at a suigakite. Recommendations are handed
over to the farmers personally in the village amedads are also explained to them.
Stationary labs often suffer from the lack of autiwty of the sample received but
the mobile labs staff collect the sample themselard thus assured of greater
accuracy and authenticity of the sample.

In principle, mobile labs have greater advantageemg in direct contact with
the farmers than the stationary labs but in agbwattice, it is seen that the mobile
vans/ labs run into operational problem more paldidy with regard to the
following:-

0] Size of the fabricated van ( vehicle) is rathegdareing 740 cm(L) X 244
cm (W) X 295 cm(H), which gets into operational lpgeom while running
on small / kuccha roads in the interior of theagks in the remote areas.

(i) The vehicle requires frequent repairs.

(i) It is also observed that in some cases, it is beisgd as a means of
transport only. Thus the mobile labs gets intaisks

(iv)  Smaller vehicles can not be alternative since gelmumber of equipment,
facilities and movable working labs etc. are reegito be taken in the van
apart form providing the space for the staff of 8.

(v) Though provision is made to house the equiyinmea secured manner in
the van, still equipment get damaged / go out deomwhile the vehicle
runs on uneven and kuccha roads. Many equipmeatsie@icate hence
cannot withstand the jerks when the vehicle movdswever, in spite of
the shortcomings, the advantage of analysing theks on the spot and
making recommendations personally to the farmersfways the
shortcomings mentioned above. Hence, on balancantbe said that
mobile labs are to be continued.
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6.2 Design of a mobile van

Pre-fabricated mobile vans are suppliedHgy fabricators in the country to be
used as mobile labs after furnishing and provigiggipment. However, a plan of the

mobile van along with its compartments for houseguipment and facilities is
described below:-

A typical mobile soil testing laboratory is builp on a chassis having 4225
mm (165 inches ) wheel base, full forward contraghviace grill, front and rear shock
absorbers, auxiliary rear springs.

The body of a typical mobile van can be dividet itwwo compartments:

Q) Passenger compartment — to accommodate seven tiatyora
staff and Driver during transit.

(2) Laboratory compartment with full laboratory fixtgreand
furnishing.

The total outside dimension of the body may beo#ie\fis :
Length . 740 cm
Width . 244 cm
Height (from ground ) : 295cm

The passenger compartment has to have inside diomeas follows:

Length : 215cm
Width : 226 cm
Height : 190 cm

The laboratory compartment has to have inside dsweras follows :

Length . 485 cm
Width : 230 cm
Height : 190 cm.

Besides the above, there are five compartmentsicéabd below the
chassis. Out of these, two compartments are osaime side as the petrol tank. The
longer of the two compartments is meant to be @isedarrying the canvas tents with
accessories and the shorter compartment is meéet tsed for carrying folding steel
furnitures. The three compartments on the sideydvean the petrol tank have been
designed to carry sulphuric acid jars, petrol, kate and the portable folding sinks
with stands.

In the passenger compartment, the seats for #sepgers are to be built over
suitably designed compartments fabricated with W85SM.S. sheets. These seats are
hinged to serve as lids of these fabricated compants for safe-keeping of cooking
utensils and other accessories for use of the fiafty during stay in camps.
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Two wooden boxes may be provided in the passengmpartment for
fixing the battery and carrying petromax and hamie lanterns.

The laboratory compartment may have the followiatpds:

1.

2.

Rear door ( double ) with handle and lock. Re#hlet steps are
provided outside this door.

Two service doors. One on each side with towetsbiokide, handle
and lock outside.

Windows with sliding safety glass panes and insideking
arrangements and net curtains — three on each side.

Work benches : One on each side built in with tbdybhaving length
— 485 cm, width — 60 cm. and height — 90 cm. Thesgk benches
have below them specially designed compartmentshéarsing the
scientific instruments, glasswares and audio-viguipments with
suitable shock-absorbing lining and packing makeridhe portions of
the work benches above the service doors do na bampartments,
in order to facilitate free movements of standgnaitals or extractants
from inside to outside and vice-versa according tlas various
extraction procedures and filtration are beingiedrout. These void
portions of the working benches are suitably reitéd with angle iron
pieces for mounting the shaking machine on one aidka portable
air-compressor and a voltage stabilizer on therothe

Two fans are provided to the laboratory portiorthad van at the rear
wall and an exhaust fan is fitted on the partiti@tween the passenger
compartment and the laboratory compartment.

Four tube lights 40 watts 24" long are fitted tce theiling of the
laboratory compartment with detachable plexiglasgec.

Other electrical fittings: Three pin plug pointsthvswitch:

5 Amp. — 6 ( 3 on each side just above work bemminected through
voltage stabilizer ).15 Amp. — 3 ( to operate shgkmachine and
compressor and centrifuge )

Main switch with 5 Amp. Fuge — one

Main switch with 15 Amp. Fuge — one.

A rack of 197 cm length and 22 cm width is provigest below the
roof for housing of the Projector screen, made of Jaluminium
angles and expanded metal base provided with cérelaand buckle
for tying the screen.

Besides the above, eight boxes nudieak boards 1 3% ” thick may be
provided. Four of these may have the following elisions:

Length ..100 cm.
Width ...66 cm.
Height ..57 cm.

and the other four have the dimensions as :
Length ..100 cm.

Width ..66 cm.

Height ..37 cm
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These boxes have to have arrangementadmping when the smaller ones are
placed above the bigger ones so that they formglesrigid unit during transit.

There is a soil sample storage box of the followdimgensions:
Length ..75 cm
Width ..68 cm.
Height ..76 cm.

For carrying acid jars and kerosene gettol, two foam rubber padded
wooden boxes made of 1 % " thick teak boards eveiged.

In view of limited working space insidiee laboratory portion of the van,
provision is made for a sheltered space coverathhyas on one side of the van away
from the petrol tank. This space is used for kegphe wooden boxes when the van
is vacated and these boxes serve partially theogerpf laboratory working table for
filtration etc. This has been considered necessarproviding more working space
so that the daily targets of analysis can be easihyeved.

6.3 Staff requirement of the Mobile Soil Testing laboratory

In order to make the mobile soil testing labora®reffective and to make
them function at their maximum efficiency the waqoéttern for the handling of the
soil samples must be well organised. Adequateedincient staff forms the basis of
such well organized work pattern. The staff reguient for a mobile soil testing
laboratory having a sample analysis capacity 000®,soil samples per year is as
follows :-

SI.No. Particulars Number| Qualifications required

1. Asstt. Soil Chemist One M.Sc.( Soil Science /
Agri..Chemistry ) or B.Sc.(Ag.)
Chemistry with 5 years experienge
in soil testing / soil survey

/ fertilizer testing

2. Analytical Assistants | Three B.Sc(Ag.) /Chemistiith 3 years
experience in soil testing / soil
survey / fertilizer testing

3. Laboratory Attendants Two High School Pass

4. Projector-Operator- | One Trained in the relevant line
cum- Typist

5. Driver One With proper licence
Total Eight

A mobile laboratory with recommended nemtof staff can collect and
analysis at least 50 soil samples in an averagkimgpday of seven hours, including
the time required for making out the fertilizersemamendations. The mobile
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laboratory can operate in the field for a periogiafmonths in a year, handling a total
of 5,000 soil samples. The staff is also requicedhow films on sample collection /
analysis and also other fertilizer use and pronmotispects. During the remaining
part of the year, it can be stationed for work ribarstandard stationary laboratory, to
which it is attached and in this way can analysisdditional 5,000 soil samples per
year.

To avoid hardship to any one set of staff by hgum stay out in the field for
long periods, it is suggested that the staff apgpdifior the mobile laboratory and the
staff in the standard stationary laboratory, bateat periodically.

The sampling methods, processing the sampleshaidanalysis is done by
the same procedures and methods as described én ofastationary laboratory
( Chapter 4). Preparation of analysing report and framingefommendations is
also done in the identical manner as in case tbetay lab.

6.4. Details of required facilities

The following details are provided Ahnexure-14
0] Required equipment for different estimation.
(i) Required chemical reagents and glass wares
(i)  Supporting scientific equipment.

(iv)  Polyethylene, porcelain and wooden items
(v) Miscellaneous and audio visual aid.
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CHAPTER 7

GENERAL OBSERVATIONS

7.1.Shortcomings in the soil testing programme

(i) Sample collection is not often very represéméaof the field intended to be given

(ii)

(iif)

(iv)
v)

(vi)

(vii)

10.

7.2

recommendation for fertilizer use. Farmer is oftent involved in the sample
collection. Thus he does not appreciate the inapoe, value and content of
fertilizer use recommendations and does not foilof@r various other reasons
also.

Analysis reports / recommendations are noenead by the farmers in advance
for purchasing fertilizers. There is a big timg lzetween sample collection and
receipt of report.

Laboratory equipment are often not calibratéthere is no system of inter-intra
lab soil analysis check, hence, accuracy of amalgsnot ascertained and soil
analysis often may not be accurate, thus recomntiendarising out of such an
analysis is not expected to be sound.

The Incharge of the labs, many a times aré¢,sod scientists. Hence analysis
and interpretation of results do not have adequatenical input.

Quantity of the chemicals are often not suppliéccording to the sample
analysing capacity while the labs are expectedddkvas per the target set for
the year. This situation results in poor qualitywadrk or under utilization of
already existing low capacity.

There is no system of regular / periodicalrinag of the lab staff, thus, the staff
does not remain in touch with the latest availagaipment / method of testing
and formulating recommendation etc.

Soil Testing Service is free of any fee/ opaiin most of the States. Only some
States are charging nominal fee which does not foallthe seriousness of
farmers, hence, their involvement in the progransmet much.

Soil Testing labs do not get the feedback on thécome of their
recommendations and have no chance of improving adifying the
recommendation based on the outcome of variougmemmdations made in the
past.

The initial system of attaching an agronomisthwihe soil testing labs, to
maintain a linkage with the labs and the farmeemsure implementation of
recommendation has been discontinued.

Most important aspect is the use of ‘oéding chart’ by many labs to classify
samples into different categories of nutrient Hatfhis aspect is most
important requiring special attention of ICAR/ST®Roject/State Governments
to ensure that the rating charts provided to tHmratories are updated on
priority basis.

Suggested remedial measures for improvement iheé programme

(i) Lab Management:

(a) Each state may identify one better equippedpmaperly staffed laboratory in

the State to be designated aseatral lab/lead lab This lab may maintain a
working liaison with the Department of Soils in owé the agricultural
universities in the State. This laboratory mayused as a training place for
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the technicians of the soil testing labs with teehnical support from the
university. This laboratory may work out a systeiniGheck Sample’ with the
University lab to check and ensure that the cajgléind the practice of
sample analysis is adequate in the soil testing. laPeriodically ( annually )
the university lab may check the analysis of 10600" and 1008 sample

in each of the laboratories in the State and reeocértificate in this aspect.
Adequate financial support may be given for such amalysis to the
University lab.

(b) Equipment of the central lab may be periodycallibrated /got checked with
the help and involvement of a soil scientist frdre uiniversity. Such checks
may be recorded. An arrangement may be worked @itvden State
Agriculture Department and the Universities to iifgra Senior Soil Scientist
in the Universities who may work as a Coordinato€dunterpart to the
Incharge of Lead Soil Testing Laboratories. Equipta the other labs may
be checked by the Incharge of the central soilrgs$ab.

(c) Automation of analysis may be introduced in @entral Lall Annexure-6B)

(d) Equipment, chemicals, glassware and other ntésmous lab items may be
maintained as per the analysing capacity of the.lakist of equipment,
chemicals and glassware required for a soil tedabghaving a capacity to
analyse 10,000 soil samples and 200 water samplesr /is given at
Annexure-6.

(i) Man Power: Each laboratory may be provided with the requistalff,
according to its capacity. Each laboratory mayhbaded by a technical person
having M.Sc.  ( Soil Science & Agri. Chemistrgg an essential qualification or
B.Sc.(Ag.) with a minimum of 5 years experiencevoirking in soil testing / soil
Survey / fertilizer testing labThere should be no relaxation in this stipulation
so that the technical flaw in the programme is remved At least new labs
being set up with the central assistance may adigetkis requirement to start
with, without exception or relaxation or else da siart a lab.

Requirement of staff in a soil testing ladving a capacity of analysing
10,000 soil samples / 200 water samples per yedrtlaat for a central/lead
laboratory is given iPAnnexure-2. It may be noted that the incharge of the
central lab may be at the level of Joint DirectbAgriculture in the State and at
least 8 years of experience in the field of reqlispecialization.

(i) Training :

(@) Central lab may organize a 3 days annual oriemtat@ining
of technician during lean period of sample analysisk in the
laboratory.

(b) Orientation training of ‘lab incharge’ may be orgaad once in
a year for a period of 3 days in the agriculturaarsity.

(c) Incharge of the central lab may participate in khearif/ rabi
Conferences being organized by States to formulatéous
recommendations relating to input use / crop vaeét.

137



(iv) Sample Collection : Special care may be taken for collection of
representative soil samples as outlined in par2 4.8uthenticity of the samples
has to be ensured at all levels — starting frontectbn stage to its storage in the
lab even after analysis.

(v) Timely communication of report : Since the reports are often not received in
time by the farmers, when sent through usual paststem, a system of online
communication of reports may be started by whi@hgil testing laboratory may
send the report to the Block Development Officgr BDO) to at least cut the
postal delays. The farmers often visit BDO’s @#fifor various other activities
and may be able to collect reports. This howelssr presupposes that all the soil
testing laboratories are provided with computeilifaas. Keeping the cost in
mind, the system of on-line communication reports/rhe started in the selected
laboratories initially and then to cover all theda

(vi) Feedback on recommendation The laboratories may be kept informed on
the outcome of the recommendations made by therentifizer use at least on
representative and typical case by case basiswbeare the recommendation has
given as expected / better than expected resultsvaere it has not given results
as expected.

(vii) Assign a post of Agronomisiat the level of Deputy Director of Agriculture
in the State to the Central laboratory. This @ffievill ensure an effective and
live linkage between the field and the laboratory.

(viii) Adoption of village by the lah

To start with, each lab may adopt at least onehyeaillage from where
samples may be collected by the laboratory stadf @ommendations are also
communicated / handed over directly by the laboyastaff to the farmers and to
follow the outcome of the programme. Each lab @ up one village as a
mission to see the utility of the programme bylitaad find out shortcomings so
that the whole programme can be improved on thdasbaeb such direct
observation / study. Presently, the labs arealitercut off from the field and
work in isolation of the whole programme.

(ix) Charging Testing Fee :All the states may start a system of charging a fee
for sample analysis. Some States are already icigatige fee which varies from
Rs.5/- per sample to Rs.10/- per sample. Chargireg fee will bring an
accountability on the part of the lab to make ansbtecommendation because
farmers will participate in sample collection orlaast will know that a sample
has been collected and will be expected to appeediee value of the report
received on the basis of some cost borne by thdmy Will start asking the
question if report is not received in time or is hound to be useful when the
recommendation is followed as advised by the |&harging the fee will also
help the states to supplement the requirement mdsflby the laboratories. A
minimum fee of Rs.20 per sample analysis may begelta Estimated cost of
analysis of a sample is approximately Rs.80 forsptal parameters + NPK
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analysis while with the micronutrients it would akout Rs100 ( Only chemicals
and 20% of glass breakages are considered asffihet cost for this purpose).

(x) Improvement in Rating Chart : A very critical aspect of the programme is to
improve and update area wise categorization of reatitient content into different
classes such as low, medium and high or into langember of categories such as,
very low, low, medium, high and very high etc., drabed on these categories, make
fertilizer recommendation for the given soil / crophis categorization is based on
soil test crop correlation studies being carried oyt STCR programme of ICAR.
The STCR is expected to provide the criteria prefeably at block level and
districts level. A single basis for the state as a whole has ef llitnitations.

The geographical boundaries of a block / districtynrmot necessarily correspond
exactly to the soil type based agro ecological saastadied by STCR , hence the
recommendations may be applicable to more tharmoekbl Therefore, laboratory-
wise ready- reckner rating chart may be prepamckdabs are also generally district-
wise.

(xi) Soil Fertility maps:

Latest National level maps were prepared in Map22for N,P and K status of state-
wise soil fertility. These maps were based on altof 3.67 million soil samples
analysed by the laboratories in States during 119898. Nearly 10 years have passed
and it is expected that the appreciable changeshaag occurred in the soil fertility
to require updating of these maps. The ICAR hasesbeen assigned the task for
preparing National level/ State-wise soil fertililgaps. State-wise/ district-wise /
block-wise and if possible village-wise map mayade prepared by the lead / central
laboratory in the States, based on the soil aralysne in the respective State soil
testing laboratories. The village-wise maps mayptepared if the number of soil
samples is at least 500 representing a given awvédiade. For this, the formula as
given by Parker (1951) and adopted by Indian sisenitas explained in the foregoing
pages may be followed.

(xii) Soil Test based fertilizer use demonstrations madrried out since a large
number of farmers are still not aware about theebtnof the soil test based and
balanced fertiliser use recommendations.

(xiii) Strategies to use limited soil analysis facility fitfully:

(@)  As per existing practice, analyse allgamples sent directly by the farmers, on
a priority basis and make fertilizer use recomménda. Ensure that all such
recommendations reach the farmers before sowingdgetarts. Follow up these
recommendation and keep a record of success oétloenmendation.

(b) Start the practice of takingcdmposite samples by the extension agencies.
Composite samples may represent farms / fieldsnigalroadly similar landscape,
soil type, crop, management and the yield goals@tdy one representative sample
may be collected from such farms which may repreaararea of 20 to 50 hectares
comprising 10 to 20 farms or even more, all of theaving one recommendation
based on a composite sample collected and analys@dthese farms. While doing
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so, if some piece of land is visually seen to beatly different from the adjoining
fields, such fields may be sampled separately amgl not be made a part of the
Composite-sample. The system of composite saipéa analysis may be made a
focus of the programme along with samples beingctly received from the farmers.

(c) Fertilizers may be used with the help oftlfigr maps:

There is no substitute to making recommendatioreémh and every farm separately.
This will, however, never be possible in foreseealblture for reasons of
practicability and requirement of funds. Nearlypally meaningful recommendation,
as could be based on a farmer specific soil arglysr fertilizer use is possible if
village-wise/block-wise fertility maps are preparedsed on properly collected soil
samples and accurately analysed by the laboratoAagasonable assumption has to
be made that broadly the similar looking soil hgvidentical vegetation, topography
and management etc., on a fairly large area, andasiin broad fertility status. In
contrast to this, such farms in the village whicé eonspicuously different from one
another may be sampled separately and analysed arasely for making
recommendation because their fertility level iseotpd to be different. The fertilizer
use recommendation if made village-wise, combindti ¥he recommendations for
individual farms, where individual samples were lgsed, will be a practical
approach to use fertilizers scientifically, keepingview, the limitations of available
facilities.

The state level recommendations made for a croghi®rstate as a whole may be
replaced by above approach.

(xiv) To Improve the quality of analysis / recommendations

It is meaningful to set up more laboratories, butrenthan that, it is important to
improve the quality of many of the existing labsttbin terms of providing modern
equipment, qualified staff and by organizing peigatitrainings for them. This will
help the laboratories to improve the quality of teeommendations which will in
turn increase the faith of farmers in soil testdshiecommendations.

Funds not being unlimited, if priority is giventtoe improvement of the existing labs,
it will be money better spent than continuing wille poor / inadequately furnished
labs having unqualified or untrained staff or pessavith unrelated qualifications
from where often technically unsound and delayedmemendations are made, as per
often received comments on the existing programme

7.3 Farmers’ acceptance of soil testing service:

The general impression about soil testing is thét a rapid and not too accurate a
method of assessing the plant food elements teadeficient in a soil and that if one

applies these deficient elements, good yields ateimed. A close study will reveal

that accurate soil testing is a complex set ofrdifie procedures involving accurate

analytical methods. Each recommendation basedsmil #¢est takes into account the
values obtained by these accurate analyses, rbsear conducted on the crop in

the particular soil, areas and the managementipeaadf concerned farmers. The soil
test with the resulting fertilizer recommendatisn therefore, actual connecting link
between agronomic research and its practical egipic to the farmers’ field.
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However, soil testing is not an end in itself.dta means to an end. A farmer who
follows only the soil test recommendation may netessarily be assured of a good
crop yields as they are also the result of appticabf other sound management
practices, such as proper tillage, efficient wateanagement, good seed and adequate
plant protection measureSoil testing is essential, however, as the firstep in
obtaining high yields and maximum returns from the money invested in
fertilisers. The awareness of the farmers about the bendfisoib testing is too
inadequate. In terms of samples received in ther&ories only 8-10 % of the
samples are sent directly by the farmers for amalysAs per the High Powered
Committee on Fertilizers Consumption (1987) onl§46% samples were received in
the laboratories directly from the farmers. Spkeiforts are required to bring about
farmers’ awareness and make the programme a famesited activity.

7.4 Role of Extension Workers in Soil Testing and Stcess of the Programme

Soil analysis and fertilizer recommendation is oalpart of the soil testing
service. To a good measure, the efficiency of #rgise depends upon the care and
efforts put forth by extension workers and the farsnin collection and despatch of
the samples to the laboratories and obtaining teponely. Its effectiveness also
depends upon the proper follow up in conveyingrdemmmendations to the farmers,
including the actual use of fertilizer accordingtb@ recommendations. The role of
extension service, soil chemists and the agroneririghe field is important.

The published data have established a superiofitysodl test based fertilizer
recommendation beyond any shade of doubt over gkseat recommendations made
by the states. It is ironical that inspite of theyen benefits of the soil testing service
for the farmers, the service is suffering both fregohnological aspect and due to
inadequate and untrained manpower. Weakness opribgramme in its various
aspects as discussed above needs improvement.

7.5 Soil Health Cards

The soil test data are made use for making fegtilizse recommendation by
the soil testing laboratories. These data are @deal for preparation of soil fertility
maps. The soil analysis basically aims at assg$lsefertility status of the soil. This
information along with the additional informatiom dhe farmer's land may be
presented to the farmers in the form of soil headttds. The additional information
may relate to the relevant revenue record of fasrfexld. The soil health card so
issued to the farmers may be periodically updatedssthe farmers are aware about
the changing fertility status of their land. Therd may also be useful to the farmers
in getting loans for agriculture purposes wherecagfural value of the land may be
one of the factors. A format of soil health cascatAnnexure -13. The states may
make suitable modification to the aspects which tmayelevant to a specific state.

7.6. Government Policy on soil testing and financialigpport

It is well recognized that the sosttbased fertilizer use, results in balanced,
efficient and profitable fertilizer use. Soil tewi programme is, therefore, being
supported by Govt. of India through different plagriods and have also advised the
states to provide support to this activity, fromeito time.
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The Union Ministry of Agriculture haskt-up mobile vans during 1970s,
provided Atomic Absorption Spectrophotometers dyrik®80s, gave financial aid
during i plan for strengthening some of the existing latxd @so to set up new labs.
Support was given for organising training of thdl gesting staff under macro
management scheme throughout the country durin@-299 During XI Plan, the
Union Ministry is providing a substantial suppod set up new soil testing
laboratories, mobile soil testing vans and to gjtieen the existing laboratories.
Funding pattern is ginnexure-1.

Governments’ recent policy change on fertilizer sdp w.e.f. 01.04.2010,
stipulates that fertilizers subsidy will be workedt on the basis of their nutrient
content. This would ensure that special attent®rmpaid on the individual soil
nutrient deficiency and application of fertilizesa the basis of such deficit nutrient.
It would further require the formulation of fertiér products according to the needs
of nutrients in a given soil / crop. This would pessible only when the soil testing
labs are in a position to give information on suitrient deficiencies on smaller area
basis, say village-wise, if not on individual famsebasis. This will further
emphasise on the need of strengthening the sdithdgeservice in the country both in
guality and capacity. In the new policy of givingtrient based fertilizer subsidy, a
specific emphasis on ‘Nutrient’ will focus on natni-wise soil deficiency and the
production and promotion of fertilizers according the need of such deficient
nutrient. This will call for greater attention @he use of soil nutrient deficiency
based fertilizers. However, this policy will ensuhat no fertilizer gets less or more
emphasis than the other due to any consideratioh as, production technology or
use of raw material and thus, on the basis of obgtroduction etc. It will ensure
uniformity of subsidy in all types of fertilizers.

Type of soil and crop are two most important fagtahich govern the need for
type and amounts of nutrient required in a givesaarHence, apart from soil testing,
priority may be given to the type of crops. A stydChanda, 2008 ) on fertilizer use
by various crops reveals that food crops consunié @Rthe total fertilizer nutrients
used in the country. The crop-wise fertilizer issas under :-

S.No. | Name of the Crop | % of total fertilizer consurad
1. Paddy 37
2. Wheat 24
3. Coarse Cereals 8
4, Pulses 3
Total 72
5. Oil Seeds 9
6. Fruits 2
7. Sugarcane 5
8. Vegetables 4
9. Cotton 3
10. Others 5
Total 28
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Individual farmer and individual crop may contintaebe given attention but from
the overall perspective, paddy and wheat contioulbet dominant crops consuming
over 60% of the total fertilizers used in a countrilence, to reduce the fertilizer

subsidy, special attention of improving the fergl use efficiency may be given to
these crops.

If the fertilizer industry will venture to produ@nd promote the products on the
basis of requirement of specific soil nutrient digfincy, the industry will have to get
into the soil testing programme in a big way andegate such information as a
measure of good supplement to soil testing programasically being run by the
Government. The fertilizer industry may adopt edsit one district in a State and
ensure and monitor that the fertilizer in the addptlistrict is used on the basis of
plant nutrient deficiency as determined throughusate soil testing.
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CHAPTER 8
WATER ANALYSIS

Irrigation water, irrespective of its source, alwagontains some soluble salts. The
suitability of waters for a specific purpose depemgbon the types and amounts of
dissolved salts. Some of the dissolved salts oerationstituents may be useful for
crops but the quality or suitability of waters fiorigation purposes is assessed in
terms of the presence of undesirable constituemdsoaly in a limited situations, the

irrigation waters is judged as a source of plantieats. Some of the dissolved ions
such as N@are useful for crops.

The limits of purity established for drinking watevater to be used for
industrial purposes and for agriculture are diffierét may, therefore, be possible that
a water which is not good for drinking and indudtiise, may be quite suitable for
irrigation. This publication deals with irrigatiowaters only. The most important
characteristic that determine the quality of irtiga waters are:

1. pH

2. Total concentration of soluble salts judged throafgttrical conductivity (EC).

3. Relative proportion of sodium to other cations sashCa and Mg referred as
Sodium Adsorption Ratio (SAR).

4. Concentration of boron or other elements that netokic to plants

5. Concentration of carbonates and bi-carbonate aserklto the concentration of
calcium plus magnesium referred as Residual So@larbonate (RSC).

6. Content of anions such as chloride, sulphate atnat®i

The analytical data on the above parameters @& tosdescribe the quality of
irrigation water taking standards fixed for eachexs as an index.

Some waters coming from industries as effluentsdomestic waste water as
sewage may contain some specific plant nutriergs. alhese waters may be useful
for irrigation of field crops if assessed for tdyiollutant metals, and organic and
microbial constituents with regard to their suitéypior otherwise. Determination of
organic constituents is generally carried out untlgo categories: i) organic
substances which quantify an aggregate amountgainae carbon, and ii) individual
or specific organic substances such as benzene, B@thane, phenol, endosulfan,
etc. Important determinations are the chemical erydemand (COD) which gives
the total organic substances and the bio-chemigajen demand (BOD) which gives
the amount of total biodegradable organic substimcthe water sample.

To keep the scope of this publication tailored &rv&e laboratories, only
parameters of practical utility to judge the quatift commonly used irrigation waters
are described. Thus, the aspects pertaining togbeof effluents and sewage waters
have not been covered. Similarly, the aspect odssésg water as a carrier of plant
nutrients also has not been covered.
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8.1 Important indices of practical utility to judge ir rigation water quality
The following standards are laid down :
i). Electrical Conductivity (EC)

The concentration of total salt content in irrigatiwaters, estimated in terms of
electrical conductivity (EC), is taken as the magportant parameter for judging the
suitability of irrigation waters. Generally, alfigation waters having less than 2.25
mS/cm conductivity are considered suitable exceptdme unusual situations like
very sensitive crops and highly clay soils havirmpmppermeability. Ideal value is

less than 0.75 mS/cm and the waters widely used ttav values between 0.75-2.25
mS/cm (Richards, 1954).

i). Sodium Adsorption Ratio (SAR)

It is calculated to indicate the sodicity or alkétly hazard of irrigation waters.
Na*

ca® +Mg* |
2

SAR =

Where, the concentration of cations is in me/litre.

Based on the value of SAR, waters can be rateddifterent categories of
sodicity as under (Richards, 1954)

Safe <10
Moderately Safe 10-18
Moderately unsafe  19-26
Unsafe > 26

iii). Residual Sodium Carbonate (RSC)

This index is important for carbonate and bicarlbenach irrigation waters. It
indicates their tendency to precipitate calciunca€Q. RSC is calculated as below.

RSC (mellitre) = (CEF + HCOy) — (C&* + M)

Concentrations of both cations and anions are iflitnee Sodicity hazard in
terms of RSC is categorized as under (Richards})195

Safe <1.25
Moderate 1.25-25
Unsafe >2.5
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The limits can vary depending upon types of sai&nfall and climatic
conditions. Higher RSC values can be consideresl feafsandy soils in high rainfall
area (> 600 mm/annum).

iv).Mg/Ca ratio

It is widely reported that calcium and magnesiumndd behave identically in soil
system and magnesium deteriorates soil structuteplarly when waters are sodium
dominated and highly saline. High level of Mg usyi@romotes higher development
of exchangeable Na in irrigated soils. Based oioraf Mg to Ca, waters are
categorized as below.

Safe <15
Moderate 1.5-3.0
Unsafe >3.0

v)Boron Content

Boron, an essential micronutrient is required inyv@mall quantity by the crops. It
becomes toxic, if present beyond a particular leivetelation to boron toxicity, water
quality ratings are as below.

Low hazard <dug B/ml
Medium hazard 1-Ag B/ml
High hazard 2-4u9 B/ml

Very high hazard >fg B/ml

Each of the above parameters has bearing on thiéygaf irrigation water.
However, each water source will have its specifidability or hazardous nature
depending upon the presence (and the degree) enabsf each of the constituents.
Different chemical constituents interact with eather and cause a complex effect
on soil properties and plant growth.

The waters with low SAR and low EC are widely ahle but when a value of
any one of these parameters or both increases coittent, the waters become less
and less suitable for irrigation purposes. Thectele of crops for such situation
becomes critical. Salt tolerant crops can be growsuch areas. Soil type is also an
important consideration under such situations.

Upper permissible limits of EC, SAR, RSC and B iadicated below (Table
16) for soil having varying amounts of clay and fgowing tolerant (T) and semi-
tolerant (ST) crops. These limits are based onnskte trials conducted by Paliwal
and Yadav (1976).

TABLE 24
Suitability of irrigation water for semi-tolerant a nd tolerant crops in different
soil types

Textural Upper permissible limit
category EC SAR RSC B
(dS/m) (mellitre) (ng/ml)
ST T ST | T ST T|ST| T
Above 30% Clay 1.5 2.0 10 15 2 3 2 3
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20-30% Clay 4.0 6.0 15  2( 3 4 2 3
10-20% Clay 6.0 8.0 200 25 4 9 2 3
Below 10% Clay 8.0 10.0 28 30 5 q 3 4

vi). Trace elements

Presence of trace elements or heavy metals cadseti@n in crop growth, if their
concentration increases beyond a certain levetigation waters and if such waters
are used continuously. However, such elements arenailly not a problem in
common irrigation waters. They can be of concerenvindustrial effluent water is
used for irrigation.

8.2 Methods of Water Sample Collection

A representative sample (500 ml) is collected imsglor polyethylene bottle which
should be properly washed/rinsed with the same rwaltéch is being sampled. The
floating debris or any other contaminant should dweided while collecting the
samples. After proper labeling, such as source atexy date of collection and the
type of analysis required, the sample should bé teethe laboratory without undue
delay.

Some of the anions like S@nd NQ may be quite low in irrigation waters.
Hence, large volume of sample has to be first cotnated by evaporating to about
100 ml to obtain their detectable amounts.

8.3  Analytical Methods
1. pH

The pH is determined by taking about 50 ml of watmple in 100 ml clean beaker
by using pH meter as described under chapter Basalysis, item 6.

2. Electrical Conductivity (EC)

The conductivity meter cell is filled with waterrsple and the EC is determined as
described under chapter 3, soil analysis, itenTBa.results are expressed as mS/cm.

3. Calcium And Magnesium

The usual method for determination of Ca+Mg is l®rsenate (EDTA) titration
(Cheng and Bray 1951). The method for their esimnain soils is described in item
17 of the chapter on soil analysis. In case ofss@enerally exchangeable calcium
and magnesium are estimated. In plants total comteacid digest is determined.
Once extracted, either as exchangeable, solultietalr further estimation by EDTA
method is same. The estimation of Ca and Mg cam laésdone by AAS which has
been described under Item No.5 and 6 in Chapter Rlant Analysis. Estimation of
Ca + Mg in water by EDTA method is described aseund

Apparatus
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e Porcelain dish
e Volumetric flasks
e Burette

Reagents

e Standard versenate solution (EDTA): An approximatélO1N solution of
ethylene diaminetetraacetic acid disodium salt d@eate) is prepared by
dissolving 2.0 g in distilled water to which 0.05 af magnesium chloride
(MgCl,.6Hy)) is added and diluted to one litre. This is tostendardized against
0.01N calcium chloride solution prepared by weighth500 g AR grade CaGO
(oven dried) and dissolving in minimum excess dditdi HC| (AR) followed by
making up the volume to one litre with distilled tea

e Ammonium chloride-ammonium hydroxide buffer (pH 210$67.5 g pure
ammonium chloride dissolved in 570 ml of concemrirahmmonium hydroxide
and made to one litre. pH adjusted to 10.

e Eriochrome black T indicator: 0.5 g of eriochromi&adk T and 4.5 g of
hydroxylamine hydrochloride (AR) dissolved in 1000n95% ethyl alcohol.

Procedure

1. Take 5 ml of the water sample in a porcelain dg&br( diameter).

2. Dilute to about 25 ml with distilled water.

3. Add 1 ml. of ammonium chloride-hydroxide buffer ar®&d to 4 drops of
eriochrome black T indicator.

4. Titrated with the standard versenate solution. ddleur change is from wine red
to bright blue or bluish green. At the end pointtimge of the red colour should
remain.

Calculation

From the volume of 0.01N EDTA (standardized agai@£tlN CaCj) solution
required for titration, the concentration of Ca+Mgdirectly obtained in me/litre as
follows:

mlversenatéEDTA) usedk normalityof EDTA x1000
mlaliquottaken
Ca+Mgin me/litre x equivalentwt.
1000
_ Ca+Mginmel/litre x 32.196
- 1000

Ca+ Mg (mel/litre)=

Ca-+ Mg (g/litre) =

OR

Ca+ Mg (gllitre) = mlversenatéEDTA) usedx normalityof EDTA x1000x equivalentwt.

mlaliquottakenx1000
_ mlversenatéEDTA) usedk normalityof EDTA x 32.196
mlaliquottaken

4, Sodium
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Small amount of sodium is generally present eveth@ best quality of irrigation
water. The concentration of sodium may be quité mgsaline water with EC greater
than 1 mS/cm and containing relatively less amain€a and Mg. Obviously, its
estimation is of interest when the water sampltstsaline (i.e. having EC above 1.0
mS/cm at 2%C). The determination of Na is carried out direatlith the help of
flame photometer using appropriate filters and ddath curves prepared by taking
known concentration of Na.

Apparatus

e Flamephotometer
e Volumetric flasks
e Beakers

Reagents
e NaCl (AR grade)
Procedure

1. Preparation of standard curve:

e Take 2.5413 g of NaCl (AR), dissolve in water tokea&o the volume to 1 litre
and this will give a solution of 1000g Na/ml. From this solution take 100 ml
and dilute to 1 litre to obtain 1@ Na/ml as stock solution.

e For preparing working standards, take 5, 10, 152Mhanl of stock solution in
100 ml volumetric flask and make up the volumevduld give 5, 10, 15 and 20
ug Na/ml.

e Feed the standards on the flamephotometer one byt@mbtain a standard
curve taking absorbance on Y-axis and respectiveanrations of Na on X-
axis.

2. Water samples are fed on the flamephotometer ardrladnce is recorded for
each sample.

3. Concentration of Na is observed against each ahsoeowhich is inug Na/ml.
Calculation

Ax1000

Contenbf Na in mg/litreof water=
1000
where,

A = absorbance readingd/ml) from the standard curve

Note:

e If a water sample is diluted for estimation, theugtity of sodium as observed on
standard curve is multiplied by the dilution factor

o If the water sample is concentrated before estonathe quantity noted from the
standard curve is divided by the concentrationoiact
¢ Normally, no dilution and conc. is required.
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5. Carbonates and Bi-Carboantes (Richards, 1954)

The estimation is based on simple acidimetric ttdra using different indicators
which work in alkaline pH range (above 8.2) or aidéc pH range (below 6.0).
Apparatus

e Porcelain dish
e Burette

Reagents

e Phenolphthalein indicator: 0.25% solution in 60%yétlcohol
e Methyl orange indicator: 0.5% solution in 95% alobh
e Standard sulphuric acid (0.01M).

Procedure

1. Take 5 ml of the water sample (containing not nttien one milliequivalent of
carbonate plus bicarbonate) in a porcelain dish.

2. Dilute with distilled water to about 25 ml.

3. A pink colour produced with a few (2 to 3) drops pifenolphthalein indicates
presence of carbonate and it is titrated with 0.GL\phuric acid until the colour
just disappears (phenolphthalein end point) becadisalkali carbonate having
been converted to bicarbonate. This is called haliitralization stage. This
burette reading (volume used) is designated as Y.

4. To the colourless solution from this titration (orthe original sample of water if
there was no colour with phenolphthalein) add 12tdrops of methyl orange
indicator and continue titration with brisk stirgino the methyl orange end point
(yellow) and the final reading (volume used) isigeated as Z.

Calculation
, . 1000
Carbonates (me/litrey 2(Volumeof H,SO,) x Molarity of H,SO, X ———————
ml of aliquot
- 2Yx 0,057
=2Yx2=4Y

2(Vol.of H,S0O,) x Molarity x1000x Eq.wt.of CO,(30)
mlof samplex1000

Carbonate@y/litre) =

~2Yx0.01x30
- 5

=0.12Y

Note:
The volume of acid used for half-neutralization acafrbonate is Y, hence for full
neutralization it has been assumed as 2Y.

1000

Bicarbonates (mel/litre} (Z - 2Y) x molarityof H,SO, X ————
mlof aliquot
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~ (Z2-2Y)x0.01x1000

- 5

=(z-2Y)x2

Where carbonate is absent: Z x 2

6. Residual Sodium Carbonate (RSC)

This is an important character for assessing thlslity of irrigation water in
consideration of likely sodium hazard. It is calted from the analysis data for
carbonates, bicarbonates and calcium plus magnesitime following manner:

RSC(mellitre)= (CO? + HCO;) — (Ca** + Mg*)
Note: all expressed in me/litre.

7. Boron

The method for Boron estimation is same as destfitxesoils in chapter 3, item 18.
The determination is carried out by azomethionestbrimetric method. It can also
be estimation on AAS. Suitable quantities of thengle may be taken depending
upon the Boron content in the waters.

8. Chlorides

Mohr’s titration method is most commonly used fotoride estimation. It depends
upon the formation of a sparingly soluble brick-reidver chromate (AgCrg)
precipitate at the end point when the sample liatéitl against standard silver nitrate
(AgNQO3) solution in the presence of potassium chromatgC(®,) as indicator.
Initially the CI ions are precipitated as AgCl addrk brick-red precipitate of
Ag2CrO;, starts just after the precipitation of AgCl is ave

Apparatus

e Beakers/porcelain dish
e Burette

Reagents

e Potassium chromate §KrO,) indicator (5%) solution: Dissolve 5 g 0L8rO;, in
about 75 ml distilled water and add drop by drofursded solution of AQN®
until a slight permanent red precipitate is formiéitter and dilute to 100 ml. With
high purity analytical reagent, the indicator smntcan be prepared directly.

e Standard silver nitrate solution .Q®M): Dissolve 8.494 g of silver nitrate
(AgNQg3) in distilled water and make the volume to oneelitStandardize it
against standard NaCl solution and keep in amb&yuoed bottle away from
light.

Procedure
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1. Take 5 ml of the sample in a 100 ml beaker or aglam dish and diluted to
about 25 ml with distilled water.

2. Add 5-6 drops of KCrO, indicator (making it dark yellow), and titrate augt the
standard AgN® solution with continuous stirring till the firstribk-red tinge
appears.

3. Run a blank to avoid error due to any impurity remicals.

Calculation

ClImagllitreof water= X x1.775x 1000

mlof sample

Where,
ml of water sample taken =5
X =ml of 0.05M AgNQ consumed in titration
1.775 = factor representing mg of Cl in aliquot/péras calculated below:
1 ml of 1M AgNG; = 1 me of ClI
1 ml of 0.05M AgNQ = 0.05 me of CI = 35.5x 0.05
= 1.775 mg of Cl (in aliquot).

8. Sulphate

While traces of sulphate occur universally in gplds of waters, its content may be
appreciably high in several saline waters showi@deeater than 1 dS/m at %25
Sulphate can be determined gravimetrically, coletimally, turbidimetrically or
titrimetrically. Here, the turbidimetric methoddsscribed:

Sulphate content is determined by the extent obidity created by
precipitated colloidal barium sulphate suspensiarium chloride solid crystals are
added to ensure fine and stable suspension of Bas@ pH of about 4.8. It also
eliminates the interference from phosphate andatédi Fine suspension of BaSi®
stabilized by gum acacia and the degree of tuspiti¢asured by turbidity meter or
estimated by spectrophotometrically at 440 nm.

Apparatus

Spectrophotometer
Beakers
Volumetric flasks

Reagents

Sodium acetate-acetic acid buffer: Dissolve 10G gure sodium acetate in 200
ml of distilled water. Add 31 ml of glacial aceticid and make the volume to one
litre. Adjust pH at 4.8.

Gum acacia: Dissolve 2.5 g of gum acacia in ome kif distilled water. Keep
overnight and filter.

Barium chloride: Pure Baglrystals ground to pass through 0.5 mm sieve but
retained on a 0.25 mm sieve.
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Potassium sulphate solution: To make a stock swlutf 10 me S/litre, weigh
1.74 g of pure KSOy salt and dissolve in one litre water.

Procedure

ablrwn

o

Take 5 ml of the water sample (having <1 me Sjlime25 ml of volumetric flask.
If the EC of water is >1 dS/m, dilute it with difgd water to bring EC below 1
dS/m.

Add 10 ml of sodium acetate-acetic acid buffer aintain the pH around 4.8.
Add 1 ml of gum acacia and 1 g of BaCtystals and shake well.

Make the volume to 25 ml with distilled water.

Invert the flask several times and measure thaditybwith a spectrophotometer
at 440 nm using blue filter.

Preparation of the standard curve: For 0, 1, 2,&)d 5 me S/litre, pipette 2.5, 5,
7.5, 10 and 12.5 ml from stock solution containit@ me S/litre into 25 ml
volumetric flasks. Then develop the turbidity andasure its intensity as in case
of samples. Draw a curve showing sulphur conceotrabn x-axis and
absorbance on y-axis.

Calculation

Calculate the S content of samples using the stdndave taking in to the dilution
factor of 5 (5 ml made to 25 ml) expressed as rhieSof water.

0.

Nitrate Nitrogen (NO3-N)

This method depends upon the reduction of nit@emmonia by adding Devarda’s
alloy and alkali. The nitrites (N if present in the sample are also reduced and
determined along with NON.

Apparatus

Kjeldahl distillation assembly
Electric muffle furnace
Desiccator

Reagents

Magnesium oxide (MgO): Heat the MgO af’65or 2 hours in an electric muffle
furnace to remove traces of Mgge@hich may be present. Cool in a desiccator
over solid KCI and store in tightly stoppered lmittl

Boric acid with mixed indicator: Weigh 20 g of boracid and add approximately
900 ml of hot distilled water. Cool and add 20 rhhoxed indicator and make up
the volume to 1 litre.

Mixed indicator: Dissolve 0.066 g of methyl red a@d99 g of bromocresol
green in 100 ml of alcohol.
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e Standard sulphuric acid.(2M).
e Devarda’s alloy: Mix Cu:Al:Zn in the ratio of 50:4band grind to pass through
0.15 mm sieve.

Procedure

1. Take 50 ml of water sample in the distillation Has

2. Add 0.5 g of MgO and 0.2 g of Devarda’s alloy.

Put the heaters on and collect the /NNOs coverted in NH by reducing agent —
Devarda'’s alloy) into boric acid (20 ml) having racindicator into conical flask,
which is connected with distillation apparatus.

Continue distillation to collect about 35-40 ml.

Remove the distillate first and then switch off tieating system.

Titrate the distillate against 0.02M,EO, till the pink colour appears.

Carry out a blank simultaneously.

w

No A

Calculation

NO; — N (mglitre) = (X-Y)x0.28 1000 % v x 056
50(mlof sample)

Where,

X = volume (ml) of 0.02M HSO, consumed in sample titration.
Y = volume (ml) of 0.02M HSO, consumed in blank titration.
0.28 = Factor (1 lit 1M EBOy = 14 g N. Therefore,

1 ml 0.02M HSO, = ~2X 01'%%? 1000 1N = 028 mgN

154



Bibliography and further references for study

Ariyaratne, R.M. (2000), Integrated Plant Nutriti®gstem(IPNS), Training Manual,

FADINAP, FAO.

Aulakh, M.S. & Ball, G.S. (2001). Fertilizer New§(#), 2001.

Baker, D.E. and Suhr, N.H. (1982). Atomic Absorptiand Flame Emission
Spectrometry. Methods of Soil Analysis, Part-2"® 2d. Agronomy
Monogram, ASA and SSSA. Madison, WIS, USA

Baver, L.D. and Rhodes, H.F. (1932). Aggregateyammahs an aid in the study of soil
structure relationships. J.Am. Soc. Agron., 24.-3R0

Bear, F.E. (1964). Chemistry of the Soil, Ameri€memical Society.

Berger, K.C. and Truog, E. (1939) Boron determorain soils and plants. Ind. Eng.
Chem. Anal. Ed. 11: 540-45

Bhargava, B.S. and Raghupathi, H.B. (1993) Analg$iplant materials for macro
and micronutrients. p.49-82 In H.L.S. Tandon (édéthods of Analysis of
Soils, Plants, Waters and Fertilizers. FDCO, NeshD

Brady, N.C. (1990). The Nature and Properties af, 3éacmillan Pub. Co., New
York.

Bray, R.H. and Kurtz. L.T. (1945) Determinationtofal, organic and available forms
of phosphorus in soils. Soil Sci. 59: 30-45.

Cate, R.B. Jr. and Nelson, L.A. (1965) A rapid noetHor correlation of soil test
analyses with plant response data. Tech. Bull. Ca&tol. State Agric. Exp.
Stn. ISTP Series.

Chanda T.K.(2008) Analysis of Fertilizer Use by @rdndian J.Fert. Vol.4(5)
ppl1-16

Cheng, K.L. and Bray, R.H. (1951) Determinatiorcafcium and magnesium in soil
and plant material. Soil Sci. 72: 449-58

Chesnin, L. and Yien, C.H. (1950) Turbidimetric efetination of available
sulphates. Proc. Soil Sci. Soc. Am. 14: 149-51.

Chopra, S.L. and Kanwar, J.S. (1991) Analytical i&gjtural Chemistry, Kalyani
Publishers, New Delhi.

Datta Biswas, N.R.(1971), Mobile Soil Testing Ladtory, Operational Manual,
Directorate of Extension, Ministry of Agriculutre.

Datta, N.P., Khera, M.S. and Saini. T.R. (1962)apid colorimetric procedure for
the determination of the organic carbon in soilsndian Soc. Soil Sci. 10:
67-74.

Dev. G.(1997), Soil Fertility Evaluation for Balaa Fertilization. Fert. News 42(4),
23-34.

Dickman, S.R. and Bray, R.H. (1940) Colorimetrictedmination of phosphate.
Indus. Engg. Chem. (Anal.) 12: 665-68.

Ferreira, AM.R., Rangel, A.O.S.S. and Lima, J.C.H1998). Flow Injection System
for elemental soil analysis determination. Commatian Soil Science, Plant
Analysis, 29(344), 327-60.

Ghosh, A.B. and Hasan, R. (1980), Fertilizer NeX#¢11), 1980.

Ghosh, A.B. Bajaj, J.C. Hasan, R. and Dhyan Sifd@83) Soil and Water Testing
Methods: A Laboratory Manual, Division of Soil Seee and Agricultural
Chemistry, IARA, New Delhi

Goswami, N.N. (1997). Concept of balanced fertilaa, its relevance and practical
limitation, Fertilizer News 42(4), 1997.

Gupta, D.K. (2000). Soil, Plant, Water and FergitiAnalysis Agrobios (India)

155



Gupta, R.P. and Ghil Dyal, B.P. (1998). Theory dPdhctices in Agrophysics
measurements. Allied publishers Ltd.

Handbook of Manures and Fertilizers, ICAR(1964 )

Hanway, J.J. and Heidel, H (1952) Soil analysishoé$ as used in lowa State
College Soil Testing Laboratory. lowa Agric. 5731.

Issam, |. Bashour and Antoine H. Sayegh, Americaivéisity of Beirut, Beirut,
Lebnan, FAO (2007 ).

Jackson, M.L. (1962) Soil Chemical Analysis, PremtHall of India Pvt. Ltd., New
Delhi.

Jones, J.B. Jr. (1972). Plant tissue analysisnioronutrients in J.J. Mortvedt et al.
(ed.) Micronutrients in Agriculture, SSSA Book S&rMadison, Wis., USA.

Lindsay, W.L. & Norvell, W.A.(1978 ). Development a DTPA soil test for zinc,
iron, manganese, and copp®ail Sci. Soc. Am.,J42: 421-448.

McQuaker, N.R., Kluckner, P.D. and Chang, G.N. @97Calibration of an
inductivity coupled plasma — atomic emission spggiiotometer for analysis of
environmental material. Analysis Chem. 51(7).

Motsara, M.R. Joginder Singh and Verma, K.P.S. 2)9Bertilizer News 27(9), 1982

Motsara, M.R. (2002). Available Nitrogen, Phosplom@and Potassium Status of
Indian Soils as depicted by Soil Fertility Maps.rtifieer News, Vol.47(8),
2002.

Motsara, M.R. (2002). Mission Report on FAO ProjectCP-Lao/2901, Promotion
of Bio-Organic Fertilizers.

Motsara M.R. (2004). A Training Manual on Soil Sdimg & Analysis, FAO Project
TCP/DRK/2901. Improvement in Soil Analysis & Feddtion, Pyongyong,
PDR Korea.

Motsara, M.R.(2006)Half a Century of Soil Testing in Indi®roceedings of national
seminar- Soil Testing for balanced and Integrated af fertilizer, IARI, New
Delhi.

Motsara, M.R. & Roy, R.N. (2008). Guide to Laborgtestablishment for plant

nutrient analysis, FAO Fertilizer and Plant Nudnitj Bulletin 19.
Muhr, G.R., Datta, N.P., Shankarsubramoncy, H.eyeV.K. and Donahue, R.L.
Soil Testing in India (1965), USDA
Munter, R.C. (1990) Advances in soil testing andanpl analysis analytical
technology. Commum. Soil Sci. Plant Anal. 21 (13:1631-41.

Olsen, S.R. Cole, Watanable, F.S. and Dean, L.854) Estimation of available
phosphorus in soils by extraction with sodium bicarate. Circ. U.S. Dep.
Agric. 939.

Parker et al (1951), Agron J. 48 (105-112)

Perur, N.G., Subramanian, C.K., Muhr, G.R. and Ra&¥. (1973). Solil Fertility
Evaluation to Serve Indian Farmers, USDA.

Paliwal, K.V. and Yadav, B.R. (1976) Irrigation watquality and crop production in
Delhi territory. Tech. Bull. No. 9, IARI, New Ddllp. 166.

Ramamoorthy, B. and Bajaj, J.C. (1969) AvailablePNand K status of Indian soils.
Fert. News, 14(8): 24-26

Reeuwijk, L.P. Vanand Houba V.J.G. (1998). Guidsdifior quality management in
Soil and Plant Laboratories, FAO Soil Bulletin, 74.

Report of High Powered Committee on Fertilizer Goner Prices (1987), Govt. of
India, Ministry of Agriculture, Deptt. of Agriculte & Corporation.

156



Richard, L.A. (1954). Diagnosis and Improvemengafine and Alkali Soils. Agri. —
Handbook No.60, USDA.

Schoonover, W.R. (1952) Examination of soils fokadil Extn. Bull. Univ. of
California, Extension Services, Berkeley, Califarni(mimeographed
publication).

Shoemaker, H.E., McLean, E.O. and Pratt, P.F. (L9Baffer methods for
determining lime requirement of soils with apprétégaamounts of extractable
aluminium. Proc. Soil Sci. soc. Am. 25: 274-77.

Skotnikov, A. (1998). Automated unit for soil sampbreparation and processing.
Soil Science Plant Analysis 29 (11-14), 2015-33.

Soltanpour, P.N., Johnson, G.W., Workman, S.M.ed8pd.B. Jr. and Miller, R.O.
(1998). Advances in ICP emission and ICP mass spuetry. Advanced
Agronomy 64, 27-113.

Subbiah, B.V. and Asija, G.L. (1956) A rapid prouosal for the determination of
available nitrogen in soils. Curr. Sci. 25: 259-60

Toth, S.J. & Prince, A.L.(1949 ). Estimation of icat exchange capacity and

exchangeable Ca, K and Na contents of soils by dfdmtometric techniques.
Soil Sci., 67: 439-445.

Tandon, HLS (EQ), (1989). Secondary and MicronatrRecommendations for Soils
and Crops — A Guidebook, FDCO, New Delhi.

Tandon, H.L.S. (1993) Methods of Analysis of SoPants, Waters and Fertilizers
(ed.) Fertilizer Development and Consultation Oigation, New Delhi.

Tandon, H.L.S. and Kimmo, [.J. (1993) Balancedtilkger Use, its practical
importance and Guidelines for Agriculture in Asiaciic Region, FADINAP,
Bangkok, Thailand.

Tandon, HLS. Ed(2005). Methods of Analysis of sgilsints, water, fertilizers and

organic manure, (ed) FDCO, New Delhi.

Truog, E. (1960) Fifty years of soil testing. Tradh Int. Cong, Soil Sci. 3, 46-57.

Veihmeyer F.J and Hendrickson A.H. (1931). The tooés equivalent as a measure
of field capacity of soils. Soil Sci. 32, 181-194.

Vogel, A.l. (1961), A textbook of Quantitative Img@amic Analysis, including
Elementary Instrumental Analysis. The English Laagg Book Society &
Longmans Green & Co. Ltd., London.

Walkley, A.J. and Black, I.A. (1934) Estimation ebil organic carbon by the
chromic acid titration method. Soil Sci. 37: 29-38

Woodruff, C.M. (1948). Testing soils for lime reqenent by means of buffer

solution and glass electrode. Soil Sci., 66: 53—63.

Yoder, R.A. (1936). A direct method of aggregatalgsis of soils and a study of the

physical nature of erosion losses. J. Amer.SocoAg28: 337-51.

157



Annexure 1

List of equipment, provided under National Project, for setting up of Soil

Testing Laboratory with an analyzing capacity of 10000 samples per annum
(For analyzing NPK, secondary and micronutrients insoil and 200 samples of
irrigation waters)

Sl. ltems Cost ( Rs.in lakh)
1 Equipment* 18.00
2 Chemicals & glasswares 10.00
3. Contingencies 6.00
4, Standby Generator/Electricity source 6,00
5. Assistance for outsourcing technical support 0@0.
Total 60.00

Note: Subsidy is provided @ 50% of project cost limiedximum of Rs.30 lakh as
one time subsidy
*  Equipment-wise estimates approved

S.No. | Name of Equipment No Cost
(Rs. in lakh)

1 Atomic Absorption Spectrophotometer (AAS 1 10.00
2 Spectrophotometet 1 1.00
3 Flame Photometetr 1 0.70
4 Conductivity Meter 2 0.30
5 pH Meter 2 0.30
6 Shaking Apparatus 2 0.30
7 Electronic Balance i 1.00
8 Analytical Balance / Top Loading balance 2 0.70
9 Drying Oven 1 0.20
10 Computer with appropriate software 1 1.50
11 Table Top Centrifuge il 0.25
12 Misc. laboratory articles - 1.25

Total 18.00

Note: # or Inductively Coupled Plasma Spectrometer (IQP)ieu of equipment
mentioned at SI. No. 1, 2, and 3.

The specifications of the majorqupment are given in
Annexure-6A.

The details of the equipment,t@simates and subsidy pattern to set up
mobile soil testing lab are given inAnnexure — 1A.
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Annexure 1-A

List of equipment for setting up of Mobile Soil Tesing Laboratory with an

analyzing capacity of 5,000 samples per annum in ¢hfield and 5,000 samples
when the van is attached with the stationary lab @fr analyzing NPK, secondary
and micronutrients in soil and 200 samples of irrigtion waters )

Sl. ltems Cost ( Rs.in lakh)
1 Equipment 18.00

2 Chemicals & glasswares 1.50
3. Contingencies 1.00
4. Generator 1.00
5. Cost of van 15.00

6. Assistance for manpower 3.50
Total 40.00

Note: Subsidy is provided @ 75% of project cost limiedximum of Rs.30 lakh

as one time subsidy

Details of Equipment approved

S.No. | Name of Equipment No | Cost
(Rs. in lakh)

1 Atomic Absorption Spectrophotometer (AAS) 1 10.00
2 Spectrophotometer 1 1.00
3 Flame Photometer 1 0.70
4 Conductivity Meter 2 0.30
5 pH Meter 2 0.30
6 Shaking Apparatus 2 0.30
7 Electronic Balance 1 1.00
8 Analytical Balance 2 0.70
9 Drying Oven 1 0.20
10 Computer with appropriate software 1 1.50
11 Table Top Centrifuge il 0.25
12 GPS System with mobile phones 1 0.25
12 Misc. laboratory articles - 1.50

Total 18.00
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Annexure-2

Staff Requirement for a Central / Nodal Soil Testig Laboratory having 10,000
soil and 200 water samples annual analysing capagiand with the responsibility
of preparing solil fertility maps and arranging training for I/C Soil Testing Labs

S.No. | Name of Post Number Qualifications
1 Senior Soil Scientist/ 01 M.Sc(Soil.Sci. / Agri.Chemistry
Joint Director(Agri.) Or B.Sc.Ag. with 08 vyear
experience in soil testing / sai
survey /fertilizer testing
2 Agronomist 01 M.Sc(Agronomy) with
/Dy.Director(Agronomy) experience as per Dy. Director
the State
3 Asstt. Soil Chemist 02 M.Sc(Soil.Sci. / Agri.Chistry)
Or B.Sc.Ag./Chemistry with 05
years experience in soil testing /
soil survey /fertilizer testing
4 Analytical Asstt. 02 B.Sc.Ag./ Chemistry with (
years experience in soil testing /
soil survey /fertilizer testing
5 Lab Attendant 03 High School Science
6 LDC /Steno 01 High School, Typing
/stenographer experience
I Computer Operator 01 Relevant experience
8 Peon 01 As per Govt. Rules
Total 12

Staff Requirement of a Soil Testing Laboratory having 10,000 soil and 200 water
samples annual analysing capacity

S.No. | Name of Post Number Qualifications

1 Asstt. Soil Chemist 01 M.Sc(Soil.Sci. / Agri.Chstry)
Or B.Sc.Ag./Chemistry with 05 years
experience in soil testing / sai
survey /fertilizer testing

2 Analytical Asstt. 03 B.Sc.Ag./ Chemistry with Q&ars
experience in soil testing / sai
survey /fertilizer testing

3 Lab Attendant 03 High School Science

4 LDC 01 High School, Typing experience

Total 08
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Annexure-3
State wise Number of Soil Testing Laboratories, Amual Analyzing Capacity and its Utilization
During the year 2008-09

SN Name of No. of Soil Testing baratories Annual Sample Cap.
the State No. Anlyzing Analyzed Utili.
of St_ate Govt. _ F_ert. Industry_ ‘ Tota _ Capacity | In‘00000’ %
Dist | Static Mobile Static Mobile Static Mobile Total 100000’
1 Andhra Pr. 23 80 4 2 0 82 4 84 4.38 455 103.9
2 Karnataka 29 20 3 1 1 pal 4 25 2.64 1.0 60.6
3 Kerala 14 14 9 1 0 15 9 24 3.67 236 64.3
4 Tamil Nadu 30 19 16 1 1 20 17 37 8.3¢ 7.20 868
5 Pondicherry 4 2 0 0 0 2 0 2 0.04 0.06 150{0
6 A&N Island 3 1 1 0 0 1 1 2 0.12 0D.
58.3
7 Lakshdweep 1 NA NA NA NA NA NA NA NA NA -
TOTAL 104 136 33| 5 2 141 35 176 19.19 15.434 82.5
8 Guijarat 25 22 1] 3 1 25 2 27 2.4Q 3.12 130.0
9 M.P. 48 27 6 0 3 27 9 36 3.5p 2.0 56.2
10. Maharashtra 35 29 0 6 4 35 4 34 2.25 262 114
11 Rajasthan 32 21 1p il (o] 22 12 B4 3|75 3.29 7.7
12. Chhattisgarh 16 5 4 0 q 5 4 ) 0.65 0j41 631
13. Goa 02 1 1 0 0 1 1 2 0.24 0.18 72.0
TOTAL 158 105 24 10 8 115 32 147 12.8¢ 1162 9D.4
14. Haryana 19 30 D 0 30 0 30 3.08 2.0§ 66.9
15. Punjab 17| 54 3 1 54 4 58 5.56 3.82 687
16. H.P 12 11 2 q D 11 2 13 1.25 1224 976
17. Uttar Prades 7 73 18 4 4 77 22 99 21.39 21.61 1010
18. | (J&K) -Jammu 14 6 0 q D 6 0 6 0.45 0.33 724
Shrinagar 6 4 0 6 4 10 0.29 0.07 24.]
J & K Total 12 4 0 0 12 4 16 0.74 0.4Q 541
19. Uttaranchal 13 13 p 0 13 2 15 0.85 0.61 71.8
20. Delhi 9 1 0 0 (i 1 0 1 0.01 0.01 100.p
TOTAL 154 194 29 4 5] 198 34 232 32.88 29.78 904
21. Bihar 38 39 0 0 D 39 0 39 2.00 1.03 51.%
22. Orissa 30 11 0 0 0 11 0 11 1.20 1.15 95.8
23. West Bengal 19 10 8 0 0 10 8 18 1.26 0.41 325
24. Jharkhand 22 7 0 q 0 7 0 7 0.39 0.12 30.4
TOTAL 109 67 8 0 0 67 8 75 4.85 271 55.9
25. Assam 23 8 4 0 0 B 4 12 1.06 059 5pb.6
26. Tripura 04 2 4 0 0 2 4 3] 0.21 0.12 571
27. Manipur 09 3 1 0 0 3 1 i 0.20 0.01 Q.1
28. Nagaland 08 3 0 0 Qg 3 0 3 0.45 of12 26.7
29. | ArunachaPr 16 1 1 0 0 1 1 2 0.0% 0.04  80J0
30. | Meghalaya 07 1 1 0 0 1 1 2 0.10 0{10 100.0
31. Sikkim 04 1 0 0 0 1 0 | 0.08 0.08 100.0
32. Mizoram 08 0 1 L 0.08 0.07 875
33. Daman & Diu 02 - - - - - - -
34. Dadra Nagar 02 - - - - - - - -
TOTAL 83 20 11 0 0 20 11 31 2.2 118  50{7
GRAND TOTAL 608 522 105 19 15 541 12 66[L 72.01 .8 84.5
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Annexure -4

Plant tissue sampling guideline for different crops

Crop(Reference) | Index Tissue Growth stage/time

Food Crops

Rice 3% leaf from apex Tillering

Wheat Flag leaf Before head emergence
Sorghum ' leaf below inflorescence Bloom

Maize Ear leaf Before tasseling

Barley Flag leaf At head emergence
Pulses Recently matured leaf Bloom initiation

Potato Most recent fully developed leaf  Half grown

Oil crops

Groundnut Recently matured leaflets Maximum tileri
Sunflower Youngest matured leaf blade Initiatiorflofvering
Mustard Recently matured leaf Bloom initiation
Soybean 9 leaf from top 2 months after planting
Fibre crops

Cotton Petiole, 4 leaf from apex Initiation of flowering
Jute Recently mature leaf 60 days age

Other field crops

Sugarcane "Bleaf from top 3-5 months after planting
Sugarbeet Petiole of youngest matured Ieaf 50-86 dhl

Tobacco ' leaf from top 45-60 days old

Fruit crops

Apple Leaves from middle of terminal8-12 weeks after full bloom

shoot growth

2 to 4 weeks after formation
of terminal buds in bearing

tree
Apricot Fully expanded leaves midshop&arly June to mid July
current growth
Blackberry Latest matured leaf from non4-6 weeks after peak bloom
tipped canes
Cherry Fully expanded leaves,July-August
midshoot current growth
Peach Midshoot leaves. Fruiting o¢omMid-summer leaves.
non-fruiting spurs Fruiting
Banana Petiole of "8 open leaf from| Bud differentiation
apex 4 months after planting
Cocoa &' leaf from apex Bloom initiation
Cashew % leaf from tip of matured| At beginning of flowering

branches

Citrus fruits

3 to 5 months old leaves fro
new flush. 1'leaf of the shoot

mJune

Guava & pair of recently matured Bloom stage ( Aug. to Dec.)
leaves
Mango Leaves + Petiole 4-7 months old leaves fr
middle of shoot
Papaya B petiole from apex 6 months after planting
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Pineapple Middle one third portion gf4-6 months
white basal portion of ¥ leaf

from apex

Plantation Crops

Coconut Pinnal leaf from each side &f 4
leaf

Coffee 3" or 4" pair of leaves from| Bloom
apex of lateral shoots

Oil Palm Middle 1/8" minus midrib of 3

=

upper and 3 lower leaflets fron
17 fronds of mature trees and|3
fronds of young trees.

Tea Third leaf from tip of yound
shoots
Clove 10" to 12" leaves from tip of| End of blooming period

non fruiting shoot
Source : Bhargava and Raghupati — Methods of Amablydited by Tandon
(2005)

Plant analysis is the subject of rather extensagearch programmes among plant
nutritionists. A great deal remains to be discogieabout this diagnostic tool and
research is constantly uncovering new facts anabishing standards. It can be a
valuable addition to available diagnostic tools. pkésent, the plant analysis is not
done in the soil testing labs. However, it is amportant parameter to study the
nutrient need of growing crops and may become iitfaim future in the soil testing
labs also.

Tissue testing Tissue testing is the determination of the amofia plant nutrient in
the sap of the plant, a semi-quantitative measunemiethe unassimilated, soluble
content. A large amount of an un assimilated notrie the plant sap indicates that
the plant is getting enough of the nutrient beesjed for good growth. If the amount
is low, there is a good chance that the nutriemdtiser deficient in the soil or is not
being absorbed by the plant because of lack ofraoikture or some other factors.
Tissue tests can be run easily and rapidly inigld.fGreen plant tissue can be tested
for several nutrients, NEN, P, K and sometimes Mg, Mn and Fe. Howeverkes

a lot of practice and experience to interpret tasults, especially those for the
micronutrients. Tissue tests are used to identify putrient (N, P or K) that may be
limiting crop yields. If one nutrient is very lowthers might accumulate in the sap
because plant growth has been restricted, resuhirepy improper interpretation. If
the crop grows vigorously after the deficiency baen corrected, one might find that
other nutrients are not present in required amopntsluce high yields. What is
identified, or tested for, is the most limiting rant at a particular growth stage. The
on-the-spot tissue tests can be very helpful. Righhe field, N deficiencies can be
detected and corrective measures suggested. Asotdthanalysis of plants, it pays to
compare healthy plants with poor ones whereveriplesdn India, tissue testing is
used in a limited way for giving fertilizer recomnuations for plantation crops in the
southern states. However, in the western countkiés,containing instructions and
supplies for running tissue tests are availableelVproperly used, tissue tests work
well with soil tests and plant analysis as anogwad diagnostic tool.
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Annexure-5

Format of registers for maintaining record of equipment, glasswares, chemicals
and miscellaneous items in a Laboratory

Register for Equipment

Item Description Qty Reference Mode| Price/ Total Price
Unit (US$)
(US$)
1 Spectrophotometer 1 BDH331/1042/04 6085 3620 362(
2 Flame photometer
3
4
Register for Glasswares
Item Description Qty| Reference Mode] Price/ Total Price
unit (US$)
(US$)
1 Beaker 5 ml 30| BDH/209/0310/01 Pyrex 5 150
2 Flask
3
4
Register for chemicals
Item Description Qty Reference Mode| Price/ | Total/ Price
I piece (US$)
(US$)
1 Hydrochloric Acid 2| BDH-10125-5Y AR 16 32
litres
2 Sulphuric Acid
3
4
Register for Miscellaneous items
Item Description Qty Reference Mode| Price/ | Total Price
unit (US$)
(US$)
1 Funnel stand 2 ABC Woode 5 10
litres
2
3

164




Annexure-6

Equipment, Chemicals and Glasswares required for &aboratory having a
capacity to analyse 10,000 Soil and 200 Water sameglannually

Equipments

S.No.

Name/Specification/Description

Nos.

1.

Analytical / semi-micro balance
Capacity =300 g

Resolution = 0.1 mg

Pan size = 100 mm

(1 each
type)

Two pan balance
Capacity =500 g
Resolution = 0.2%

pH meter: Range 0-14 pH with accuracy of
+0.05 pH, complete with combination
electrode, mains operated, to work on 220V, 50
CY.

Conductivity Bridge: Single range 0-15 mS/cm
directly calibrated with temperature
compensation and cell constant adjuster,
complete with pipette type conductivity cell
having platinum electrodes duly coated with
platinum black and having a cell constant of
1.0040.01%; mains operated with electronic
“Eye” null indicator, to work on 220V 50CY.

Photoelectric colorimeter: Having dual barrier
type matched photocells with sensitive
galvanometer for null adjustment and
logarithmically calibrated potentiometer to read
directly optical density on dial, complete with
optical glass filters for maximum transmission
at 420, 540 and 660 nm wavelengths; mains
operated to work on 220V 50 CY.

Or Spectronic-20 Spectrophotometer

6().

Shaking machine: Reciprocating type, variable
speed of 70 to 300 strokes per minute, with box
type platform carrier (size 79 cm L x 43 cm W

x 8 cm H) fitted with heavy duty electric motor
for continuous operation and built-in 0-60
minutes timeswitch; to work on 220 V, 50 CY.

6(i).

Water Bath Shaker with 50 cm x 38 cm water
bath size mounted on the shaking machine as

6(i).
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Centrifuge, clinical type with head to take 12
tubes of 15 ml capacity, complete with metal
shields, rubber cushions and 15 ml centrifuge
polythene tubes; to work on 220V, 50CY.

Voltage stabilizers (Constant voltage
transformers): Input 170 to 250V, AC output
220V

Capacity: 1, 2, 5 KW

1 each

Voltage stabilizers (Constant voltage
transformers): Input 170 to 250V AC, Output
220V+5V

10.

Pressure Vacuum Pump: To deliver 1.5 culft.
(0.04 ni/minute)air at a maximum pressure of
15lb per sq.inch and create vacuum of 28
mercury column, complete with pressure gauge
and ballast, to work on 220V, 50 CY.

11.

Automatic pipetting machine: Brewer type,
adjustable volume and frequency of cycling, to
deliver upto 50 ml solution; syringe, plunger
cylinder, valves and intake and delivery tubes
made of neutral hard glass or resistant plastic
material; to work on 220V 50CY.

12.

Demineralizer Plant: For obtaining deionised
water, regenerating type, separate or mixed bed
resin columns treated water to have pH 6.8 to
7.0, portable model, capacity — 75 litres of
deionised silica free water per hour.

13.

Oven: Laboratory model, made of stainless
steel inside and outside, maximum temperature
18dC, thermostatically controlled,1+0°C
accuracy, inside chamber — 30 cm x 30 cm x30
cm.

14.

Trolleys: (Push carts) made of tubular frame
mounted on rubber casters, with mild steel top
size 60 cm x 75 cm and height 90 cm.

15.

Flask stand: To hold eleven 100 ml conical
flasks, with adjustable base and collar — total
length of stand 75 cm, width 8 cm, overall
height 12 cm, distance between flasks 6.5 cm to
fit multiple dispensing equipment (wood).

10
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16.

Funnel Stand: To hold eleven 5to 7 cm
diameter glass funnels to correspond to flask
stand

10

17().

Beaker Stand: To hold eleven 50 ml beakers —
to fit multiple dispensing equipment (wood).

10

17(i).

Burette Stand with Clamps.

18.

Test Tube Stand: To hold eleven test tubes of
25 mm x 150mm, distance between test tubes
6.5 cm, overall height 16 cm (wood).

10

19.

Multiple dispensing equipment: With eleven
units each 50 ml, to fit 75 cm tray, distance
between flasks from center to center 6.5 cm,
width of tray 8 cm, distance from center of
outer flasks and end of tray 4.5 cm, overall
height of tray 12 cm.

20.

Multiple dispensing equipment: With eleven
units each 25 ml, to fit 75 cm tray, distance
between flasks from center to center 6.5 cm,
width of tray 8 cm, distance from centre of
outer flasks and end of tray 4.5 cm, overall
height of tray 12 cm.

21.

Multiple dispensing equipment: With eleven
units each 20 ml, to fit 75 cm tray, distance
between flasks from center to center 6.5 cm,
width of tray 8 cm, distance from center of
outer flasks and end of tray 4.5 cm overall,
height of tray 12 cm.

22.

Washing assembly: For washing glassware

used with multiple dispensing equipment, pipe
and jet made of PVC, combined unit for both
tap water washing and distilled water rinsing,
complete with brackets for mounting in sink.

23.

Scoops: For soil sampling, made of brass with

wooden handle. A set of five scoops to measure

19,250,5.0g,10gand 12.5 g of soil.

24,

Mortar and pestle: Heavy cast iron mortar or
porcelain mortar glazed outside only, size 160
mm dia with wooden rubber tipped pestle.

25().

Sieves: 20 cm diameter, 5 cm height having 2
mm round holes, preferably made of stainless
steel, complete with coverlid and receiver pan.
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25(ii). 1 mm with similar specifications 1
26. Trays: For drying soil samples, made of 18 100
gauge aluminium sheet, 22 cm x 22 cm x 8 cm.
27. Hot Plate: Rectangular 45 cm x 60 cm with 2
three position: Low, Medium and High, heavy
duty rotary switch, 1 KW to work on 220V,
50CY.
28. Kjeldahl assembly, both as digestion and 1
distillation set having a capacity to hold 6
round bottom flask of 300 ml capacity each
complete with condensor and connecting tubes.
Heating capacity of 500 watt of each heater.
29. Fume hood - digestion chamber to hold 1
Kjeldahl assembly of 6 sets.
30. Atomic Absorption Spectrophotometer (AAS) 1
Double beam with spare hollow cathode lamps
for zinc, copper, manganese and iron.
31. Muffle furnace with temperature 1 0@0+5°, 1
size of furnace 10 cm x 15 cm.
Chemicals
S.No. Chemical Estimated annual
requirement
1. Acetic Acid (glacial) 10 litres
2. Activated Charcoal — Darco G-60 10 kg.
3. Ammonium Ferrous Sulphate (CP) 100 kg
4, Ammonia Solution (CP) 10 litres
5. Ammonium Acetate (CP) 40 kg
6. Ammonium Bi-carbamate (AR) 1 kg
7. Ammonium Metavanadate 1 kg
8. Ammonium Molybdate (AR) 3 kg
9. Ammonium Vanadate 500 g
10. Ascorbic acid 100 g
11. Barium Chloride - CP and AR 1 kg each
12. Boric Acid (CP) 10 kg
13. Bromocresol Green 500 g
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14. Buffer Solutions (pH 4.0, 7.0, 9.2) 2 bottles each
15. Calcium Acetate (CP) 500 g
16. Calcium Carbonate (CP) 0.5 kg
17. Calcium Chloride (CP) 0.5 kg
18. Calcium Sulphate (CP) 500 g
19. Copper Sulphate (AR) 500 g
20. Copper Sulphate (CP) 1 kg
21. Di-phenyl amine indicator 100 g
22. Di-ethylene Triamine Pentaacetic 100 g
Acid
23. Digestion mixture containing 10 kg
Potassium Sulphate and Copper
Sulphate
24. Di-phenyl Amine Indicator 100 g
25. DTPA (AR) 2 kg
26. EDTA — disodium salt 1 kg
27. Eriochrome Black — T 5049
28. Ethyl Alcohol 5 litres
29. Ferrous Sulphate (AR) 500 g
30. Ferrous Sulphate (CP) 500 g
31. Filter paper, Whatman No.1 2500 sheets
(460 mm x 570 mm)
32. Gum Acacia 0.5 kg
33. Hydrochloric Acid (CP) 100 litres
34. Hydrogen Peroxide 5 litres.
35. Hydroxyl amine hydrochloride 1 kg
36. Magnesium Chloride (AR) 500 g
37. Manganese Sulphate (AR) 500 g
38. Manganese Chloride (CP) 1 kg
39. Methyl Orange 259
40. Methyl Red 25¢g
41. Methylene Blue 50g
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42. Mono-calcium Phosphate (AR) 500 g
43. Mureoxide Indicator 100 g
44. Nitric Acid (CP) 10 Lit.
45. Nitric acid AR 10 litres
46. Nitrophenol (CP) 500 g
47. Para-nitrophenol (CP) 1 kg
48. Perchloric Acid (CP) 10 litres
49. pH Indicator Papers (full pH range) 10 books
50. Phenolphthalein indicator 100 g
51. Phosphoric Acid (LR) 5 litres
52. Potassium Hydrogen Phosphate 500 g
(KH2POy) (AR)
53. Potassium Chloride (AR) 2 kg
54, Potassium Chromate (CP) 500 g
55. Potassium Dichromate (AR) 5 kg
56. Potassium Dihydrogen 500 g
Orthophosphate
57. Potassium Hydrogen Pthalate (AR) 5009
58. Potassium Permanganate (CP) 2 kg
59. Potassium Sulphate (AR) 1 kg
60. Salicylic Acid (CP) 1 kg
61. Silver Sulphate 1 kg
62. Sodium bi-carbonate (LR) 30 kg
63. Sodium Carbonate (AR) 500 g
64. Sodium Carbonate (CP) 1 kg.
65. Sodium Cyanide 100 g
66. Sodium diethyl dithiocarbamate 500 g
67. Sodium Fluoride (CP) 500 g
68. Sodium Hydroxide (CP) 50 kg
69. Sodium Thiosulphate (CP) 500 g
70. Stannous Chloride (AR) 500 g
71. Sucrose (AR) 500 g
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72. Sucrose (CP) 1 kg
73. Sulphuric Acid (conc/CP) 500 litres
74. Toluene 500 ml
75. Tri-ethanol Amine Granule(CP) 500 ¢
76. Tri-ethanol Amine 500 ml
77. Universal Indicator 100 ml
78. Whatman No.42; 110 mm 2 packets
79. Whatman No.44; 110 mm 2 packets
80. Zinc Sulphate (AR) 500 g
Glassware
S.No. Item Size/Specification Quantity
(Nos.)
1. Bottle 20 litres. 5
(Polyethylene)
2. Bottle 10 litres 5
(Polyethylene)
3. Bottle (Glass) for Glass stoppered
reagents with glass 125 ml 10
stoppers 250 ml 10
500 ml 20
1 000 ml 5
2 000 ml 5
4. Bottle (Glass), 250 ml 5
Amber 500 ml 5
5. Bottle 250 ml 6
(Polyethylene) — 500 ml 6
Wash bottle
6. (i) Burettes fitted with
screw thread
stopcocks
Graduation 10 mi 1
Interval (ml 25 ml 1
0.05 10 ml 1
0.05 25 ml 1
0.1
0.1
(i) Burette
(automatic)
(Mounted on
Reservoir) 25 ml 2
Graduation interval (ml) 50 ml 2
0.1l
0.1
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7. Cylinder (Glass)
graduated with an
interval of:
0.5 ml 10 mi 2
1mi 25 ml 2
2ml 50 ml 2
2ml 100 ml 2
5ml 500 ml 2
8. Crucible (Silica) 30 ml 10
9. Desiccator with Appx. I.D. of ground flange 2
as 200 mm
10. Dishes, evaporating flat bottom with pour out,
having outer diameter as 150 mm and height 20
as 80 mm
11. Water distilling unit, mounted with
borosilicate condenser, having a capacity 2
(output) to distill 2.5 litre/hour
12. Flask distilling/kjeldahl,
round bottom, long neck
Capacity : O.D. x height
(mm)
100 ml 64 x 210 12
250 ml 85 x 226 12
13. Flask (Conical)
(i) 100 ml cap., 64x105 mm (O.D. x height) 50
with approx. neck O.D. as 25 mm.
(i) 250 ml cap., 85x140 mm (O.D. x height) 50
with app. neck O.D. as 34 mm.
(i) 500 ml cap., 104x180 mm (O.D. x height) 10
with app. neck O.D. as 34 mm.
(iv) 1000 ml cap., 131x225 mm (O.D.x 10
height) with app. neck O.D. as 34 mm.
14. Flask (Volumetric)
Capacity fnl) Tolerance (x ml)
25 0.04 50
50 0.06 50
100 0.10 100
250 0.15 25
500 0.25 25
1000 0.40 10
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15. Funnel, Plain, 6tangle
Diameter
50 mm 20
65 mm 20
75 mm 20
100 mm 20
16. Pipettes (Measuring)
Capacity (ml) Graduation Tolerance
Interval (ml (= ml)
1.0 0.1 0.006 2
2.0 0.1 0.01 2
5.0 0.1 0.05 2
10.0 0.1 0.05 5
25.0 0.2 0.1 5
50.0 0.5 0.1 2
17. Porcelain Dish - 100, 150 mi 6 each
18. Test Tube
App. O.D. x Height (mm)
12x 10 60
15x 125 60
18 x 150 60
19. Watch Glass
App. Diametei(mm)
100 60
120 60
20. Rubber Stopper
15, 18, 20, 25, 30 mm diameter 12 each
21. Spatula (stainless) with wooden handle, blade
length 100 mm 12
22. Wire gauge with asbestos center 150 x 15 20
Omm

Note: 20% glassware may need annual replacement duea&dge or changed
requirement.
O.D. = outer diameter
[.D. = internal diameter

e When Boron is required to be estimated, the borea §lass wares may
be used. Commonly required glass wares include drsakflasks,
pipettes, funnels and water distilling sets. Gelheranarketed glass
wares are made of borosilicate which contains srafdoron, hence not
suitable for boron estimation.
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Annexure 6A

Specifications of heavy duty auto analytical instrments

1. Atomic Absorption Spectro Photometer

Computer controlled true double beam Atomic Absorpt
spectrophotometer.

Eight Lamp automatic turret with independent eigbiver supplies
with coded lamp compatible.

Monochromator with Wavelength range 190-900 nm.ogphic
grating of high density of not less than 1800 limes.

Must have wavelength locating by automatic peakcésag, auto
loading of all parameters and auto bandwidth selectand
continuously variable selection 0.2-2.0 nm wili2 lamp
background correction.

Titanium burners for C2H2 — N20 & C2H2 — AIR withregise
knobs for burner optimization i.e. height, rotatdband lateral.

Fully inert nebulizer.

Gas system with automatic flame changeover, fulttgainterlock
including pressure sensors on both lines, powedur&iprotection,
burner interlock and flame sensor, flame ignitiohodd be
automatic.

Burner movement thorough computer, all three dioeet, height,
rotation, lateral.

PTFE spray chamber and adjustable impact beadaeros

PC operating software should be able to run with WiBdows /
Open Source Software should be compliance withrnateéonal
guality norms and should have upgradeable facility.

Suitable computer system ISO certified and pringéiould be
quoted. The system may also be upgraded with ajom
accessories. Suitable for 230 V : 50/60 Hz opemnati

Single element coded Hollow Cathode lamps : Cu,ZreMn.,Mg,
B,K,Mo.

Hydride \apor generation system for Arsenic, Sellenium & Meycu
cold vapour upto ppb level.

System should have facilities of repeat of restikaone sample and
date treatment. Automatic calculation of perceatdg base
material.

Accessories

Acetylene and Nitrous Oxide cylinder with regulatoair
compressor, air filter, voltage stabilizer sparad aonsumables for
2 years operations. SS Exhaust Fume Hood with sesntrifugal
blower, Instruction manual & Circuit diagram to jp@vided.
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2.

Spectrophotometer -  Micro-Processor Bad€ Visible Range )

Wavelength . At least 340-960 nm (Visible Range) seU
Selectable

Resolution : 0.2nm

Accuracy . £ 1nm

Repeatability : £0.5nm

Bandwidth ©<2nm

Measuring Mode : % Transmittance (% T ), Absorbanc(ABS )

Concentration ( CONC ) by K <t and
Multi-standards

Operating Modes : Single Wavelength : measuring % T, ABSE a

CONC, Spectrum Scan measuring % T and

ABS Timeadg measuring % T and ABS

Source : Tungsten Halogen Lamp

POWER : 230V £ 10 %0/ 60 Hz

Standard Accessories : 10 nm path length Four ( 4ravettes

matched within + 0.3%

Inductively Coupled Plasma SpectrometerICP)

e Inductivity coupled Plasma Spectrometer (ICP) wigh efficiency
emission optical system having wave length randgiogy 160-900
nm. capable of plasma viewing and read signals fomth axial
and radial view through high resolution Mega Pixéharge
Injection Device Detector ( CID) or CCD Detectoevice. RF
power 1500-1700 W. Mainly required for detectidrat elements
such as, N, P, K, Ca, Mg, S, Mn,Fe,Zn,B,Mo,Co, IAg,Ni,Pb etc.
in soil samples and chemical fertilizer samplesovi@ed with fully
web integrated ICP software having full PC contblinstrument
settings and compatible accessories.

e Supplied with standard accessories such as, sthndample

introduction kit, gas control and RF generatorharmmel peristaltic
pump, water re-circulating chillar and vapour gatien assembly,
fume hood, argon gas cylinder, double stage pressegulator,
10KVA on line UPS, computer printer and multi-elethstandards.

Continuous Flow Analyzers/Auto Analyzers

e The analyzer should be based on continuous flow ait bubble

segmentation system, using traditional methods ralyais with
photometric detection. The instrument should h#dwee main
components.

0 Auto-sampler

o0 Chemistry module with detectors
o Data handling and programming system
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The instrument should be capable of analyzing fparameters
simultaneously with independent flow system, cheinicdiluents
addition / colour development and detectors fittedtwo twin

detector modules or in four independent detectioduttes. Facility
to add other detectors like IR, UV & Flame photoenet

Although, initially four parameters can be analyzgtultaneously
but the system should be upgraded to analyze maranpeters
sequentially or simultaneously.

Auto Sampler : Sampler to introduce to liquid sample to the
analytical modules should be random access samtker100 or
more sample cups. Built in rinsing pump to be pted for easy
maintenance. To be operated by software. Sampkhwand air
time setting to be provided.

Chemistry module holder: Each parameter should have separate
module with all components of analysis, for autamanalysis.
Flow cell and filter to be part of the module. Ti@wv cell should

be protected in such a way that external light de#snterfere with
the accuracy of analysis. Flame photometer shioelgrovided for
Potassium measurement as well.

Detector : All the four detector placed simultaneously shobéd
capable of measuring four elements simultaneously.

Parameters to be analyzed :Nitrogen, Carbon, Phosphate,
Potassium, Boron, Sulphur, Zinc, Mg., Fe, MolybdanCalcium,
Copper, Mn.

Software : Easy to use windows based software and suitabl& PC
Printer to be provided.

Speed of measuring NPK and 5 other elements as algov200
per day or higher.

Note: ICP and CFA may be provided only in one |abory in the
State, designate this laboratory as a Central and® Laboratory
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Annexure- 6B
Automation of Analytical Procedures

In view of the accepted importance of analysisyeéhhas been a tremendous
increase in the work load on soil, plant and wagsting laboratories in the recent
years. The analytical methods must be speeded rqugh the automation of
instruments. Fortunately, almost all instrumentstam either in-built computers or
can directly interface with microprocessors greasiyplifying the instrument
operation and providing versatility for the analystost of the operations can be
made through keyboard commands. This type of ingnt automation allows higher
working speed, lower man-hour requirements, addedsistency and accuracy,
flexible and extensive data processing, various e@soof display and potential for
unattended measurements. Instrumental methods vdaiohbe atomised relatively
easily are atomic absorptions spectrometry (AAS)ductively coupled plasma
emission spectrometry (ICP), mass spectrometry (M@pr infrared reflectance
spectrometry (NIR), ion chromatography (IC) andattesser extent, electrochemical
methods. In combination with the above techniqaestinuous flow analysis (CFA)
and flow injection analysis (FIA) are often usedductively coupled plasma (ICP)
emission spectrophotometer cannot be operated wtitive use of microprocessors.
The microprocessor with the help of software all@usomatic sampling, setting of
instrument operating parameters, calibration, teswhluation, data storage and
retrieval, data transfer, etc. required for the rapen of the instrument for the
analysis of a particular element.

Apart from the instrument automation, entire latory operation from
sample preparation to calculating and reportingafcentration of analyte can be
automised with the help of robotic systems, whicé available and continuously
being developed. The type of robot that may workt ke a soil testing laboratory
may be one that travels on the track, the lengthtoth can be essentially unlimited
(Munter 1990).

Through the use of laboratory information managensystem (LIMS) the
automatic control of the functioning of the systempmputations and data
management can be carried out much efficiently.tr8kov (1998) developed an
automated work station for soil analysis.

Methods and use of some multi-element analysingyhdaty, most modern
equipment are discussed below. Each equipmentrhaperational manual supplied
by the manufacturers and may be useful for referenc

1. Autoanalysers

The autoanalyzers are extremely versatile and taddad instruments used
for automatic chemical analysis of soil, plant, eaand fertilizer samples. These
systems are mainly of two types i.e. continuousvflanalyzer (CFA) and flow
injection analyser (FIA). These are designed tcerofbutomatic simulation of
operations used in manual procedures for the estimaf an element on a conveyer
belt principle. Usually the same reagents are useahalysis using autoanalysers,
which are used in manual assays.
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Principle

In the autoanalyzers, based on continuous flowyaisa(CFA) mechanism,
the samples are loaded into cups or test tubeh@rsampler. The samples and a
number of streams of reagents are made to flow snemmodule to the next through
plastic or glass tubings by the action of multipf&nnel peristaltic pumps operating
continuously. Each module automatically performsdifferent function in the
analysis. Air bubbles are added to the flowing winedl stream to segment the
streams of samples and reagents (Feredia. 1998). The samples and reagents are
brought together under controlled conditions in mhiging coils that are part of the
manifold, causing a chemical reaction that prodwcdsur.

The flow injection analysis (FIA) system is similto the continuous flow
analysis (CFA) in its modules, however, there isairctsegmentation and the sample
is rapidly injected into the carrier stream viaigjection valve or syringe as a “plug”.

Procedure

1. Prepare working standards of required concentratioragents and carrier
solutions.

2. Switch on the sampler, analyser and spectrophotrmeatid allow at least 30
minutes to warm-up.

3. Set the wavelength, gain factor, pump times, imgecvalve cycle and plotting
parameter, etc. through keyboard commands of thalules as per the
requirement of the analysis. If instrument is ifaeed with microprocessor, the
above parameters may automatically be set by tfailiehoice.

4. Place blank, working standards and samples in oupsst tubes on circular tray
of sampler in proper sequence.

5. Place the carrier and reagent solution bottle enhtbider.

6. Loosen the tube holders of the pumps and inseriptimp tubes. Except one,
connect aspiration ends of all the pump tubes tmttle containing degassed
water. Then press ends of all the pump tubes exgeptvhich is connected to the
manifold (chemifold). Connect the aspiration endtlod remaining pump tube
with injection valve outlet and its press end te wmaste tube.

7. Attach the pump tube holders and release the tensyoturning the tension

screws counter-clockwise.

Lubricate the pump tubes and the rollers with allsamaount of silicon oil.

Assemble the manifold (chemifold) as per the resaignt of the procedure and

flow diagram. The reaction coils and tubes used/émious connections should be

strictly according to the prescribed colour code.

10.Connect the inlet stream of the flow cell to thenif@d and out stream to the
waste bottle.

11.Check the flow pattern of carrier stream by runnilng pumps. Apply sufficient
pressure on pump tube holders by turning the tenstews clockwise until
liquid starts flowing through the pump tubes. Irseaf any leakage, stop the
pump and correct it.

12. After checking the flow pattern, remove the aspiratend of pump tube from
degassed water bottle and connect it to the caaner reagent solution bottles

© ©
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according to the requirement of the method (sedicgtipn note). Now the
instrument is ready for actual run.

13.Start the pumps and set the baseline-zero from kbgboard on the
spectrophotometer by injecting the blank. Thentheninstrument for calibration
and sample analysis.

14.Generate a calibration curve by recording absomdmm the display of the
recorder of a series of standard solutions of a&iregy concentrations. From the
absorbance of the test solution, find out the cotreéon using the calibration
curve. In case of microprocessor interfaced insémisy the sample peaks are
automatically compared to the calibration curveralfieing corrected for baseline
and sensitivity drift and the results are displagadhe monitor screen.

15.1n case the instrument shows signs of ‘over’ ordgyr then dilute the samples
considering the observed absorbance of the sampléad the sample again.

Switching off
1. Before closing down, operate the instrument usiegadsed distilled
water from all the channels until the detector negdeturns to zero.
2. Loosen the pump tube holders immediately afteatiadysis.
3. Switch off the instrument in the following ordespectrophotometer,
analyser, sampler and computer.

Precautions

e Never use any component of the instrument if iniseed of adjustment and/or
repair.

e Always keep the equipment clean. It is importantctean the sampler and
manifold immediately after the analysis is over.

e Clean the rollers and the pump tube holders evesgtim Lubricate the rollers
and the pump tube holders with silicon oil regylarl

e Replace the flattened and dirty pump tubes. Whidmginew pump tubes care
should be taken for the change of flow rate.

e Use all the tubings of prescribed diameter or cotmde for a particular method
as given in the operational manual.

e Check all the tubings before use for clogging ef plassage.

e Develop different manifold (chemifold) units forfidirent analytical methods to
avoid sample contamination.

e Use solvent resistant manifold for organic solveNsver use organic solvent on
plexiglass manifold, not even for cleaning of stain

e Regularly check the manifold bores for plugging.eUs nylon wire or steel to
remove solid particles.

e It is important that the external walls of the fla&ll are kept absolutely clean.
Finger prints, grease, etc. can be removed usisgei paper soaked with acetone
or absolute ethanol.

e Care should be taken in handling cadmium duringirool preparation as it is
toxic.

179



Atomic absorption spectrophotometer

Principle

In the analysis employing Atomic Absorption Speptrotometer (AAS) the

sample in the form of a homogeneous liquid is a$ed into a flame where “free”
atoms of the element to be analysed are creatéght®source (hollow cathode lamp)
is used to excite the free atoms formed in the dlaby the absorption of the
electromagnetic radiation. The decrease in enealpsqrption) is then measured
which follows the Lambert-Beer law, i.e. the absorte is proportional to the
number of free atoms in the ground state (BakerSarid, 1982).

Preparation of standards and sample solutions

a.

Prepare stock standards in concentrations of 1 r@@0itre from pure
metal wire, granules, foil, metal oxides or otheitable primary standard
compounds of the elements.

Prepare a blank sample by using the same reagenisea for standard
samples but without the elements intended to bmatsd.

Free the sample solution from interfering elememd suspended solids,
which may cause clogging of the nebulizer.

Adjust both standards and unknowns to a conceotratinge, which is
compatible with the analytical range of the instemn It should
preferably be at least 5 to 10 times the detediion of the instrument.

Instrument operation

1.

© N

Check the instrument for the proper fitting of #ie tubings, required type of
burner (air-acetylene or nitrous oxide — acetyleaedl hollow cathode lamps
(HCL).

Fill the liquid trap with the solvent to be used foe analysis.

Align the hollow cathode lamp of the element tcalpalysed with the optical path
of the instrument by rotating the lamp turret.

Switch on the instrument and allow at least 30 rt@adior warming up.

Switch on the deuterium lamp for background coroectwhich is generally
required when the wavelength of the resonanceolirike element is less than 250
nm.

Use lamp current recommended by the lamp manufectur

Select the desirable wavelength and the bandpakh wi slit width.

Optimize burner position by using vertical, horitnand rotational adjustment
knob until the burner slot is aligned with the beand is just below the position
from whre it starts blocking the light path.

Switch on the compressor to get air supply in ads@r-acetylene flame. If O-
acetylene flame is used turn on theONsupply cylinder. Select air with the
support selector knob. Adjust the support flow)(edading between 6 and 9 flow
units.
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10.If nitrous oxide-acetylene flame is used then fgsite an air-acetylene flame and
then change over to a nitrous oxide-acetylene flame

11.Turn on the gas supply from cylinder followed byelfgontrol knob of the
instrument and light the flame.

12. Adjust the fuel control (acetylene) and supporttoar(air or nitrous oxide) knobs
to produce required kind of flame of air-acetyleme nitrous oxide-acetylene
flame.

13.Set the instrument to zero by means of the “zemwitrol against a reagent
“blank” solution.

14.Aspirate a standard (or sample) and optimize fmdtjant and sample flow rates
by adjusting fuel knob, fuel support knob and nedeulso that a maximum signal
(absorbance) is achieved.

15.Prepare calibration curve by recording absorbantea cseries of working
standards. The calibration must be done for eachf smalysis.

16.In case the instrument shows a sign of ‘over’ arge then dilute the samples
depending on the absorbance of the sample andleeshmple again.

17.1f the instrument has been used in higher conceotraange then operate the
instrument using distilled water until the readimegurns to zero, before closing
down.

Switching off

1. Turn off the gas from the cylinder.

2. Wait for extinction of the flame and then turn gfé fuel control knob.

3. Turn off the air compressor and fuel support knob.

4. The shut-down sequence for a nitrous oxide-acetylame involves first
changing over to an air-acetylene flame and théinguishing it.

5. Switch off the instrument.

Precaution

e Acetylene cylinders should always be used in aicarposition to prevent liquid
acetone entering the gas line.

e Acetylene cylinders should not be run at a preskwer than 500kPa (70 PSI).
Never operate acetylene lines above 100 kPa (15. P8I higher pressure
acetylene can spontaneously decompose or explode.

e Never run the nitrous oxide-acetylene flame withioed feather’ visible, or with
less than 5 flow units of acetylene.

e Do not leave uncovered containers of the volatitganic solvents near the

uncovered flame.

Do not look at flame without the aid of safety glas or the flame shield.

Do not leave the flame completely unattended.

Do not ignite the flame if the air flow is belowfléw units.

Do not adjust the air (or J0) and gas supply to alter the sensitivity of the

instrument after the calibration of the instrument.
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3. Inductively coupled plasma-atomic emission spectszopy (ICP-AES)

A new analytical technique called inductively ctagp plasma atomic
emission spectroscopy (ICP-AES) has been used ifoulteaneous multi element
analysis of biological materials and soils. Thishi@que offers advantages over AAS
and other multi-element methods because matrix lpnod are eliminated or
minimized through use of the high temperature arg@sma. Apart from multi-
element capability at all concentration levelsspilas are noted for relative freedom
from chemical and ionization interferences that@mmon with AAS, and detection
limits are equal to or better than AAS, dependimgtioe element to be analysed.
Elements such as Al, P, S and B, which are eithmorlp measured at low
concentrations or not possible by AAS, are readidtermined with higher sensitivity
by ICP-AES.

Principle

ICP-AES is based on the observation of atomic eaonisspectra when samples in the
form of an aerosol, thermally generated vapour owger are injected into an

inductively coupled plasma atomization and exatasource. By definition, plasma
refers to a hot gas in which a significant fractioihtheir atoms or molecules is

ionized. Plasmas are electrically conducted ance Haeen referred to as electrical
flames, as no combustion takes place. This is lsecastruments using a plasma
source generally use inert argon gas.

The ICP is produced by passing initially ionizedan gas through a quartz
torch located within an induction coil (Cu coil) igh is connected to a radio
frequency (RF) generator. The ratio frequency geoeproduces 1.5 to 3 KW power
at a frequency of 27.1 MHz. An oscillating magnéigtd is formed within the quartz
torch in response to the radio frequency energgipgshrough the coil. Electrons
and ions passing through the oscillating electramtg field flow at high
acceleration rates within the quartz torch space.afgon gas enters the magnetic
field associated with the induction coil, its atoondlide with the accelerated ions and
electrons resulting in the ionization of the arggas. These collisions give rise to
ohmic heating, which produces plasma with tempegatanging from 6 000 to
10 000 K.  The resultant plasma is contained iwithe torch by means of argon
flow.

The method of presenting the sample to the plasnsanilar to that used in
flame atomic absorption. The liquid sample is adpn into the plasma through a
nebulizer system by using argon carrier gas ateaohabout 1 litre argon/minute.
The prevailing high temperature in the plasma leadsomplete vaporiozation,
atomisation and excitation of the element to bdyasea. The exited neutral atoms or
ions of the sample emit radiation of characterssti@velengths with the intensity of
the emitted radiation is measured by the spectriopheter component of the ICP-
AES instrument.

Preparation of soil and plant samples

Digestion of soil and plant samples for total edeal analysis by ICP-AES is
similar to that used for various emission instrutseftJniversal/multi-element soil
extractants are used for the extraction of soilgam Recently, acidified AB-DTPA
and Mehlich No.1 extracts have been analysed byAEB (Soltanpouet al, 1998).
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Preparation of standard solution

Procedure for the preparation of stock standafdtisa containing 1 000
mg/litre of an element from pure metal wire or able compounds of the element is
similar to that described for AAS. However, mukiglent working standard solutions
(secondary standards) should be made in such athvedythese contain maximum
number of the elements compatible with stabilitysiderations and match with the
sample solutions in kind and strength of acidssdit and plant analysis, one set of
secondary standards is required for each multiei¢eracting solution, and one for
each soil and plant digest. McQuakeel.(1979) devised a calibration scheme for 30
elements that satisfies the needs of analysts edgay soil, water, tissue, and
particulate matter analysis.

Instrument operation

The general principles that allow the determimatd the optimum analytical
conditions for the operation of ICP-AES are simtlathat for AAS. Microprocessors
are used for the automatic control of instrumemhgonents, set up and optimization
of required operational parameters, instrumentbcatiion, and manipulation and
storage of data through key commands. Since thealoperation of different ICP
spectrometers varies with the type, make and coenmgftware of the instrument,
operation manual provided by manufacturers of tisériiments should be consulted.
Usually, when ICP spectrophotometer is purchasede tconcerned
manufacturers/dealers provide required training the analysts on operation
procedures.

Precautions

e Filter soil extracts, and soil and plant tissueedig with Whatman No.42 filter
paper to prevent clogging of the nebulizer.

e To prevent clogging of the nebulizer tip, eithee lsgh salt nebulizer (Babington
type) or standards and samples having very lowcsaitent.

e Avoid mixing of chemicals that cause precipitatidaring the preparation of
multi-element working standard solutions.

Bibliography referred for Auto Analysis
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quick tissue test. IBetter Crops with Plant Foodmerican Potash Institute.

Stanford M. (ed.) 1968. Plant testing. Better Crops with Plant FoodAmerican
Potash Institute.

Van Scoyoc, G.E., Beck, R.H. and Ahlrichs, J.L. 49Zaboratory Manual,Simple
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Floor plan of Soil and Water Analysis laboratory

Approx. area = 50’ x 50’ = 2500 sq. ft.

Annexure 7
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Annexure 8
Grades of Chemicals and Glasswares

Grades of Chemicals

Grade Purity Notes
Technical or Indeterminate May be used in preparation of cleaning
commercial quality solution only..
CP (Chemically More refined, For general chemical use where very
Pure) but still high purity is not required. It is also used
unknown in training and for laboratory practice.
quality
SP (Specially Meets minimum Conforms to tolerance set by the United
Pure) purity standards States Pharmacopoeia for contaminants
dangerous to health.
AR (Analytical High purity Conforms to minimum specifications set
Reagent) by the Reagent Chemicals Committee of
the American Chemical Society.
Primary standard Highest purity Required for actuv@lumetric

analysis (for standard solutions).
Composition of primary standards does
not undergo change. Sodium carbonate
and borax are primary standards of
bases. Potassium hydrogen pthalate is
used as primary standard acid.

Tolerances for Volumetric Glasswares, Class A

Tolerances, ml

Capacity, ml . Volumetric Transfer Burettes
(Less than and Including) Flasks Pipettes

1000 +0.30 - -

500 +0.15 - -

100 +0.08 +0.08 +0.10

50 +0.05 +0.05 +0.05

25 +0.03 +0.03 +0.03

10 +0.02 +0.02 +0.02

5 +0.02 +0.01 +0.01

2 - +0.006 -
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Annexure-9

Equivalent and molecular weights of some importantompounds needed in chemical

analysis

Compound Formula Mol.wt. Eq.wt.(9)
9)

Ammonium acetate CICOONH, 77.08 77.08
Ammonium chloride NHECI 53.49 53.49
Ammonium fluoride NHF 37.04 37.04
Ammonium nitrate NENO; 80.04 80.04
Barium chloride BaGl2H,0 244.28 122.14
Boric acid HBO3 61.83 20.61
Calcium acetate (C4£00)%Ca 158.00 79.00
Calcium Carbonate CaGoO 100.09 50.05
Calcium chloride CaCb.2H,0 147.02 73.51
(dihydrate)
Calcium hydroxide Ca(OH) 74.00 37.00
Calcium nitrate Ca(Ng). 164.00 82.00
Calcium sulphate CaSQH,0O 172.17 86.08
Ferrous ammonium (NH4)2SOy.FeSQ.6H,0 392.13 392.13
sulphate
Ferrous sulphate FeS@H,O 278.01 139.00
Magnesium chloride MgGleH,O 203.30 101.65
Magnesium nitrate Mg(N§),.6H,O 256.41 128.20
Potassium chloride KCI 74.55 74.55
Potassium dichromate KOy 294.19 49.04
Potassium hydroxide KOH 56.10 56.10
Potassium KmnQOy 158.03 31.60
permanganate
Potassium nitrate KN 101.10 101.10
Potassium sulphate 2BOy 174.27 87.13
Potassium hydrogen COOH GHg COOK 204.22 204.22
phthalate
Oxalic acid GH20,4.2H,0 126.00 63.00
Silver nitrate AgNQ 169.87 169.87
Sodium acetate CH3;COONa 82.04 82.04
(Anhydrous)
Sodium bicarbonate NaHGO 84.01 84.01
Sodium carbonate NaO; 106.00 53.00
Sodium chloride NacCl 58.45 58.45
Sodium hydroxide NaOH 40.00 40.00
Sodium nitrate NaN© 84.99 84.99
Sodium oxalate N&,0, 134.00 67.00
Sodium sulphate NSO, 142.04 71.02
Sodium thiosulphate N&03.5H,0 248.18 248.18
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Sample No.

Soil Sample Information Sheet

Name of Sample Collector

Annexure-10

Address Date
Area Location
Name of Farmer Farm Size

Vegetative Cover

Source of Water

Water Quality

Sample Depth

Previous Crop

Purpose of Analysis: 0
0
0
0
Irrigation Method: O
0
0
0
0
Years of Cultivation: [
0
0
0

Manure used in the previous crop and dose

Fertilizers used in the previous crop and dose

Land Capability Assessment

Fertility Evaluation and Fert. Recommendation [
Salinity Appraisal and causes of the source of [J

salinity, if known
Soil Classification

Flood
Furrow
Sprinkler
Drip
Rainfed

Years of Irrigation:

Never Cultivated
1-5 vyears
5-15 years
>15 years

Drainage:

O
O

Slope:0 1-2%

2-5%
5-10%

10-25%
> 25%

Never Irrigated
1-5
5-15

Good
Moderate
Poor
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Annexure-11

Colour changes due to pH change in the presencepil indicators®

pH indicators

pH transition intervals

Name Colour pH pH dalour

Cersol red Pink 0.2 1.8 Yellow
m-Cresol purple Red 1.2 2.8 Yellow
Thymol blue Red 1.2 2.8 Yellow
2,4-Dinitrophenol Colourless 2.8 4.7 Yellow
Bromochlorophenol blue  Yellow 3.0 4.6 Purple
Bromophenol blue Yellow 3.0 4.6 Purple

Methyl orange Red 3.1 4.4 Yellow-orange
Bromocresol green Yellow 3.8 54 Blue
2,5-Dinitrophenol Colourless 4.0 5.8 Yellow
Methyl red Red 4.4 6.2 Yellow-orange
Chlorophenol red Yellow 4.8 6.4 Purple

Litmus extra pure Red 5.0 8.0 Blue
Bromophenol red Orange-yellow 5.2 6.8 Purple
Bromocresol purple Yellow 52 6.8 Purple
4-Nitrophenol Colourless 54 7.5 Yellow
Bromoxylenol blue Yellow 5.7 7.4 Blue
Bromothymol blue Yellow 6.0 7.6 Blue

Phenol red Yellow 6.4 8.2 Red
3-Nitrophenol Colourless 6.6 8.6 Yellow-orange
Cresol red Orange 7.0 8.8 Purple
1-Naphtholphthalein Brownish 7.1 8.3 Blue-green
Thymol blue Yellow 8.0 9.6 Blue
Phenolphthalein Colourless 8.2 9.8 Red-violet
Thymolphthalein Colourless 9.3 10.5 Blue

! Adapted from pH Indicators, E. Merck and Co.

188



Annexure-12

Interchangeable Conversion Factors for different Uits of Measurements

Units and conversion factors

To convert To convert
Column 1 into Column 1 Column 2 Column 2 into

Column 2, Sl Unit Non-SI Unit Column 1

multiply by multiply by

Area
2.47 hectare, ha acre 0.405
247 square kilometer, Knf10* my* acre 4.05% 10°
0.386 square kilometer, Knil0> m)? square mile, i 2.590
2.47x 10* square meter, m acre 4.05x10°
10.76 square meter,’m square foot, ft 9.29x 10°
1.55x 10° square millimeter, mi(10° my square inch, i 645
Volume
9.73x 10° cubic meter, m acre-inch 102.8
35.3 cubic meter, fn cubic foot, ff 2.83x 1072
6.10x 10" cubic meter, cubic inch, id 1.64x 10°
1.057 litre, L (16 m®) quart (liquid), gt 0.946
3.53x 10° litre, L (10° m°) cubic foot, ff 28.3
0.265 litre, L (1G m°) gallon 3.78
33.78 litre, L (1C m°) pint (fluid), pt 0.473
Mass
2.20x 10° gram, g (10 kg) pound, b 454
3.52x 102 gram, g (10 kg) ounce (avdp), oz 28.4
2.205 kilogram, kg pound, Ib 0.454
0.01 kilogram, kg quintal (metric), q 100
1.10x 10° kilogram, kg ton (2000 Ib), ton 907
1.102 megagram, Mg (tonne) ton (U.S.), ton 0.907
1.102 tonne, t ton (U.S.), ton 0.907
Length
0.621 kilometer, km (10om) mile 1.609
1.094 meter, m yard, yd 0.914
3.28 meter, m foot, ft 0.304
3.94x 10° millimeter, mm (10° m) inch, in 25.4
10 nanometer, nm (am) angstrom, & 0.1
Yield and Rate

0.893 kilogram per hectare, kgha pound per acre, Ib acte 1.12
7.77x 10? kilogram per cubic meter, kgfn pound per bushel, Ib Bu 12.87
1.49x 102 kilogram per hectare, kg fia bushel per acre, 60 Ib 67.19
1.59x 107 kilogram per hectare, kg ia bushel per acre, 56 Ib 62.71
1.86x 107 kilogram per hectare, kg fia bushel per acre, 48 Ib 53.75
0.107 liter per hectare, L Ha gallon per acre 9.35
893 tonnes per hectare, tha pound per acre, Ib acte 1.12x 10°
893 megagram per hectare, Mg‘ha pound per acre, Ib acte 1.12x 10°
0.446 megagram per hectare, Mg'ha ton (2000 Ib) per acre, ton acre 2.24
2.24 meter per second, M s mile per hour 0.447
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Pressure

9.90 megapascal, MPa (1Pa) atmosphere 0.101
10 megapascal, MPa (1Ba) bar 0.1
1.00 megagram per cubic meter, Mg m gram per cubic centimeter, g €m 1.00
2.09x 102 pascal, Pa pound per square foot, T ft 47.9
1.45x 10* pascal, Pa pound per square inch, b in 6.90x 10°
Temperature
1.00 (K-273) Kelvin, K Celsius, °C 1.00 (°C + 373
(9/5°C) +32 Celsius, °C Fahrenheit, °F 5/9 (32}
Water Measurement
9.73x 10° cubic meter, acre-inches, acre-in 102.8
9.81x 10° cubic meter per hour, in* cubic feet per second?f* 101.9
4.40 cubic meter per hour 2’ U.S. gallons per minutes, gal ifin ~ 0.227
8.11 hectare-meters, ha-m acre-feet, acre-ft 0.123
97.28 hectare-meters, ha-m acre-inches, acre-in 1.03x 10
8.1x 10? hectare-centimeters, ha-cm acre-feet, acre-ft 12.33
Concentrations
1 centimole per kilogram, cmol Rg milliequivalents per 100 grams, 1
(ion exchange capacity) meq 100 ¢
0.1 gram per kilogram, g Kg percent, % 10
1 milligram per kilogram, mg kg parts per million, ppm 1
Plant Nutrient Conversion
Element Oxide
2.29 P ROs 0.437
1.20 K KO 0.830
1.39 Ca CaO 0.715
1.66 Mg MgO 0.602
1.216 N NH 0.777
4.426 N NQ 0.226
6.25 N Protein 0.160
3.00 S SQ 0.330
2.5 S SQ 0.440
1.724 Organic C Organic Matter 0.580

Source : Motsara and Roy (2008) FAO Fertilizer BRiaht Nutrition Bulletin, 19
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Annexure-13
Soil Health Card

Name of the
Farmer

Father's Name

Village

Block, District

and State

Date of Receipt
of soil sample in
the lab

Khasra No. of
Field

Soil Type: Sandy/Loam/Clayey/Sandy / loam/Clay Laa

Sall Nutrient

Status:

Nitrogen : L M H

Phosphorous: L M H

Potassium: L M H

Micro-nutrient Zn /Cu /Mn /B /Mo [Fe IS

Deficient

Sufficient Zn /Cu /Mn /B /Mo [Fe IS

Soil Alkalinity : Less than critical level /  More than critichlevel
( does not require / require amendaemt )

Soil Salinity Less than critical level /  More than critichlevel
( does not require / require amendemt )

Soil Acidity Less than critical level /  More than critichlevel

( does not require [  requires limon)
General / overall e The soil is sandy / loam / clay loam............... in nature.
comments on soil ¢ Has low /medium /high nitrogen content and low / mgium / high
fertility in phosphorous and ....... in potash.

e Among micro-nutrients, zinc/Cu ........ content is low

Soilis / is not saline/ alkali/ acidic in nature

The soil can support good crop growth with moderateuse of
fertilizers / organic manures, and with the applicéion of gypsum /
lime.

Overall fertility level can be categorized as low medium/ high

Signature of Incharge of Lab with seal :

...Contd..2/-
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-2-

Soil Analysis Report

SN Lab

Sample

Khasra
No.

Year

Date of
soil
sample
collection

pH

Available
P205 (Kg/ha

EC | OrgCarbon
(%)

L M H|{L MH

Available
K20(Kg/ha)

L M H

Micro
nutrient

L M
Zn
Cu
Mn

Mo
Fe

Gypsum
Reqr.
(T/ha)

Lime
Reqr
(T/ha)

Recommendation

Apply Nutrient ( Kg/ha)

Conversion factfor major
fertilizers

N kg/ha ................ 1 kg Nin 2.2 kg urea
1 kg N in 5.0 kg Amn.Sulphate
1kg Nin 4.0 kg CAN
P205 kg/ha ............ 1 kg P205 in 6.25 kg SSP
1 kg P205 + 2.5kg Nin 5.5 kg DAP
K20 kg/ha ............. 1 kg K20 in 1.6 kg MOP
Micronutrients ( kg/ha) 1kgN+1kgP205in5kg20:20:0
Zn ......... 1kgN+1kgP205in 4.4 kg 23:23:0
Cu.......... 1kg N+ 1 kg P205 + 1 kg K20 in 6.6 kg 15: 1515
Mn.......... 1kgN+1kgP205 +1kgK20 in6kg17:17:17
B......... 1kg N+ 1kgP205 + 1 kg K20 in5.2 kg 19: 1919
Mo.........
Fe..........
S

Organic Manure ( T/ha)
Gypsum ( T/ha)
Lime (T/ha)

1 ton compost =5 Kg N, 7 kg P205, 10 kg K20
1 ton vermi compost = 10 kg N, 10 kg P205, 10 kg K2

192




Annexure-14

Details of Instrument, Apparatus, Reagents, suppoimg and miscellaneous items required
during field trip of a Mobile Lab.

A. Scientific Equipment and Chemicals :

1. For Organic Carbon (Colorimetric) Estimation

(i)

(ii)

(iif)

(iv)

Apparatus:

Colorimeter with 660 my. red filter or a speptiotometer 1
Centrifuge .. . .. .. 1
Centrifuge tubes in stands . .. 001
Conical flasks glass, 100 ml. in stands .. 110
Sampling spoon, 1 gm

Spatula

Automatic pipette 10 mI

Tilt measure 20 ml.

Measuring cylinder 25 ml.

Polythene bottle 4 litre ..

Polythene W.M. bottle 250 ml.

Empty glass bottles 2% litre

Porcelain tiles 6 x 6™

Screw clip

PhyoRrRrRRPEL

Chemicals required for 2,000 samples :

Sulphuric Acid Conc. C.P. .. Cee 40 litres
Potassium Dichromate A.R. .. .. .. 2x500gm.
Silver Sulphate . e 500 gm.
Sucrose (A.R. quality) . ce 50 gm.

Soil sample measure:
1 gm. sample each in 100 ml glass conical flasksask racks.

Reagents:

(1) KCrO
e Solid chemical to be carried in 250 ml. polytheoétles.
4 x 49.04 gm. in each bottle.

e Standard 1N solution (49.04 gm. in one litre waterlpe carried in 4
litre polythene bottle. Dispense through 10 mloauatic pipette.

(2) HSO
Carry in jars mounted in crates.
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Carry also two empty Winchester bottles for disging.
Dispense with 20 ml. tilt measure or 25 ml. cgkr.

2. For pH and Conductivity
0] Apparatus:

pH meter with electrodes . .. .. 1
Conductivity bridge with cell .. 1
Polyathene beakers 50 ml. in beaker stands 110
Automatic dispenser 20 ml. or tilt measure

20 ml. ) . .. . 1
Measuring spoon 10 gm - o .. 1
Spatula .. . .. 1
Glass rod, 4 mm. dia, 10 cm. Iong . .. 110
Polythene bottle, 5 gal. .. .. .. 1
Polythene bottle, N.M. 500 ml. .. . 3
Polythene bottle, N.M. 250 ml. 1
Measuring cylinder, glass, 100 ml. 1

(i) Chemicals :

Calcium sulphate . . .. 100 gm.
Potassium hydrogen phthalate . .. 100 gm.

(i)  Soil sample Measure —
10 gm. sample each in 50 ml. polythene beakestainds.
(iv) Reagents:

Potassium hydrogen phthalate buffer.

500 ml. conc. soln. (Dissolve 30.6 gm. in 500 wdter, add,
two drops ofuene) in N.M. polythene bottle. Dilute 10 ml.
with 50 ml. t®ato get 0.05
M solution whibas a pH of 4.0.

CasSQ

Saturated solution in 500 ml. polythene bottle.

Water

Carry in 5 gal. polythene bottle. Dispense vaithomatic
dispenser or neasure.
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3. For Phosphorus

(i)

(ii)

(iif)

Apparatus

Photo-electric colorimeter with 660 mu. red
filter or a spectrophotometer . ..
Triple beam balance .. . . .. 1
Automatic dispensing machlne .. 1
Polythene conical flasks 100 ml. in flask
stands .. . 110
Polythene funnels 5 cm. in funnel stands .. 110
Standard diameter test tubes (12 5 mm)in
test tube stands .. . 110
Suction device attached to vacuum Ilne
through bottle ..
Automatic bulb pipette, 5 mI
Automatic pipette, 7 ml.
Measuring spoon, 2.5 gm.
Measuring spoon, 1 gm.
Spatula . .
500 ml. glass beaker .
Polythene bottle 5 gal.
4 litre
1000 ml. N.M.
1000 ml. W.M.
500 ml. W.M.
250 ml. N.M.
250 ml. W.M. . ..
Polythene beaker 1000 ml. . .. 4
400 ml.
250 ml.

-

H
Nl e
Pl hrpPenNE

-bNN

Screw clips
Measuring pipette 1 mI (graduated plpette) 1

Chemicals (for 2,000 samples) :

Sodium bicarbonate .. .. . .. 10 % §in.
Sodium hydroxide .. .. .. . 500 gm
Carbon, Darco G60 .. .. .. .. 3 x 1000 gm.
Ammonium molybdate .. . .. 250 gm
HCI Conc. . .. .. .. .. 2 x 1000 ml.
Stannous chloride . .. .. ..250 ml. stockso
Standard KHPO, .. .. - 1000 ml. stock soln.
Filter paper circles 9 cm. .. . .. 30 boxes

Soil sample measure :
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measure out 2.5 gm. soil sample each in 100 myjthmme conical flasks in stands.
(iv) Reagents:

(2) Darco carbon — Carry in three 1,000 ml. W.Mlygeene bottles.
Measure out 1 gm. equivalent for each sample sytion.

(2) Sodium bicarbonate — Carry solid chemical inefil,000 ml. W.M.
polythene bottles. 840 gm. weighed out in triplarbebalance dissolved in
20 litres of water — adjust to pH 8.5 by dilute HEZINaOH. Carry in 5 gal.
polythene bottle. Dispense through Automatic dispggnmachine.

3) Ammonium molybdate — Carry 4 test tubes eaith 15.0 gm.
reagent weighed out accurately. Dissolve 15.0 gr800 ml. water, add 400
ml. conc. HCI, dilute to 1 litre and keep in 1,080 NM polythene bottle.
Dispense withi@mnatic bulb pipette.

4) Hydrochloric acid- Carry 21000 ml. in original sealed glass
bottles.
(5) Stannous chloride — Stock solut- 20 gm. dissolved in 50 ml.

conc. HCI witlpeece of tin added to be carried in 250 ml. NM
polythene bettl

Dilute 1 ml. stock with 66 ml. water in polythenedker for use. Prepare
fresh soln. everyday.

Dispense with graduated pipette.

(6) Standard KHPQ, — Carry 1,000 ml. of diluted standard
solution (1 mppin N.M. polythene bottle.

(7 Distilled water — Carry in 4r& polythene bottle.
Dispense with 7 ml. automatic pipette.

4, For Potassium Estimation
0] Apparatus :

Flame photometer .. .. . .. 1
Acetylene gas .. . .. . 1 cylinder
100 ml. polythene conical flasks in stands .. 110

5 cm. polythene funnels in stands .. . 110

50 ml. polythene beakers in stands .. . 110
Automatic dispensing machine with

25 ml. syringe .. .. .. .. 1
Measuring spoon, 5 gm. .. .. . 1
Spatula .. .. .. .. .. 1
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Volumetric flasks glass 500 ml.
Polythene bottles, 5 gal.
1000 ml. N.M.
1000 ml. W.M.
500 ml. N.M.
500 ml. W.M. .. ..
Polythene beakers, 1,000 ml. .. . 2
Volumetric pipette, 5 ml. .. ..
Volumetric pipette, 10 ml. .. .. .. 1

&

[l N O2 I\

(i) Chemicals for 2,000 samples :

Ammonium acetate (A.R.) .. . .. 10 x 500 gm.
Acetic acid .. .. .. .. .. 500 ml.
Ammonia .. .. . . . 500 ml.
Filter paper circles, 9 cm. .. .. .. [Bixes.

(i)  Soil Sample :Measure 5 gm. each in 100 nolythene flasks in stands.
(iv) Reagents:

(1) Ammonium acetate — Carry solid chemical xB000 ml.
W.M. polaythene bottles. 1,540 gm. dissolvegorlitres of
water, pH adjusted to 7.0 with ammonia or acatid.
Dispense with 25 ml. automatic dispensing mazhin

(2) Standard potassium solution : Carry 1,000 rhktock standard (1.910 gm.
KCl in one liter water) in N.M. polythene bottleillte 2.5, 5,10 and 20
ml. stock to 500 ml. with ammonium acetate in volurnic flasks to get 5,
10, 20 and 40 ppm K working standards.

(3) Ammonia — Carry in 500 ml. N.M. polythene tet

4) Acetic acid — Carry 60 per cent solution jadd ml. N.M.
polythene 1theot

5. For Micro Nutrients Estimation :

Atomic Absorption Spectophotometer, with specificatas given inAnnexure 6A. .
Detailed estimation of micro-nutrients in soil edts has been described in Chapter 4.
Micronutrient analysis may be preferred to be earout in a stationary lab rather than through a
mobile lab.
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6. For Soil Texture Estimation

In the soil testing laboratory, soils are dividatb 3 broad textural classes as follows for
which no specific equipment is stated.

Textural Simple field or laboratory tests
Classes
1. Sandy Soils | (a) Cast formed by squeezing moist soil in hand eviimble
when touched with finger or will stand only carelfidindling.
(b) Pressed between thumb and finger, moist sodésdaot
form a “ribbon”.

(a) Cast formed by squeezing moist soil in handlwarfreely
2. Loamy Soils | handled.

(b) When pressed between thumb and finger, moittdses
not form a “ribbon”.

(a) Cast formed by squeezing moist soil in hand stahd
3. Clayey Soils | much handling without breaking.

(b) When pressed between thumb & finger, moist feoihs a
“ribbon”.

B. Supporting and Scientific Equipment

1. Sinks — Portable folding sinks made out of 10 gal. Bptdythene, provided with drainage
outlet and swan neck tap. The folding legs are ntadef 1” square aluminum tube. Drain boards
100 cm x 50 cm with corrugated PVC covering arevigied one on either side.

2. Water Tank - Cylindrical water tank made out of 16 SWG brakset with three way
outlet for water, one inlet for compressed air, on#et for air, all provided with wheel cocks and
hose connections. In addition, there is a 3" diamepening at the top for filling in water, and a
1" dia. opening at the bottom for drainage, bdtked with air tight stoppers. The tank is provided
with handles for lifting and feet made of thick MSrips for being set on the ground. Provision
exists for clamping it down during transport.

Length of tank . 150 cm.
Diameter .. 50 cm.
3. Water Pump — With fractional H.P. motor for pumping up watesm shallow wells. with

foot valve and accessories. 220 V., 50 cycles, A.C.

4. Canvas awning— To provide shelter on side of vehicle away fribra petrol tank. This is
of two pieces each 240 cm. x 330 cm, which willnteye about 10 cm when set up. Five hooks are

198



provided on the vehicle body above the windowseibup this awning. In addition, three hollow
steel pillars 1”” dia. of appropriate length, tigpeith steel pegs, and five pegs for tying down the
awning are provided.

5. Vacuum Pressure Pump- Vacuum pressure pump fitted with vacuum andsunesgauges
and pressure and vacuum regulators.

Ultimate vacuum .. .. .. .. 28 inches Hg.
Working pressure .. . .. . 40 lbs / sq,in.
Displacement . .. .. .. 70 litres / min.
Capacitor start motor . . - o .. 1H.P.
6. Voltage Stabiliser — Automatic (Magnetic saturation type of statipayof Automatic

voltage stabilizer, A.C.). Input voltage 180 to 2&fits. Output voltage 220 volts, A.C., 50 cycles.
Permissible variation on the output voltag&%. Capacity 500 VA.

7. Generator :

(1) Portable, 1.5 K.W., single phase, 250 volts, &S, unity power factor alternator
coupled to suitable H.P. four stroke air cooledie@goperating on petrol. The
alternator and the engine mounted on a commonflas® heavy wooden skid also
provided. Control panel complete with one ammeteie voltmeter, main switch
‘ON’ and ‘OFF’ and set of fuses. Total weight nateeding 100 kg.

(i) Spare parts for two years of normal mainterganc

8. Shaking Machine —Reciprocating type Horizontal Motion Machine. Thpeed can be
varied between 70 to 300 strokes per minute witdtisp box type carrier complete with motor to
operate on 220 volts, 50 cycles, A.C., single phase

9. Pipetting Machine - Automatic Pipetting Machine, casted body witirfprations either
side for cross flow ventilation for the motor. Thdjustable eccentric is made of brass and by
turning this to the right or the left, the operatan change the length of piston stroke upto pfus o
minus 5 mm. The unit is complete with :

(a) One glass syringe of the range 0 to 30 c.c.

(b) One 220 volt universal motor coupled with euéable reduction gear.

(c) One No. S.S. nozzle.

(d) Rubber washer for the S.S. filling head nipple

(e) S.S. ring washer backed with neopmeibber packing to suit different sizes of syeing

(f) A tool kit to facilitate any adjustments foesired operation.

(9) Speed regulator.

Maximum filling speed: Approx. 25 strokemaute depending upon the nature
ajuid and capacity of the syringe.

Filling capacity : Minimum — 3 c.@ one stroke.
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Maximum — 25 c.c. in one stroke.

Spares :
® Rubber washer 1
(i) Nozzle with holder 1
(i)  Glass syringe with holder :
(@) 0to 10 c.c. 1
(b) 0 to 20 c.c. 1
(c)0to 30 c.c. 1

10.  Centrifuge: Universal centrifuge complete with angle headtahtubes, ungraduated glass
tubes, speed controller, electric brake. The deugieiis having a speed of 4000 RPM.

11. Water Filter - Service water filter, size 10, suitable for @igg pressure upto 12 kg. /
cn’ and having an output of 0.3 cubic meters per hiowill also be capable to work efficiently at
pressure of 8 to 12 Ibs.

12. Water Demineraliser :

Height .. 85cm
Length .. 50 cm
Width . 30cm

Portable type, capacity 5 to 10 litres per hourthwionductivity meter to monitor the
quality of the treated water. The unit should beheggeable locally using hydrochloric acid and
sodium hydroxide / carbonate.

13. pH Meter —Consisting of a high gain DC amplifier designedthe accurate indications of
pH value or EMF. Built-in voltage stabilizer, batang element of asymmetric potential and
extremely stable DC amplifier for connection to thighmic glass electrode assemblies of the
separate or single rod types, a wide range of dduktype glass electrode assemblies of different
makes can be used without bringing in any measuemgr. The shock resistant measuring
instrument with twin scaled (0 to 7/7 to 14 pH artd + 1000 mV /O to — 1000 mV) 0.1 divisions
and mirror reading enable accurate measurement.

Mains Supply : 220V, 50 C/S, Single phase, 30sv#&ttovision is made
r &electing the tap for 200 V A.C. operation by mea
sdlector provided at the rear side of the cabinet.

pH range: Oto7 pHand 7 to 14 pH.
Millivolt ranges : 0 to + 1000 mV and 0 to — 100/
Accuracy : + 0.1 pH or+ 2.5 FSD in mV.

Electrode resistance
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allowed : 1000 Meg. ohms Max.

Calibration control : Can be calibrataith electrodes of different makes.

Temperature compensation : 0 to 4Dnanual

Reproducibility : 0.1 pH

Grid current : Less than 101-A.

Valves used : 2xECC83,2xECC 81,BC 3.
Cabinet & Panel : Athena grey finish cabiwith black panel
Dimensions : 20 cm. (H) x 23 cm. (W) xd@8. (D)

(i) Accessories

one Glass electrode EK-62.

one Reference electrode ER — 70
one electrode supporter rod.

one electrode holder clamp.

one mV Jack.

one Instruction manual.

one polythene dust prevention cover.
Ten Buffers (4 pH)

Ten Buffers (9 pH)

Two polythene bottles

(Accuracy : 0.1).

The total scale length is 100 mm. divided into &bt marked at 0.1 pH. It is possible to
read in between readings (i.e., 0.005)

(i) Spares

Elico Glass electrode EK — 62.
Elico Reference electrode ER — 70.

14.  Conductivity Bridge — Type CLOI / 03 Conductivity Bridge is an AC Wikstane Bridge
working on 50 C/S mains frequency. The cell forme on the arms of the bridge and the balance
is obtained by adjusting the main dial which isuaied in the opposite arm. The output of the
Bridge is applied to a magic eye which opens tongimum shadow when the input to its grid is
zero. Temperature compensation and also compensfatiocells of different cell constants are
incorporated in the appropriate arm of the Bridge.

Conductance range : 0.1 millimhos to 15 millimhos.

Temperature range ° @ 60C.
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(Key for cell constant adjustment provided).
Range of cell constant adjustment : K=1.0t08.11
Balance point indication : By Magic Eye.
Power supply : 220 V, AC, 50 C/S
15.  Absorptiometer including built-in constant voltage transformer022250 V, 50 /60 cycles
and mount for speaker type cells. Disc of 8 emuldilbers for all tests including vitamin ‘A’ and

carotene. This disc covers the range 430 to 68@ha peak wavelengths being 430, 465, 490, 520,
545, 580, 610 and 680unTest tube mount complete with special opticatesys(colorimetric).

One dozen special tubes, 150 mm. long. Sparedit@mamp.

(i) Spares :
Photo Cell in mount .. .. .. - eon
Filament Lamp .. . .. . one
Colorimetric Test tubes (15 ml.) 150 mm. long 150

16.  Photo-electric Colorimeter / Spectrophotometer

(1) Photoelectric colorimeter with scale graduategercentage transmission as well as optical
density scale, with a set of three tricolour fétéor measurement in the wavelength ranges between
420 to 660 millimicrons with built-in constant vaje transformer to work from 220 volts, 50
cycles, A.C. mains complete with 6 test tubes,lamg and working instructions.

Two controls on the top cover are provided, (i) sheply on / off switch and (ii) the wheel
marked, ‘Increase Light’ which operates the lightitter and enables the meter to be set accurately
to zero absorption — 100% transmission with dedilvater or a reagent “blank” in the light beam.

To eliminate calculations, the meter is calibrad@éctly in transmission percentage on the
upper scale and optical density on the lower scale.

The instrument incorporates a stabilising transarmwhich compensates for voltage
fluctuations oft 10% of the normal voltage.

NOTE - Three filters along with the instrument afe¢he following specifications :

@) Red filter . 660 m
(b) Green filter . 540 m
(c) Blue filter .. 420 m
(i)  Spares:
Spare photo cell (imported) 1
Spare Lamp 3.6 v. Indian 1

202



17. Flame Photometer — A Flame photometer with incorporated compressod pointer
microammeter, 220 V., A.C., 50 C/S, Accessory C éicetylene).

One interference filter each for Na, K and Ca iddkg pressure reduction valve for
acetylene, rubber tubing, 5 test beakers and datilim table (for Na, K and Ca), combined
atomizer — burner for model st. for acetylene gas.

It can detect small quantities of Na, K, etc., digsd in water or other solvents rapidly. The
air compressor and the burner chamber of the stdnai@del are combined with the atomizer
burner, the optical system, the interference fifteider and the photocell to form one single unit.

The plastic housing contains a powerful compreggoch is set in operation by the rotary
switch provided on the front. A pressure gaugedatts the pressure acting on the atomizer, the
required pressure can be set by means of the jprecegulating-valve.

The burner chamber is mounted on the right hand eidthe compressor housing. The
chamber contains the burner atomizer, which cawitielrawn from the bottom after releasing the
knurled screw.

The light of the flame is collected by a lens amedegtrates the interference filter. The filter
is secured in a holder. An Inspection window i gtsovided on the front of the burner chamber
and can be opened.

C. Glass, Porcelain, Polythene Wares, Wooden $t#s And Other Equipment
1. Spare ungraduated centrifuge tubes for cengijfanical, 15 ml. : 130

2. Flask to hold eleven 100-125 ml. conical flask&h adjustable base and
collar. Total length of stand 30", width &, overall height 5s/5™.
Distance between flaskss2 " centre to centre, made out of teak wood and
enamel painted. 36

3. Beaker stand to hold eleven 50 ml. beakers wifjustable base length
307", distance between beakers/ centre to centre, made out of teak
wood and enamel painted. Width/8" . Overall height 44" 24

4. Funnel Holder — to hold eleven 5 to 7 mm. dlass funnels to correspond
to flask stand. Made out of teak wood and enamigitgad. Width 318" ,
overall thickness is 9/16" with 1/16"" thick r@slpacking in between the
two panels each of 1/4”" thickness. 24

5. Test tube stand — to hold eleven 15 mm x 150 tesh tubes. Distance
between test tubessa". Overall height 2", length 30", made out of
teak wood and enamel painted. Widths3 12

6. Stand for centrifuge tubes. 22 tubes in eachdsta8 x 3" x 4”". Made
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

out of teak wood and enamel painted.

Spatula, stainless steel 6°” blade with suitabladle.

Cork borer set (set of 6 Pcs) steel, nickeleplavith rod, separate handle

fitted to each borer.

Thermometer 0 — 28@. 12 length, 1/4” dia enameled back, engtave

scale sub-division, suitable for 3°° immersion

Porcelain mortar (unglazed 200 mm. dia.) with twaoden pestles 4 cm.
dia. x 200 mm. length.

Bottles Polythene, narrow mouth, screw cap, -rédit
Bottles polythene, narrow mouth, screw cap, 1000 ml
Bottles, polythene, narrow mouth, screw cap, 500 ml
Bottles, polythene, narrow mouth, screw cap, 250 ml
Bottles, polythene, wide mouth, screw cap, 500 ml.
Bottles, polythene, wide mouth, screw cap, 250 ml.
Beakers polythene with spout 1000 ml.

Beakers with spout polythene 600 ml.

Beakers with spout polythene 50 ml.

Conical flasks, polythene, narrow mouth 125 ml.
Funnels polythene 5 cm. dia.

Funnels polythene 7 cm. dia.

Wash bottles polythene. 500 ml.

Tubing, polythene, soil 4.5 mm bore

Tubing, polythene, soft 6.5 mm bore

Trays polythene 6 x 6" x 2"

Carboy with stopper and stop cock, polythene, 2édi
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28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41

42.

43.

44,

45.

46.

47.

48.

49.

50.

Jerry cans with stopper, polythene, 10 litres
Flexible Polythene pipe heavy duty 1/2”" bore
Rubber tubing, 3 mm bore

Rubber tubing, 5mm bore

Rubber tubing 7 mm bore

Rubber tubing 12 mm bore

Rubber corks, assorted

Surgical gloves

Erlenmeyer flasks, glass, 100 ml.
Erlenmeyer flasks, glass, 250 ml.

Measuring cylinders, glass, 25 ml.
Measuring cylinders, glass, 100 ml.
Measuring cylinders, glass, 500 ml.

Beakers with spout, glass, 500 ml.
Volumetric flasks with stopper, glass, 500 ml.
Volumetric pipette, glass, one mark 5 ml.
Volumetric pipette, glass, one mark 10 ml.
Volumetric pipette, glass, one mark 25 ml.
Graduated pipette, glass, 5 x 1/10 ml.

Graduated pipette, glass, 10 x 1/10 ml.

Tilt measure, glass with 500 ml. reservoir, 20 ml.
Tilt measure, glass with 500 ml. reservoir, 25 ml.

Tilt measure, glass with 1000 ml. reservoir, 50 ml.
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51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Glass rods, 4mm dia.

Glass rods, 6mm dia.

Glass tubing, 3mm bore

Glass tubing, 5mm bore

Burette, 50 ml. x 1/10 ml. with three way stopcacid filling tube
Funnels, glass 10 cm dia

Pinch clips

Screw clips

Support stands 24" with detachable heavy iron base
Clamps & boss heads for above

Sieves with 2 mm round holes made of brass witrecand receiver 8

dia.

Triple beam balance capacity 100 gm. sensitivipd @m.

D. Miscellaneous

Fire extinguishers C.T.C 1 litre with refills ce. . 2
Line Tester .. .. . .. . .. . .. 1
Soldering iron 40 watts (electrical) with one csnlder .. .. 1
Pen knife .. .. .. . .. .. .. . 1
Scissors .. . .. . . .. . .. 1
Double end spanner set (set of 8) . .. . |
Plier 1
Nose plier .. .. .. .. .. .. . . 1
Hand drill with set of bits . .. .. .. .. o1
Allen wrench set (set of 10) .. .. . .. I |
Screw driver set .. . .. .. . .. .. 1
Hack saw .. .. .. . .. .. .. .. 1
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Nail puller .. . . .. .. .. . .. 1
Socket wrench set (set of 10) . . .. .. .. R
Hand saw (for wood) 12 1
Hammer (with handles) 2 Ibs. .. . .. . .. 1
Hammer (with handles) 1 Ib. 1
Steel tape 200 cm. 1

Files 6" - Triangular .. .. .. .. .. . .. 3
- Flat

3
Cutting plier 1
Insulation tape .. . .. .. . .. . 2
Three pin plugs 5 amp. . .. .. .. .. - 6

15 amp. - . - . .. . 4
PVC three core wire for 15 amp. . . .. .. . . 20 meter
PVC three core wire for 10 amp. .. . .. .. .. 50 meter
PVC two core wire for 10 amp. .. .. . .. .. O rReter
Quick fix or similar cement .. .. .. . .. .. 6tubes
Hurricane lantern . .. . .. .. .. .. 2
Petromax — small 1
G.l. buckets 16™ .. .. .. .. .. .. .. 2
Torches 3 cell. 2

First-Aid Box .. .. .. .. .. .. .. 1

E. Audio-visual Aid:
¢ Audio-visual Equipment having public address eystloudspeaker and microphone.

e Tape recorder and Projector.
e Camera
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¢ Nutrient based fertilizer subsidy and soil testing 142
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- Nitrogen

IR72
NO FERTILIZER N

(Plate-1)

Photo Captions

(a) Leaves are yellowish green in the
F omission plot, since fertilizer is
not applied.

(b) Leaves of N deficient plants are
light green, narrow and smaller.

(c) Tillering is reduced where N is
deficient.

(d) Tillering is greater where N
fertilizer has been applied.

-Phosphorus

e ——————————————

Nutrient Deficiency

A-15

(Plate-2)

Photo Captions

(a) Tillering is reduced where P is
deficient.

(b) Even under less pronounced P
deficiency, stems are thin and
spindly and plant development is
retarded.

(c), (d). Plants are stunted, small,
and erect compared with normal
plants.




- b

tassium

g

Nutrient Deficiency

A-17

(Plate-3)

Photo Captions.

(a) , (b), (c) Leaf tips and margins
become yellowish and dry up under
K deficiency.

(d) Plants are more susceptible to
pests and diseases and secondary
infections are common.

(e) Leaf rolling may occur.

(f)  Hybrid rice produces more
biomass and therefore has a greater
K requirement than inbred rice so
that K-deficiency symptoms may
occur earlier in hybrid (left) than
inbred rice (right)

(g) Plant growth is restricted in the
absence of K.

Zinc

(Plate-6)

Photo captions.

(a) Uneven field with stunted plant
growth (foreground).

(b) Tillering is reduced leaves are
droopy and dry up.

(c),(d) Appearance of dusty brown
spots and streaks.




(Plate -11)

Photo captions.
(a), (b) The leaf canopy appears pale
yellow because of yellowing of the
youngest leaves, and plant height
and tillering are reduced.
(c) , (d) Chlorosis is more
pronounced in young leaves, where
the leaf tips may become necrotic.

Sulfur

i

Nutrient Deficiency — A-2

(Plate-4)

Photo captions.

(a) Orange-yellow intervenial
chlorosis usually appears first on
older leaves.

(b) Chlorosis may also appear on
the flag leaf.

(c) Mg deficiency may also be
induced by large applications of K
fertilizer on soils with low mg
status.

- Magnesium

Nutrient Deficiency  A-25




Nutrient Deficiency

A-27

Calcium

(Plate-5)

Photo captions

(a), (b) Symptoms occur only under
severe Ca deficiency, when the tips
of the youngest leaves may become
chlorotic- white.

Nutrient Deficiency

A-31

Manganese

(Plate-8)

Photo captions.

(a) Deficiency is mainly a problem
in rice grown in upland and organic
soils with low Mn status.

(b), (c) Leaves are affected by
intervenial chlorosis that appears at
the tip of younger leaves.




~ Copper

(Plate-10)

Photo captions.

(a) Deficiency mainly occurs in
organic soils.

(b)  Chlorotic streaks and dark
brown necrotic lesions may develop
on the tips of younger leaves.

(c) New leaves may have a needle
like appearance.

(Plate -9)

Photo captions

(a) Tiny brown spots develop on the
leaf tip spread toward the leaf base.
(b) Leaves turn orange brown and
die.

(c) Symptoms first appear on older
leaves.

(@), (d) Under severe Fe toxicity,
the whole leaf surface is affected.
(e) leaf bronzing (left) compared to
healthy plant (right)




WG 125 BB T

BORON TOXIC

(Plate-7)

Photo captions

(a) Brownish leaf tips are a
typical characteristic of B toxicity,
appearing first as  marginal
chlorosis on the tips of older
leaves.

(b) , (c), (d) Two to four weeks
later, brown elliptical spots
develop on the discolored areas.

Photo captions

(a) Growth is characteristically
patchy.

(b) Where saline irrigation water is
used, patches of affected plants are
found adjacent to water inlets.

(c), (d) Stunted plants with white
leaf tips.










