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l. l,article Size Distribution ( Mechanical An:rlysis)

Aonltritttts:*- 
1- Soil hydrometer ASTM graduated (-5 to 60)

2. HYdrometeriar
3. Mechanical stirrer
.1. Dispersion cuP

5. Beaker 250 ml
(r. PiPette l0 ml

Iteagents:
l.SodiumHexametaphosphate:Dissolvel0lgrn.ofsodiumHexametaplrosphateinlL

r,rrater.

Procedtu'e:
weiglr,s0 g,r soil sample ina25o ml beaker and add sufficie.t water to cover the soil. Then

aclcr r0 nrr of soclium hexametaphosphate solution, stir well with a glass rod and leave overnight'

Transfer it in a dispersio, cup and add sufficient water to fiil two- third of the cr"rp. Stir for 10

,ri.utes in the ,rechanical stirrer, transfer in the hydrorreter jar and make up the volume to the

rrark rvirh the hydrometer in it. Remove the hydrometer and shake the.iar upsicle clown several

tir.'cs cl.si,g the mouth either by hand o, ,oik. When the soil is well dispersccl heep it in the

tablc ar.l ,ote the time immediately. Immerse tlie hl,clro.reter in the.iar and reacl it at 40 sec and

2 i-ttturs.
(ouce i, the table it should not be disturbed throughout the experirnent). Note the temperature

of tlie strspension at the time of taking hydrometer-readings. correct the hydrorneter reading by

subrracrirg 0.3 for.r";;";a O;fo* ZO;C lr by adcling if th; temperature is abo'e 20"C'

Calcr-rlation
(Silt + C'ln1') % : lHydrorneter reading at 40 sec a / + 0'3x (t-20)"C)

bt.1'2,= {iteading at 2 hr. x2 + 0'3x (t-20)"C}

Sancl 7n : 100 - (ClaY + Silt) %

Silt % : (ClaY + Silt) o/o - ClaY oh

Where. t : tenlperature in degree celsius

Deternritte the texture from the triangular charl'

M\ )/ /
f'f&''i t
ld>l'-") A.{:

Htf,,l*d;
T[sis-

D8
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Br-Sqft r
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Figure 6. Textural Triangle

2. pH determination
Standard BLrff'er:

l.pll4.0:Drypotassiumbiphthalate(KHCsH+o+)lbr2hotrrsat105.,Canclclissolvei0.2l
unr of it in hot distilled water and dilure the solution to I L with distillecl water' As a

1r|cservative,addl.0rnlofchloroforrnortoluetre'Thissolutionhasapllvalueof4'0at
tctttperature fiom 1 5-30"C'

2.p1t6.86:DrythetwoSaltsKHzPo+anclNazHPo+for2lrotrrsatl05oCarrdclissolve3.44
grr ol rHziO+ and 3.55 gm of i'lazHPOq in distilled water and dilute to 1L' As a

preservative, add l.0 ml of chloroform or toluene. This solution has pH 6'90 at 15oC'

o.SS ot 20oC and 6.85 at 3OoC'

r\trparat

***

1. pl l nteter

2. Ilcaker 50 ml
3. N'le chanical stirrer

4. glass rod

I)rocetlttt'c:
\Veigh l0 gm of air-clried soil samples (<2 nrnr) in 50 ml beaker and adcl 25 nrl of distilled

u'atcr. Shlke tb r about 1 minute in a mechanical stirret' and leave for abor-rt atr hour' The pH

n.rctcr i: cllibrated bY trsing stanclard bufl-er soltrticltt o1' p I-l 4.0 and 6.86. 'fhe soil water

susIlsrsir)n is stired well with a glass rod just before iulmerstug the electrocle . 'l'he pH of soil

ku
)'l

1e

Dflffi,'-



S

\\,atcr suspension is then measured with the calibrated pH meter' For the peal arld rnUCk SOil'

volur.r-rc o['water may be increased'

Table: Rat ofsoil accord to H

Soil Reirctior.l

cttt'cl-ttc i acitlic

st t() ll lr;.rciclic
mocleratcI acidic

rlktrline
nlr)([cf ltt o!t Ikaline

tr()ll Ir ullialine

3. .\vnilable Potassium
l'-lat, re photometer method:

Aooarattts
l. lrlatlre Photometer
2. Shakirlg aPParatus

3. 125 rnl conical flask or 100 ml polyethylene bottle

4. Whaturan no.42 filter PaPer

*T;n 
Ammonium acetate pH 7.0: Dissolve 77 gm.of ammonium acetate in 1L of distilled

2)

('u lc ttlitt iorl

l(2O (lig/h:r) = tl X2012Xl'2X2'24
\\/here

Ii = potassium of soil extract in ppm, fron-r the statldard cllrve

Ll: couversion factor for K to KzO

l.l-{ : conversion factor for ppm to kg/ha

)()2: dilution factor

rvater.
Or

I ri 5g ml of glacial acetic acid, add 500 nil. ol distilled water lbllorved by 65 ml of

lirlLrt)f anrmonium and dilute to 1L. Acljust the pH to 7'0+0'02 with dilLtte NHqOH or

lcetic acid.
1.. srar"rdards ( stock solutior-r): Dissolve 0.1905 gm' dried KCI in 1L volurnetric flask

runcl urake up the volume- 100 ppm K
I'ake 0, 5, 10, 15,20 and25 mi of 100 ppm K solution in 100 ml volttutctric flask a'rd

rlilLrrc with 1N ammonium acetatedpU i.b solutiorl to t5e mark- 0' 5' l0' l5' 20 and25

ppnt I(.

HffiH-r,r air dried soil in a r25 ml conical flask (or 100 mr poryethyrene bottre with leak

prool. calt). add 20 ml nonnal neutral ammonium acetate, shake for 5 minutcs in a mechanical

shaker irncl fllter through Wl-ratman No.42, 12'5 cm filter paper" Prepare.a star-rciard curve of K

b' trspirati,g 0. 5, 10: 15, 20 and 25 pp.,, K afier acljusting fr-rll scale clctlcctio. of flame

photourcrcr rvith 25 ppm K. Note th. r.uding and clra\ graph'lspire the soiI soltrtiou' note its

l.,,.fi,rg rr,cl cletermiri" f in the soil solution frorn the g.aph.

Intc rDlt'tilt t()n

F-ot'Terrti
Vcly low
[.tlrv

<55 kg/ha K2O
o

I{ rar-r

<4

4.0-5.5
5.5-6.0
6.0-6.5
6.5-7.5

lc iclicsli htl
neutral

7.5-8.0
8.0-8.5
8.s-10.0

55-1 1 0 kg/ha

1c ffi

sl !ghtl.,

$q\



\lediLrm
lligh
\/cry High

For Hills
Vc'ry low
l-orv
N4c'cliurn

lliglt
Verl'High

I l0-280 kg/ha K2O

280-500 kg/ha K2O
>500 kg/ha KrO

<55 kg/ha K2O

55- l l0 kg/ha K2O

I l0-280 kg/ha K2O

280-504 kg/ha K2O
>504 kg/ha K2O

renol inclic ator 0.25o/o: Dissolve 0'25 gnl inclicator
oo
I '.

)//

l. r\r':tilable PhosPhorus
Moclifi ecl Olsen's bicarbonate method

Principle
This mctrrod uses 0.5N NaHCOT solution of pH g.5 as an extractant which controls the activity

o1'Ca. .\l ancl ne uy pre"ipituting calcium as carbonate and aluminum and iron as hydroxides'

'f5e orgu'ic nlatter iissolved by ttre extractant t.t.tttst be removed by the ltse of activated

cltarcoal.
Apparaltts

1. 100 rnl Polythene bottles

2. Shaker
3. Ftttrnel
r+. \\"ltattnan no.42 filter PaPer

5. \/olttmetric f-lask 50 ml
6. I']ipettes 5 and 10 ml
1. f]caker 50 ml

u*ffof-,racting 
solution (0.5N NaHCor, pH 8.5): Dissolve 210 gm of cP NaHCor in 5L

clistilled water. Adjust the pH to ri.i with 0'5N NaOH or HzSO+' As the pH of the

solution tends to increase on exposed to atmosphere, few clrops of liquicl paraffin should

tre adcleci and the pH should be checked monthll '

5\ II:SO+: Dilute 35 ml concentrated A'R' l-l:SO+ to 250 n"rl

i\nrmonium MolYbdate:
a) Dissolve l2 gm. A.R. ammon-ium molybclate in 250 ml clistilled \\'ater' In l00 ml

distilled water dissolve 0.2908 g*. ot'antinronl' potassittm tartarate' Add both

the solutions in 1000 ml of 5NIirSO, 1141 .ri oiconcentratecl II:SO+ per liter

water), mix thoroughly and muke io 2L. Store in a p1'rex glass b.ttle and keep it

in a clark and cool temperature'

b)Dissolvel.056gm.ofascorbicacidirr200mlofanrnrotriunrmoll,bdatesolution
(Reagent3a).Thisreagentshotrldbepreparedasrequiredsinceitcirnnotbekept
fbr more than24 hours'

4. Aetivatecl Charcoal (Darco G- 60)

5. Standard P soh-rtion

l,r.imary standard 50 ppm P: 0.2195 gm. of A R [HfO+ dried at 400C is dissolved in

about 400m1 of distilled water in one Tit., ,olr*etric flask. Add 25 ml o1'7N HzSOa to it

iutcl rnake the volume to 1L. Thus preserved with HzSO+, the solution keeps indefinitely

but it should be stored in a weathered soft glass bottle (rather than one of pyrex) to

rnittinlize contamination with arsenate'

Secondary standard 5 ppm P: Dilute 5 ml of 50 pprn P stock soltttiort to 50rnl in a

r,olLr,retr.ic flask forthe 5 ppm p. timurt be macle r,p ittrngus growth in the solution in

7

J

rtoticed.
6. p-nitloPt

aft\er s0

in 100.mI ol'clistilled water



l'rrcsdutc
Weigh 2 gm soil sample (air dried:?-**) in a 100 n-rl polyethylene bottle' Aclcl one teaspoon

ol.acti'urecl charcoal una +O ml of 0.5 NNaHCO3 extraciing solution. Shake firr 30 minute iu a

slrali.er urrrl tllter through Whatman no 42 filter paper P]qe1te 10 ml aliquot of the frltrate in a

-5g r1l rr,lurletric flask and acidify with 5N HrSb; to pH 5'0 usipg p-nitrophelol ildicators till

rhc \,e1rr* .otor;r.i disappeared. Shake g.riry after^each adclitio' o1'acid. Irurther add acid

crro,rt,isc this tir:re until th; color changes fiom yellow to colorress. Add distillecl rvater washi.g

rlori,n rhc sides of volumetric flask to 40 ml followed by 8 rnl of reagel.lt 3b (ammonium

m.l1,bcr.te). Make up the volume to the mark and shahe 'nvelr. Maxi'ru,r inte.sit, of the brue

coror is .btai,ecl in i0 minutes and remains stable up to 24 rrrs. I.clude a blark i'every batch

br shaliing the extraotirlg solution without soil. It shoulc'l inclucle all thc reagellts aclded in every

stc,. N4elrsr,r..olo.i,.,tei'sity in acolorimeter after 10 minutes rtsiug recl lilter (660 r'rn-r)' Prepare

tlrc sta6rlrrrcl curve by taking 0,0.5, 1,2,4,6,8 ar-rd 10 rnl of 5 pppr standard solr'rtiou in 50 ml

'.rurncrr.ic 
l,rask and add NaHCO3 extracting solr-rtio'a,d proceed exactly rike in the solution.

C'alctrlitt iorl

l':Os (lig/hil): ppm P in solutionX2'29 X 100 X2'21

\\1 h ere

lrtt c fD lr't lt l()l1

I(X) :clilution factor
I 24 : conversion factor for ppm in soil to kgiha in soil

) 2(): conversion factor for P to PzOs

For 
-lerai

Vely [ou' <11 kg/ha P205

l.otv I 1 -28 kg/ha Pz0s

N4crcliunr 28-56 kg/ha P20s

lligh 56-l12 kg/lra P205

Very l-ligh >l l2 kg/ha P205

Fol l-lills
Vely lori <10 kg/ha P205

l-orv l0-30 kg/ha P205

Ivlecliunr 30-55 kg/ha P205

I ligh 55- I I 0 kg/ha P20s

Ve rv I lislr > l l0 kg/ha P205

5. Orglrtic matter determination
Walklct - Black Method:

Annaritttls:
l. 5l) nll Burette

2' l0 ml bulb pipette 
efte 20 ml capacity3. i\leasuring cylinder 25 ml or Acid Dispenser or prpr

4. C onical flask 500 ml caPacitY

Reaqeuts:

l] l"$-i:,xl3,',i1i ,,.nromat: (Kzcrzor): Dry l(ucrzor in the temperatttre of losoc'

\\;eiglit 49.O4gm of it and dissolie it in'Oistltied water to make the volttme of 1 liter'

i) ().,5 N l.error,rJ aurmonium trfpfr.[ (FAS): Dissolve 196 gm of FAS in 800 ml of

clistilled water. Add 20 ml of conc. sulphuric acicl and make volulne to 1 liter'

1) l:crroin indicator: Dissolve 1.5 !m oll-19-Pl]Tulthroline monohydrate ((lrzHsNzHzO)

.rc1 0.7 gm f'errous sulphate t ep'tanyarate (FeSO+'7HzO) in 100 ml of distilled water'

,ffir
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Procccitttc
\\'cigh ().,ignt soil sample, passing through 0.2 mm sieve ancl acld exactly l0 rll o1'

solliion ro it in a 500 ml conical flask. Add 20 ml of coucerrtt'ated strlphuric acid

lN KzCrzOr

and mix by

sentle rotirtion fbr 1 minute, to ensure complete contact of the reagent with thc soil, but with

care to rrvoicl throwing up soil to the sides of the flask. The mixture is allowed to stand for 30

uritrtttes. A standardization blank (witliout soil) is run itr the satne wa)/' Afiel' half an hour' add

about 200 prl of distilled water, 10 drops of ferroin indicator and about 0.2 gni soclium flr"roride.

[]ack tirr.rrtc the solurion with ferrous ammonium sulphate scllr.ttion. The color is dull green with

clrlopric iop i1 tlie beginning, and then shifts to grecn as the titration proceecls. ,\t the end point

thc color.sharply shifts to brick red. If over 8 ml out o1'10 ml chrouric acid has bccn consumed

clur.ins tirc titiaiion, the cletermination is repeated ri,ith a small quautity of soil or by adding

clouble ot'treble atttottnt of KzCrzOz and HzSO+.

OM'/o
, : -;.: 1:..',j:.,; 3n1tD xl0g Il}e iS-Slf, x 0.57,ii tr'slralHlQtC;';?fr;5g tif a"f seiI

\\i hc lc
lJ,=Volume oI FAS used up fbr blank titratiorr
S-- Volume of FAS used up fbr sample titration
N: Nonnality of FAS fi'om blank titration
\\ir. : weight of soil sample (gm)

Nonralitt'of FAS: vol. of in Blank
(') AS in Blan

lntcrplctr[tu
Iror' lcriti
Vcrv iori '-0.750 OM
[,orv 0.75- 1 .5% OM
NlediLrttr 1.5-3% OM
Iligh l-5'70 OM
Velr Ili''lr >-i!/t,OM

lq.!lill'
\'cl'\ lr)\\ <lt% OM
[.rr\r 1-2.5% OM
Nlcrliunr 1.5-5% OM
I ligh 5-10% OM
\rerr I IiSIT > 10% OM
N()tc:

i) Organic lnatter contaius 58 percent carbou.

ii) Rccovert' f'actor fbr this method is 77 pc'rcent'

iii) trquivalent weight of carbon is 3.

6. 'fot:rl nitrogen
Ii.jcldhal nrethod:

,'\ lrlra flll u s

i.. jclclhal digestion flask 50 Ilrl or block digestcr ttr bes

N- Digestion apparatus

l)istilling apparatus
Volr-rmetric flask 100 ml
('onical llask 125 ml
,\cicl clispenser or tneasuring cylinder

l'ipe ttes 10 and 20 ml
llurelte 25 ml
Kieldhal flask holder

l.
2.

J,

4,

5

6

1
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Proceclttt'c:

10. .'\sbestos Glove
Reagetrts:

f :rgestior1 Mixture (Catalyst): Grind and rnix l0 grn of copper sr,rlpl-rate r'vith 200 gm of
sucl i t-tt-t-t sulphate.

2. ('oncentratecl sulphuric acid - L.R'
l. Ssclir.rm hydroxide: Dissolve 400 gm of sodir*un hydroxicle (flakes or pellets 1,.R.) in one

litcr of distilled water and cool.
4. \,1ixedildicator: Dissolve0.5gmbromo-cresol greenand0.1 gn'rmethylredin100ml

ol'95 percent ethanol.
5. Soric acid 4%: Dissolve 40 gm boric acid crystal ( H3BOr) in oue liter distilled water.

6. 0.01N HCI: Dilute 17 ml conc. HCI with distillecl water to 2L (A). Stanclarc'lize 20 ml of
s6lLrrior.r (A) with NazCO: and calculate its norrnality. Dilute the solution (A) according

roirsstrengthtogive0.01 NHCl.[orDilute 100ml of solution(A)to ILandcalculate

its strength from the above normality of (A)]

add 2 gm catalyst digestion
polcelait.r. Iror a flne textured

soil trclcl l0 ntl. of distillecl water and leave it for 30 nrinutes before adding cligcstion tnixture

a.c1 sull-rhLrric acid. Mix the soil with sulphuric acicl bv swirling the llask artcl hcat in the low

hcat lritil {iothing stops. Gradually increase the heat until the acicl boils. Suirl tl-re flask at

intcrvirls ancl digest until the color of the mixture changes to greelt- blue o| grey color ancl

c.,riuuc ir fbr 1-1.5 hours more. Care should be taken cil-rring digestion not to allou'the flame to

touch thc llask above the part occupied by the liquid.

\\,ith lllock Digester Deiator, add 10 ml concetrtratecl sulphr:ric acicl to I gnr soil and 2 gm

iligesti6rr prixtuie in 250 rnl digestion tube and heat in preheatecl Blocli Digester at'110"C for 45

.riputc.s. Il'exheiust svstem is used, adjust its rate to maximum in the bcginning of the digestion

.rcl recltrcc it alter about l0 minutes (when the evolulion of clense fr.ttnes ol-strlphuric acicl

clccrease) so that the acid furne will be condensed at about two-third of the digestion tube.

Cool the flask and add about 20 ml of distilled water before the solr.rtion starts crystallizing'

l'ranstcr the solution in a 100 ml volumetric flask, leaving the sand in the digestion flask and

,rake u1"r rhe yolume. Take 20 ml aliquot in the distilling flask and add 20 ml ol'40'X, NaOH and

ctisrill ii. collecting the liberated NHt in 10 rnl 4oh boric acid solution contairritrg 2 drops of

rrrixed inclicator in 125 ml conical flask. Titrate it rvith 0.01N llCl. Run a blanlt for eacl-r batch

ol- l2 sanrples.

Calculation
lxnXff-,5)

-'.iiY - \
\\/herc. n: Nort.uality of acid

f': vol. of acid used in titration
Il: vol. of acid used in blank
S: Sample wt.

Irrterpretation
For'[erai
Vcly low <0.03% N
[-ott' 0.03-0.07% N
Meclitrrn 0'07-0.15% N
I-ligh 0' I 5-0.25% N
\i cry High >0.25% N
For Hills
Vcry low <0.05% N
Lorv 0.05-0.1% N
i\4cdirrrn 0.1-0.2% N

\\/c.igh I grn soil sarnple in 50 ml Kjeldhal digestion flask and

ltixlure lbllowecl by 10 ml conc. HzSO+ and f-ew pieces of brokel

i.l'z;'
r- -'

,J - 
_

?.S1,;,
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I ligh
Very High

0.2-0.4% N
>0.4% N

7. Iirtt'ite tltble calcium
Methocl: trDTA titration

arill U S

o []Ltrette

o l)orcelain dish

o l{cciprocatingshaker
r Polyethylene bottle
o \\'liatman filter Paper

Reagents:
,. .-\,ll,.,,,',,-tiun acetate solution (NH4COOCH3)' I N:

I)iss.r'e 71.0g grn of ammonium in 900 mL of deionized water or double-clistilled water.

Brins ro a flial ,Jolume of 1-L with distilled or deio,ized water and pomogenize'

2. Socliirnr hydroxicle solution (NaOH),2 N:

Dissoli,e g0 gm NaOH in about g00 mL deionized water or double-distilled water, transfer

the solLrtiou to a 1-L f'lask, cool, and bring to 1-L volume'

3. Anrttrotrittm purpurate Indicator (CaHsNoOo):

l\4ix 0.5 gm Ammonium purpurate (Murexicle) with l00 gm potassium sultate 1K2SOa)'

-1. Lrthl'lcneiliaminetetraacetic acid solution (EDI'A)' = 0'01 N:

Dissolve 2 gm EDTA, and 0.05 gm Magnesium chloride (Mgcl2) in deionized water or

cloubl.'-distilled water and bring to 1-L volume'

5.StanclarclstockCalciumchloridesolution(CaCl2'2H2O)'0'01N:
Disscrlve 0.735 gm calcium chloride dehydrate (caclz.2Hzo) in deionizecl r'vater or double-

clistilleclrvater and bring to l-L volume'

I) r'ocecl u l'c:

,\. Ilxtt'action
a

a

a

a

a

\\/cigh 10 gmair-c'lry soil (2-mm) into a polyethylene bottle'

.\.1(l 50 mL 1 N Ammonium acetate solution (ratio 1:5)'

Sltake{br30nrinlttesonareciprocatingsl-rakerat200-300rpnl
lriltcr suspettsion ttsing a WhatmanNo'1 lrlter paper'

B. Meitsttretllent
r l)ipette 5 ml soil extract into a porcelain basin'

o .,\clcl 20 ml of deionized or double-distilled r'r'ater, fbllowecl by 2 nli ol' 2 N NaOH

solution.
o r\cld about 50 mg Ammonium purpurate indicator'

r 'l'itrnte with 0.0iN EDTA until the color changes fiorn red to pale purple'

o lirilt a blank containing all reagents but uo soil. ancl treat it in exactly the same way as

tlir samPles.

rrcl izlttitt IrD
-ftrlie -i nll 0.01 N Calcium chlo ride solutiop. ancl treat it i1 exactly the sattre way as the

sittl lp le s

Not't'ttit,,i' rll' llD-fr\ : l"oiirne of Calchrnl rhict'i';ir ::o iii iii; ii',\p;'11,,"'liil' i' I

ittlio:i it:,t'n

f niriiiii; iil i,:r'jdtr soltllioit

Uciittite'cf EOId sl

ddi,
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('alculat ion

Ilxtractatrle Ca (ppm) _ (Y-B)xNxV1x1000x20
WtxV2

\\Iherc.
\i = Voirrnre of EDTA consumed in sample (ml)
ll: VolLune of EDTA cousumed in blank
N : Nornrality of EDTA
V r : 'l'otll volume of soil extract (ml)
V2 : Voltrnre of soil extract used for titration (ml)
Interpretrtion:
I-os' < 1000 ppm

N4cdiurrr 1000-2000ppm
Iligh .,'1000 ppm

B. Avail:rble sulphur
Appalatus:

l. Colorimeter or spectrophotometer
l. llrlenmeyer flask 100 ml
l. Shaker
-+. l)ipette lml, lOml
5. Whatman no.42 filter paper 12.5cm diameter

l{eagettts
I . llxtracting solution: Dissolve 39 gm of NHqOAC in 1L of 0.25N acetic acid.

l. Activatecl charcoal (Darco G-60 or Norit"A"): Wash the charcoal n'ith extracting

solution uurtil it is free of sulphate. (Test with bariurr"r chloriclc solution)

-1. Standard sulphur solution:
(a) Dissolve 0.5434 gm of dried AR KzSO+ in lL of distilled water which gives

1OOpprn S as KzSO+

(b) Working standard of S is prepared by diluting 0,2,5,70,20,25,30 and 40 ml of
100ppm S solution with extracting solution to 100m1, to girre 0"2,5,10,25,30

and 40 ppm S.

L Acid "Seed" solution: Dilute 260m1 of conc. HCI to 400 ntl rvith distilled water and

acld exactly 100 ml of 100ppm S, cool ar-rd dilute to 500m1 volttnre (6N HCI

containing 20pPrn S)

-i. Ilarir-rm chloride (BaClz.2H2O) crystal 20-60 mesh
(r. AR KzSO+

I) r',-rcctlttrc

\;.'iglr l0 spt soil in 125 ml Erlenmeyer flask and add 25 nil olamrtttlt.tiLllll acelate extracting

s,,lrrri,,,',. Shake it fbr i0 minutes. Add 0.25 gnl activated charcoal ancl contittLrc shaking for 3

rrirrrrtcs. I:ilter it through Whatrnan no.42 filter paper'. Take l0 nrl of the clear llltrate in another

lrr.lcnnrcvcr'flask, aclcl 1 ml of acid"seed" solution, swril to mix and aclcl 0.5 grn o1'BaClz'2H2O

c^sr.l. i.ct it stand fcrr I minute and then swril the solutior-r fi'equently until the crystals are

tliss.lyc.l. Alter the crystals are dissolved, read the calorimetric readirry at 420 nnl within the

ti rl,' int.'n irl of 2 to 8 rninutes.

l(riir ri lrlrrnli ancl stanclards of 0,2,5,10,20,25,30 and 40 ppm sulphur as abovc iitlci lllot the graph.

('iric rrlitt ion:
ppnr S : R/4
u'here,
I{ : ppm S in the aliquot from the graph

IlL.rprstllt-qu
\i crv lora, <3 pprn

Y

Wq

)

ssffi



l.o* 3-7 PPnt
\ lctlir-rrn 7- l2 PPttt
lligh 12-17 PPm
VervI{igh>17PPm

9. \ Iicnrnutrients
1\ pprrlattts:

I . .\tottlic Absorption Spectrophotometer

2. .,\cel.r,Ietre gas clrlindet
i. l'aral'fiu wax Paper
1. S halie r

5. l'ipette 20 ml
(r. lit'lertnreyer tlask 125 ml
I(c ligcttts:
l- f t",,fU f enerriaminepeta acidic acid (DTPA) extracting solutiou:

l)iss.l'e 149.2 gn-r'ol-reagent gradL ffiethanolar.nine (l'EA)' 19'67 gm' of I)1'PA and14'7

!.11. ()['cacl:.21i:o in deiJnized distilled water (Glass dor-rble clistilled). (Since DTPA is t'tot

\ r.r' sol.ble in iater, place it in a small amoutrt ol rvater aud then dissolvc in the TEA

solLrri...) When tlie DTpA has dissolved, dilute to approximately 9 liters. Adiust the pH to

7.3+ 0.05 with 1 :l HCI (approximately 8.3 ml o1' 1:1 HCI are required)'

\4alic t. l0l- frnal volume. The pH sirould be checked periodically, b_ecattsc a pI{ of 7'3 is

crirically for the extraction. Thus prepared 0'005114 DTPA' 0'01N4 CaClz and 0'lM TEA

solr.ttiott is stable fbr several months'

1. (il1s, rlouble clistilled water or deionized distilled water (DDW)'

i. Statr.larcl Zirlc solution:

i) Stock Solution: Dissolve exactly o.43gg gm_Alt.ZnSOr'71-lzo in glass dor'rble distilled

rvater, add 25 ml 1 N HCI and dilute to 1 L Volumetric flask - 100 ppm Zn'

ii) \\igrkir-rg Standard: They are prepared by dilLrting-50 ml of 100 ppm Zn to 250 ml (20

ppm Z') and then further aitrrtion ofb. Z'S.5. 10. 15 and 2-5 nrl of this 20 ppm Zn to

250 .rl with DTpA extracting solution to give 0, 0.2, 0.4, 0.8. i.2 ancl 2 ppm of Zn'

4. Strtniirrlcl Fe soltrtion
i) Sr.ck solution: Dissolve 0.7023 gm AR Fe(NH+)z(So4)2.6H2().in deionized distillecl

water (DDW) and add 20 mloT t N HzSO+ Oxiclize it by aclding 25 nrl l% KMnO'r

slor.r,ly a,cl then drop wise till the pink color jurst stays. Dilute to exactly 1L -100

ppm Fe.

ii) \\ orking Standarcls: They are prepared by dilrrting 0' 5, 10, 15' 20 anci 25 ml of 100 ppnr

Fe to 100 ml with DTPA extracting stlutio,r to give 0.5, 10. 15,20 and 25 ppm Fe'

). Stitn.irtrt'l Copper Solution
i) :irtrck Solution: Dissolve O3g2g gm AR CuS-OqiHzO in 500 Iril DD rvater" add 20 ml

INI-IzSo+anddilutetolLinvolumetrict-lask-l00ppmCrr.
ii) \,\'rrking Staldards :They ur. fr.pur.d by diluting 50 ml of 100-ppm Cr-r to 250 ml (20

pprn cu) and then further aitiion of 0,2.5. s, ro, l5 ancl 25 ml o1'this diluted (20

ppm cu) to 250 rnl with DTPA extracting solution to give 0' 0'2' 0'4' 0'8' l '2 and

2.0 PPm of Cu.
(r. Stltrr.lllcl Mn Solr"rtion

i) Srock Solution: Dissolve 0.2877 gm potassiLlnl permallganatc in 500m1 DD water and

acld 25 rnl lN HzSO+. Boil Tor few minutes ancl carclirlll' adcl l'2 grl sodium

sulpftate crystal eJazSOq.THzO). Boil agaip t6 r'cm()\/e SO:' cool agd tnake up the

volurne to 1L - 100 PPrn Mn'

R{ ,-ffi*,
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ll) \,\'orliing Stanclarcls: They are prepared by diluting 0. 5, 10. 15.20 and 25 rlrI of 100 ppm

),lrr soltition to 100 ml with DTPA extracting solution to give 0,5, 10. 15,20 and25

pprtr Mn.
l:r tritction Proc

\\,, eigh i0 gm of air-dried soil in al25 ml Erlenmeyer tlask ancl add 20 ml o f the DTPA

crrr.ircting solution. Cover the flask with paralfrn or polyetl-rylene stopper and secure

Lrpriglrt o1 a horizontal shaker with a stroke of 8.0 cm aud a speed of 120 cycles/min.

.\ri.i.exactly 2 hor-rrs of shaking, filterthe suspensiou b-v gravity thror-rgh \\/hattlanNo.42

lilrcr paper. The shaking time ir r"ry important because extracting is rtot con'rplete in 2

6c,,,rs. litre taUite and non-labile quantities of the trace elements rvill contirttrc to dissolve

c,.,, after 2 l-rours). The filtrate may be usecl to analyze for the trace eleuetlts []e, Cu, Mn,

7_rr 1ith AAS afier standardization for particr"rlar cletletrt.

a) r\r'aillblc Zinc
place /-i,c Hollow Cathode Lamp in the working lamp turret ancl let it rvartrl fbr specified

periocl rrs per the instruction of the manufacturer. Light the bttrner r'rsing air anci acetylene gas,

acllLrst tlrc slit, wavelength and burner height as per the instruction of AAS rr-rzrnlrlitoturer. Let it

\\a.., li,r.5 urinutes and standardize AAS using 0 ancl 2 ppm Zn stanclard. Rurl series of Zinc

stanclat'rls. rtote the absorbance reading and draw graph'

As,ir..tc the soil extract, note the abiorbance reading and determine zinc in solution from the

gralth.

Calculitt iolt:

1.rpnr /.n in soil : 2 X(R-B)
\\'hc lc

It is the ppnZn in soil extract from the graph'

Il is thc ppm Zn in Blank extract from the graph

Inte rlt tlrtron

Factors l1'lecting the interpretation of the soiI test clata are pH" CaCO.r percerlt- phosphorus,

organic lttatter, clay percent, CEC'
-t1:pical r.arge is ciltical level for DTPA extractable Zn is reported to be 0.2 to 2 .0 Zn mglkg

(lrprn) uncl average critical value is 0.8 Zn mg/kg'

Very low
[.ow
N4cdium

Itiglt
\/ery high

<0.5 ppm
0.5-l ppm
1-3 ppnt
3-6 ppni
>6 ppm

b) Avail:rblc CoPPer
place co'per Hollow Cathode Lamp in the working turret, proceed as in the Zinc cletermination,

note the ubsorbance reading of copper standards and clraw graph'

As,ir.irte t5c soil exlract. note the absorbance reading ancl cletermine cu itl soltttion from the

graph.

Calctrlat iotl
ppnr Ctt in soil:2 X(R-B)

Wherc.
It is thc ppm Ctr in soil extract from the graph'

lJ is ilrc ppm Ctr in Blank extract from the graph

)(/pk iq
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Intc

Intc.rpre.tation
Iractors ]ffecting the interpretation of the soil test data are pH, organic matter, CaCO3 percent
ancl crop.
T-r'lrical |attge is ffitical level for DTPA extractable Cu is reported to be 0.12 to 0.25 Cu mg/kg
(ppm).

Very low <0.3 ppm
I-ow 0.3-0.8 ppm
\ lcdiurn 0.8-1.2 ppm
lligh 1.2-2.5 ppm
\Iery high >2.5 ppm

c) Ayailable Iron
Placc' Iron Hollow Cathode Lamp in the working turret, proceed as ip the Zinc
cletc'r'nrination, note the absorbance reading of Iron stanJards and d-raw graph.
AsPi|ate the soil extract, note the absorbance reading and cletermipc Fe in s.lulion from the
graph.
Calculation

ppm Fe in soil:2 X(R-B)
Whe lc,

It is the ppm Fe in soil extract from the graph.
I is the ppm Fe in Blank extract from the graph
llrtion

Facttll's affecting the interpretation of the soil test data are pH, CaCO3 percent, organic
nrancr'. aeration, soil moisture and CEC.
1'ypical range is critical level for DTPA extractable Fe in USA and Tropics is repofted to be
2.5 to 5.0 Fe mg/kg (ppm).

\rcry low <5 ppm
I.uu' 5-10 ppm
\ Ie dir"rnr l0- 16 ppm
Iligh 16-25 ppm
Very high >25 ppm

d) Available Manganese
Placc Manganese Hollow Cathode Lamp in the vv'orking turret, proceecl as in the Zi,c
cietc'r'rlliltation, note the absorbance reading of Mangarrese standar.cls and clraw graph.
Asllilttte the soil extract, note the absorbance readine ancl cleterrnine Mn in solution fi.om the
graplr.

ALlbuel
p;rnt Mn in soil :2 X(R-B)

Whcrc.
li is the ppn-r Mn in soil extract from the graph.
Il is the pprn Mn in Blank extract from the graph.

In tcrr-r tirtron
Factors affecting the interpretation of the soil test data are pH,organic matter. CaCO3percent
ancl texture.
'fyPical lange is critical level for DTPA extractable Mn is reportecl to be 1.0 to 5.0 Mn
r.r'rq/li. (ppm) and average critical value is I.4 mg/kg.

Ven lo',v

I-c'ru'

l\4ccliuru

.4 ppm
4-8 ppm
ll-12 pprr

/

)

i\9
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High
Verr high

l2-30 ppm
>30 ppm

c) Availablc Boron
Methorl : Azornethane-H

Appqau,':.
o Watcr bath

. Spectrophotometer
o Whutman filter paper no 42

Reage'nts:

l. Calciurn chloride solution (CaClz.2HzO), 0.01 M:
Dissolve 1.47 gm Calcium chloride dehydrate (CaClz.2HzO) in deionized rvater or double-

distillcd r,vater and bring to 1-L volume.
2. BLrfilr Solution:

Dissolve 250 gm Ammonium acetate (NH+COOCIIt), atrci 15 gm

lltlir lcpediarninetetraacetic acid disodium salt (ED'I-A disoclium) in 400 nrl cleionized water

or cleLrble-distilled water. Slowly add 125 ml Glacial acetic acid (CI-I-ICOOI I)" and rnix well.

3. Az-onrethine-H Solution (CrzHrzNNaOsS2):

Dissolve 0.45 gm Azomethine-H and I gm L-Ascorbic acid in deionized water or double-

clistilleci water, and bring to 100 ml volume. It shor"rld be prepared at least 24 hours before

use ancl stored ir-r a polypropylene bottle wrapped in a foil and placed in a refi'igerator.

4. Stanrlard Stock Solution:
Borou stock sol iori ( 1000 oom): Dissolve 5.715 gnr Boric acic'l (ll3B03) in cle ionized water

or tl,ruble-distilled water and brir-rg it to 1-L volutlre

llolon stock sol utior-r ( norn): Pipette 5 ml of the 1000 ppm stock soltttiott into a 1-[-

volrrrnctric 1'lask, and bring to volume with deionizccl or cloublc-clistillecl wate r

rrr lvorkin Pipette 0.25, 0.5, 1.0, 2.5 and 5.0 rnl of the 5 ppm B stock

free volumetric flasks. 'fhis gives a series of uorliing standards

r,i,itlr i] conce ntrations of 0.05, 0.1,0.2,0.5, ancl 1.0 pprlr B

Procecl ttre :

r\. Ilxtlaction
\\/cigh 15 gni air-dry soil (2 mm) in a heat-resistant plastic pot"tch.

r\dd 30 nil 0.01 M Calcium chloride solution.

Scal the top of the pouch with the sealer, arrd shake tl-re sealed por-rch b1'hancl to mix the

e optelts ultil the water is evenly distributed tltroughout tlie soil satnple.

t'arelulll,place in the boiling water bath and allon,to starld fbr l4 tnitrutes.

lienrove the pouches and allow cooling in a colcl-water bath.

Cgt the top corner of the pouch, and then filter the suspettsiou through Whatman No. 42

litter paper into a boron-free beaker.

I] Measuretnent

r I,ipette 5 ml aliquot of the extract into a 25 ml boron-fi'ee volurltetric flasli'

r i\cld 2 nrl buffer solution.

r ,\cld 2 ml azomethine-H solution, and mix well.

. l,repare blank and standards (0.05, 0.1,0.2,0.5. and 1.0 ppm) by adding all the solutions

in the saure amount except the aliquot.

r N,lake 25 ml volume by adding deionized u,ater or double-distilled r'vater.

solution into 25 ml boron-

a

a

a

a

a

a

a I(cad the absorbance of blank, standarcls-

S lrcctro1rlrotometer at 420 -nm wavelen gth.
ancl satnples after I hour otl the

W\
ic )

P8Brwd
'r?r:en,

(



a l,r.cpare a calibration curve for standards, plotting the absorbance agaitlst the respecttve

lJ concentrations.
I(ead B concentration in the unknown samples 1i'om the calibration cllrve

ml of 0.lN NaOH and dilute to little I litre. Make this soltrtion slightll'

a

.vv2
I) (ppnr ) : B flonr strrttdrrrd culve x ,* x *

Clalculatiott

u hcte'.

\/ : Total volume of the soil extract (ml)
Wt: Weight of air-dry soil (g)

\/ r : Volume of aliquot taken (ml)
\'': : Volume of aliquot made (ml)

IntcrPretation
\/cry low <0.4 ppm
[.orv 0.4-0.7 PPm
i\ lecliun-r 0.7 -1.2 PPm
lli-qh 1.2-2 ppm
\/!:ry high >2 ppm

t) Available Molybdenum
Acid Anrntonium Oxalate method:

Appat'attts
. l:r'lenmeyer l1ask or naffow mouth polyethylene bottle

r Slraker
e Scparating funnel with rack
r Slrcctrophotometer
o \\/ater bath
o N,lirllle f urnace

Reagents
o ( ilass clotrble distilled water or deionized distillcd water

o l:xtracting solution: Acid Ammonium Oxalate. 0.2N IlzCzO+.2HzO rvith 2'5 percent

(NI I*)2C2O+.HzO, pH 3.3: Dissolve 24.9 grn ammonium oxalate and 12.6 grl oxalic acid

in lL distille<l water. The pH of the solution should be near 3.3.

r ltydrochloric acid 6.5N, containing Fe3n: Dissolve 0.5g ol'FeCI3.6Hzo in I Litre of 6.5N

IICI
. ('itric acid (Crystal)
o orsanic extr-actant : Mix equal volume of carl'raon tetra-chloricle and isoitttlr I alcohol

. l)otassiuun thiocyanate (KCNS) solution: Dissolve 40 gm of KCNS iu rl'ater. and dilute

solution to a volume of 100 ml

Stannolts chloride (SnClz.2HzO): Put 40 gn-r SnC'lz.2l{zo in 20 ml 6.5N l lcl. Add water
a

to clissolve the salt and dilute tl-re solution to vollttle ol 100 rll
r \\i ash solution: fake 10 ml of 6.5N HCI corltaing ltc3n. i5nrl ol' \\ rltr'r. I rnl ol'

SnClz.2l-lzO. 2 ml of organ ic extractant and shake fbr 2 trrinutes. AlloN the phases to

scllarute lor l0-15 minutes. Use the aqLleols pfiase ol'this solLtti6n as 
'1lrsh 

solution for

lcnroving interf-ering colour due to titaniurn atrd vattaclilttll

Standarcl Mo solution, 100 ppm: Dissolve 0'150 gnt of nrolybdenun'r trioxicle (MoO3) in

) , -(1

a

100 less tli4n

{k,
,,'m, 'lrq {t,

<r8'M1



acidic with HCI and make the volume to I litre rvith distilled water. f'his soltrtion should

tuse lor preparing working standards.

Prclcedut'c

Ertraction
o \\reigh 25 gm soil in 500 ml Erlenmeyer flask oL polyethl'lene bottle, atrcl acld 250 ml of

acicl ammonium oxalate solution. Shake for 16 hours. Then t-rlter suspe ttsiot.t through

\\i hatman filter paper (Filter paper should initially w'ashed with 6.5 N IIC'l) and discard

the'llrst l0-15 ml of filtrate.
o 'l'r'ansfer an aliquot of the filtrate 200m1 to a polcelain evaporating dish.

o I:r,aporate the solution to dryness on a water bath.

o lgnite the residue with high temperature 500'C in a rlr-rflle furnace for 5 hortrs to destroy

oxalate and organic matter.

Estimation
o C'gol the dish, and add 1Oml of 6.5N HCI, and transfbr the solution quatrtitatively to a 50

rul separating funnel for molybdenum determination.

o t)ilgte the HCl-molybdate to 45ml with distillecl rvater ancl add 1 gm ol-citric acid and2

to 3 r-11 of organic extractant, shake the mixture and allorv 10-15 minutes ltlr the phases

1o separate; discard the organic extractant which is the lower phase of the lr.rrlnel.

o Agail mix I ml of the KCNS solution with the sample solution, follow'ecl b1' 1 ml of the

SnClt solr.rtion.

o ,\cid 1.5 ml of organic extractant to the coloLtred cotttltlex and shakc lbr 2 rninutes.

,,\llorv 10-15 minutes for phase separation, ancl then discard the aqueotts phase, using

Iine tubing dropper.
o ;\dd 20 ml of wash solution and shake mixture for 2 minutes. Again allow 10-15

lrilutes fbr phase separation, and then discarcl the aqtteotts phase, tlsing line tubing

tlropper. Repeat this step and upon completing this shaking tirne, invert the lunnel to

llcilitate washing out its tip with water.

o Dr"v- the tip with the support of vaccum. Open the stopcock of the itlvertccl funnel, ancl

clrl,the stopcock bore with vaccum.

o Cllose the stopcock, shake the funnel quickly, ancl allow the phases to sellarate for about

l-5 rninute by making funnel in upright position.

o 'l-lte clelr coloured supernant solution is usccl 1br ttleasuretnent (N4o-thiocyanate

contplex) at 470 nrn.

o 'l'6e r,vork op blalk a1d prepared stanclard soltttiott (0.1.0.4.0.(r.0.8. I ppnl) should be

rlotre as done above in the sample.

Calculation

N4o : C x (250125) x (Vl/V)
C' : concentration determined from standard cun'e

\/ l : VolLlme of the aliquot made upon follou'ing t'ariotts treatnlents

\j : Volume o1'aliquot taken

Note:1'hc givenratings of the above testparameters ctre inupltcr limit excltrsit,c clu'vs interval.

For excrltltle, in case of pH determination, tf the test restrlt is 5.5 then, it belongs' to moderately

ucidic gt.orp. Similar is the case for the test o.f OM, T'olul nilrogen, Avcrilable Phrtsphorus',

At,ctilablt: l'oltt:;sittnt, Culciutn, Sulphur, Z,

A'l t t I 1tb tl r' n u nt r e s p e c' I it' ely

?

T}J\ /

2

'inc, Coltper. lron, Mangcme.s'c' lloron ancl" ffi:*r*ffi$o
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