SATURATION PERCENTAGE S-1.00
Saturation Paste Extract

Scope and Application

Thismethod quantifiesthe soil water contentofasaturated soil. Atsaturationallsoil pore spaceis occupied by waterand nofreewater
collectsonthesurface. Salinity croptolerance data; the relationships between cation solutionconcentrationsand soilexchangeable
cations(i.e.SAR); andsoluble soilboron,arebased onthe saturation paste extract(U.S. Salinity Laboratory Staff, 1954and Robbins,
1990). Fromthesaturation paste, soil pHmay be determined directly onthe paste (Method S-1.10). By extracting the liquid phase
ofthe saturation paste underpartial vacuum e stimatesof: electrical conductivity, EC(soluble salts); solutionconcentrationsof Na*,
K*,Ca?",Mg*",CI',HBO,,NO;, SO, %, Mn 2", Se0,*, HCO,', COS; and SAR can be determined. Estimates of soil water holding
capacity, wilting pointand texture can be made fromthe saturated moisture content. Themethodisgenerally reproduciblewithin+
12%, dependent on the soil textural class (Klages, 1984).

Equipment
1. Analytical balance: 500.0 g capacity, resolution + 0.1 g
2. 500 mL container and cap (polypropylene container or 16 oz waxed paper cups).
3. Spatula, Blade 17.5 mm x 100 mm length.
4. Buchner filter assembly (preferably plastic) and vacuum system (capable of - 90 kPa).
5. Whatman No. 5 filter paper, or equivalent highly retentive filter paper.
6. Testtube or vial, 50 mL, polypropylene with cap.
Reagents
1. Deionized water, ASTM Type | grade. EC <104dS m™*
Procedure
1. Weigh200.0%0.5gair-drysoil pulverizedtopass 10 meshsieve (< 2.0mm)ofknownwater content(P,,, %),intoa500mL
container and record total weight (See Comments #1 and #2).
2. Graduallyadddeionizedwaterand mixuniformly (free of partially wetted clumps) untilasaturated pasteis obtained (See
Comments #3 and #4). At saturation, the soil paste:
i. Does not have free standing water on the surface of the paste.
ii. Solil paste slides freely and cleanly off a spatula (does not apply to high clay soils, > 40% clay).
iii. Paste will flow slightly when the container is tipped to a 45 degree angle from horizontal.
iv. Soil surface glistens as it reflects light.
v. Consolidateseasilybytappingafteratrenchisformedinthe paste withtheflatside ofaspatula(maynotapplytosandy
soils >70% sand).
3. Recordweight, capcontainerand letstandforfour(4) hours. Checksaturationcharacteristicsagainandadd soilorwateras
needed to obtain the desired characteristics (See Comment #5).
4. Record the mass of the soil (g) and total water (g) added.
5. After equilibration, thoroughly remix samples and determine soil pH, Method S - 1.10 (See Comment #6).
6. Transfersoilsaturation pastetobuchnerfunnelfilter paperandspreadevenly oversurface. Apply-80KPavacuumandcollect

filtrateintesttube. Discontinue vacuumwhen cracksappearinsoil paste. Refilteriffiltrateisturbid. Determine EC,, HCO
andCO2withinfive (5)minutes (Methods S-1.20and S- 1.30). Capandretainfiltrate foradditional analysis (See Comments
#7, #8 and #9).
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Calculations

SP % = _ (Amount of water (g), added) > 100 [equ. S-1.0-1]
(mass of air dry soil (g) > ((100 - P,,)/100)

Report saturation percentage (SP) to the nearest 0.1% (See Comment #10 and #11).

Comments

1. Soil samples should not be oven-dried above 70 °C prior to extracting for soluble salts.

2. For organic soils ( >16% organic matter) it is advisable to start with a 150 mL of water and add soil material.

3. Finetexturedsoils(>40% clay) may puddle easily. Tominimize puddlingand obtainamore definiteendpointwithfine-
texturedsoils, water should beaddedwithaminimumamountofstirring, especiallyinthe early stages of wetting. Peatsoils
(=16% organic matter)willrequire soakingfortwenty-four (24) hours. Themethod can be used assessgreenhouse potting
media.

4. Somefinetexturedsoilsswellconsiderably uponadditionofwater. Inthese cases, steps2and 3mustberepeated untilthe
paste characteristicsarestable. Forsalinity appraisal the paste can be extracted after four (4) hours; however, for sodicsoil
samplesitshouldstandsixteen (16) ormore hours. Fortheassessmentofsoilsoluble boron, twenty-four (24) hoursof paste
equilibration is required.

5. Coarsetexturedsoils,sandyloamandloamysandwithlessthan 15%clay, may notexhibitsaturated paste characteristics of
finertexturedsoils. Forthese soiltypestherelative accuracy ofthe method declinesand should be noted when making soil
comparisons.

6. Ifcalciumcarbonate precipitatesare notedinthe extract, dilute paste extract 1:1with deionized waterand notedilutionin
subsequentanalysis. Samples may be refrigerated (4°C)forstorage (donotallowtofreeze)for30days. Smallquantities (200
uL)ofthymol ortoluene may be addedto minimizetheinfluence of microbial activity while samplesarerefrigerated (Carlson
etal., 1971).

7. Determiningsaturated paste percentagealternative: take a30-50gsubsample ofthe paste, weigh, ovendry at 105°Cfor
four(4) hours, reweighand calculate saturation percentage. Ovendry moisture valueswill be slightly higherthanthedirect
method as air dry soil will retain 3-5% moisture, dependent on clay and salt content.

8. Extractionconsistencyisbestachievedusingavacuumof-60to-80KPa(-0.6to-0.8bars)appliedforthirty (30) minutes
(Jacober and Sandoval, 1970). Soils maybe centrifuged.

9. Approximatelyone-quartertoone-third ofthewateraddedin making the saturated paste canberecoveredasextract(Loveday,
1974).

10. SoilField Capacity (FC, 33kPa)canbe estimated fromthe saturation percentage asfollows: SP < 0.5=FC. Soilwater potential
PermanentWilting Point (PWP, 1500kPa) can be estimated asfollows: SP < 0.25= PWP. Saturationpercentageisrelated
to soil texture as follows (based on organic matter contents less than 3%o):
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SP (%) Soil Texture

0<20 sand or loamy sand
20-35 sandy loam

35-50 loam or silt loam
50 - 65 clay loam

65-135 clay

> 81 organic soils

Forfine-texturedsoilsandthosehighinsodium (SAR>10), SPcannotbe usedtoestimate FCand PWPvalues (Reevesetal.
1954).

11. Soilsaturatedpaste hasbeenusedtoaccessMntoxicity onsoilsfromHawaii. Concentrationsof Mngreaterthan0.5-1.0mg
L are toxic to most crops, specifically vegetables.
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SATURATION PASTE SOIL pH S-1.10
Scope and Application

This method semi-quantifies the soil pH of a soil saturated paste (Method S - 1.00). Soil pH is a measure of the relative acidity ¢
alkalinity of the soil solution that is in equilibrium with the solid particles. Itis a measure of the intensity of acidity or alkalinity,
but does not indicate the relative buffering capacity of the soil. It is most applicable to salt-affected soils with a pH ranging from
to 9.0 (Robbins et. al. 1990). Soil pH is measured to access soil chemical properties, crop suitability, lime needs and relative
nutrient availability. The method is generally reproducible within & 0.10 pH units.

Equipment

1. pH meter, equipped with pH electrodes (indicating and reference).
2. Primary standard buffers, pH 4.00, 7.00, and 10.0.

Procedure

1. Prepare a saturation paste, as outlined in Method S - 1.00.

2. Standardize / Calibrate the pH meter: (1) rinse electrode with deionized water and place in pH 7.00 primary standard buff
and adjust as necessary; (2) rinse electrode and place in pH 4.00 primary standard buffer; (3) adjust the slope until
response is +£0.05 units of expected response; and (4) check pH 7.00 primary standard buffer and adjust as necessary (S
Comment #1). For high pH soils ( >7.00) use pH buffers 7.00 and 10.0.

3. Insert electrode into soil paste and gently rotate the container to remove entrapped air. When the meter has stabilized
record soil pH as pH,, to the nearest 0.01 pH unit.

4. Remove electrode(s), rinse with deionized water and blot excess water with filter paper (See Comment #2).

Comments

1. Follow manufacturer's guidelines if meter does not read within 0.05 units of primary standards. Maintenance of combination
electrodes differs from that of separate reference and glass electrodes; refer to manufacturer's instructions.

2. Store pH electrodes according to manufacturer's instructions (recommended practice is to store the electrodes in a primary
standard buffer).

Literature
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SATURATION PASTE SOLUBLE SALTS EC, S-1.20
Electrical Conductivity

Scope and Application

Thismethod quantifiestheamountofdissolvedsalts(mgL ) by measurementofthe electrical conductivity (EC,) of the soil saturated
paste extract (MethodS-1.00). TherelationshipbetweenEC and soluble saltsisapproximate due todifferencesinequivalentweights,
ionequivalentconductivities, andrelative proportionsofmajorsolutesinthe pasteextracts(Robbins, 1990). TheEC,measurement
issensitivetotemperature andincreasesapproximately 1.9% per°C(range 15- 35°C)(Rhoades, 1996). AlEC dataisnormalized
to25°C. Salttolerance cropdataisgenerallyexpressedintermsofthe (EC ) ofthe saturationpasteextractand usedtoassessthe
potential of soluble soil saltswhich may limitcrop productivity. Themethod detectionlimitisapproximately 0.01dS m™{mmhoscm?)
and is generally reproducible within = 7%.

Equipment

1. Conductance meter with dynamic range from 0.01 to 100 dS m™ conductance, temperature compensating, 25 °C.
2. Conductancecellhavingacellconstant(K)appropriatetothe ECofthe samplebeingmeasured (see Table S-1.2-1). Pipet-type
or dip-type cell and it recommended that it be capable of measuring temperature.

Reagents

1. Deionized water CO,-free, ASTM Type | grade. EC <10*dS m™.

2. StandardReference Calibration Solution. Dissolve 0.7456 g KCl (previously dried at 110°Cfor2h)inCO,-freedeionized
wateranddiluteto1.0L. At25+0.1°C a 0.010N KClsolutionwillhaveanEC,0f 1.412dS m(mmhoscm?).Fora0.100
N KClsolution(7.456gKCldilutedto 1.0L)willhaveanEC,of 12.900 dS m™. Standard EC calibration solutionsare listedin
Table S-1.20-A and can be purchased from a scientific supply vendor.

Procedure

1. Prepare a saturation paste, as described in Method S - 1.00, and retain extract for EC, measurement (See Comment #1).
2. Calibrateconductancecell. Operateandadjustinstrumentinaccordance with manufacturersinstructions(See Comments#2
and#3).Rinse conductance cell withthreealiquots of 0.0IN KCI, adjustafourth portionto 25+0.1°C, measure R (where R
isthe measuredresistance ohms)and temperaturet. RepeatmeasurementofRuntil valueisconstant. Calculate cell constant
K. Develop four point calibration curve.

K = (0.001413) R)/[1+0.019(25-1)]
3. Rinseconductancecellwithdeionizedwater. Drawapproximately 2.0 mL ofsoil saturation paste extractsolutioninto
conductance cell rinse and replace with a second aliquot. When the meter has stabilized record instrument reading.
Calculations
EC,; = C,(1000)K[1 + 0.019(25 - t)]
Where: C, is the instrument measured value of the sample and t is temperature
Report EC, to the nearest 0.01 dS m™ as EC, 25 °C.
(See Comments #4, and #5)
WCC-103 Publication

WREP-125, 2" Edition
21



Table S -1.20-A Conductivity of KCI solutions at 25 °C (Rhoades, 1996).

Concentration N Conductivity dS m!
0.001 0.147
0.010 1.413
0.020 2,767
0.050 6.668
0.10 12.90
0.20 24.82
0.50 58.64

Comments

1. Exposureofthesampletotheatmosphere may cause changesinconductivityduetolossorgainofdissolvedgasses: CO,and
NHN. Freshly distilledwater hasaconductivity of0.005-0.002dSm tincreasing afterafewweeksto0.002-0.004dS m™
This of special concern on samples with very low EC..

2. Cleanplatinumelectrodesthat areneworthatare providingerraticECreadingswith acid-dichromate cleaningsolution.
Cleaningsolution: 32 mLofsaturated sodiumdichromate (Na,Cr,0,) and 1L16 M sulfuricacid. Soakelectrodes16hours
followed by three rinses of deionized water rinses. If platinum is flaked, recoat according to procedure of APHA (1985).

3. For highly saline soils (EC, >8.0 dS m™) calibrate using 0.100 N KCl solution, EC, 12.90 dS m™.

4. Therelationshipbetweenconductivityandsolublesaltsisapproximate duetodifferencesinsolutes, solute conductivities,and
equivalent weights. The general relationship (for solutions with an EC, range of 0.10 - 2.0 dS m™Y) is:

Dissolved salt concentration (mg L™ = 640 < EC,, indS m™
Total cations (or anions) (mmolc L or meqL™Y) = 10 x EC,, indS m™
Osmotic potential at 25°C (KPa) = 0.39 < EC,, indS m™

ThefactorforconvertingEC,tototal dissolvedsalts (mgL %) ranges from 550 to 900 dependentonthespecificanionspresent
andtheir concentration. Forestimatingapproximatetotal cationsoranions, USDAHandbook#60, Figure 4, graphically shows
this relationship for typical salt concentrations.

5. Plant tolerances to salinity (EC,) of the soil saturated paste extract shown in Table S -1.2 - B.
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Table S -1.20-B Impact of saturated paste soil salinity (EC,) on plant growth.

dsm? Plant salinity effects, productivity reduced 25%.

0-2 salinity effects negligible (field bean, carrot, onion, red clover strawberry)
2-4 very sensitive crops affected (spinach, lettuce, citrus, grape, alfalfa)
4-8 moderately salt tolerant crops affected (tomato, beet, wheat)
8-16 only salt tolerant crops yield satisfactory (barley, wheatgrass cotton, asparagus)
> 16 few salt tolerant crops yield satisfactory
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SATURATION PASTE EXTRACT ALKALINITY S-1.30
Bicarbonate and Carbonate

Scope and Application

Thismethod quantifiesbicarbonate (HCO4*) and carbonate (CO,%) concentrationinmmolc L (megL %) inthe soil saturation paste
extract(MethodS-1.00). ltisbased ontitrationwith0.10N hydrochloricacid. Thedetermination of HCO,* and CO,* should be made
immediately due to the potential oftheextractbeing super saturatedrelativetocalciumcarbonate (CaCO,). The concentration of HCO,™
affectsthe solubility of calcium, the ionicstrength ofthe extractsolutionandisusedto calculate the adjusted SAR (Robbins, 1990and
Hansonetal. 1993). Themethod detectionlimitisapproximately 0.05mmolc L YmegL Yandisgenerallyreproduciblewithin£10%.

Equipment

Titration burette 50.0 & 0.2 mL, or automatic titrator.

pH meter and combination pH electrode.

Pipette, 2.0 +£0.05 mL and 5.0 + 0.05 mL.

50 mL beaker.

Magnetic stir plate and micro size (0.25 mm) Teflon coated magnetic stir bar.

SAE I

Reagents

1. Deionized water, ASTM Type | grade.
2. Primary standard buffer solutions: pH 4.00, 7.00 and 10.0.
3. Standardized hydrochloric acid (HCI) solution, 0.020 N with respect to H* (See Comment #1).

Procedure

1. Prepare asoilsaturatedpaste extractaccordingtoMethod S-1.00andretainextractforcarbonateandbicarbonateanalysis.

2. Standardize/calibratethe pH meter: (1)rinseelectrodewith deionizedwaterand placeinpH7.0 primary standard bufferand
adjustasnecessary; (2)rinse electrodeand placein pH4.0 primary standard buffer; (3) adjustthe slope untilresponseis+0.05
units of expected response; and (4) and recheck standard buffers (See Comments #2 and #3).

3. Place 1.0to50mLaliquotofsaturation paste extractinbeaker,and bringto50 mLvolumewithdeionizedwaterandadd
magneticstirrer. PlaceonstirplateandinsertpH electrode (See Comment#4). Recordamountoftitrantneededtoreacha
pH of 8.3 for CO,* and 4.5 for HCO," to the nearest 0.2 mL.

4. Determine the amount of HCO," in deionized water blank solution.

Calculations

CO,> mmolcL* = (2 xP xN)x1000 HCO,*mmolcL? = (T-(2xP)) x N x 1000
aliquot (mL) aliquot (mL)

P = number of mL of HCI of normality N to reach CO,? inflection point, pH 8.3;
T = number of mL of HCI of normality N to reach HCO," inflection point, pH 4.5;
aliquot = volume of saturation paste extract sample, mL.
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Comments

1. Standardized 0.020N HClsolutioncanbe preparedfromdilutionof 1.00 N HCl standard referencesolutionorstandardized by
titration of known bases (Horneck, 1989).

2. Follow manufacturer'sguidelinesifmeterdoesnotreadwithin0.05 unitsof primary standards. Maintenance of combination
electrodes differs from that of separate reference and glass electrodes; refer to manufacturer's instructions.

3. StorepHelectrodesaccordingtomanufacturer'sinstructions (usualrecommended practiceistostore the electrodesinaprimary
standard buffer).
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SATURATION PASTE EXTRACT SOLUBLE CHLORIDE S-1.40
Chloride

Scope and Application

Thismethod quantifiesthe concentrationofchloride(mmolcL *ormegL ) inthe saturation paste extract(Method S-1.00). Chloride
may be determinedusinganionselective electrode (potentiometric), chloridometerorionchromatographyinstrumentmethods. Plant
tolerance to chloridecanberelatedtoitsconcentrationinthesoil saturation paste extract. Themethod detectionlimitisapproximately

0.1 mmolcL *dependentonthe method of analysisand is generallyreproduciblewithin+=10%. TheunitmmolcL listhe accepted
scientific unit for reporting the concentration of anions and cations and is equivalent to meq L™,

Equipment

1. Solid-state chloride electrode and double junction reference electrode, chloridometer or Cl titrator.
2. pH/ion meter or millivolt meter.

Reagents

1. Deionized water, ASTM Type | grade.
3. Chloride standard, 1.0 mmol, L':: Dissolve 74.1 mg of KCI in 500 mL of deionized water and dilute to 1.0 L final volume.

Procedure

1. Prepare a soil saturated paste extract according to Method S - 1.00 and retain for chloride analysis (See Comment #1).
2. Determinethechloride concentrationbyionselectiveelectrode, chloridometerorion chromatography. Theinstrument
chosenwiilldetermine specific matrix modificationsand sample dilutions. Adjustand operateinstrumentsinaccordancewith
manufacturersinstructions. Calibrate instrumentusing calibration solutionsand determine chloride concentrationofamethod
blankandunknownsamples(See Comments#2and#3). Reportchloride concentrationinsaturation paste extracttothe
nearest 0.1 mmolc L (See Comments #4).

Comments

1. Care must be taken to clean all labware prior to analysis. Wash all labware with 0.2 N HNO; and deionized water.

2. Toaccuratelydeterminesaturation pastechlorideconcentrationslessthan2.0mmol, L%, itisadvisable to use standard additions
techniques and potentiometric analysis (Fixen et al., 1988)

3. Samples containing chloride concentrations greater than the highest standard will require dilution.

4. Tolerance of plants to soil chloride levels in the soil saturated extract is listed in Table S-1.40-A.
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Table S-1.40-A Tolerance of some plants to chloride in the soil saturated extract.

Crop Chloride (mmol, L)
Alfalfa 23
Barley 90
Beets 90
Citrus (rootstock dependent) 10-25
Corn (2-8 leaf stage) 70
Cotton 50
Grapes (Thompson Seedless) 25
Tomato 39
Wheat (young) 25
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SATURATION PASTE EXTRACT SOLUBLE BORON S-1.50
Azomethine-H Spectrophotometric / ICP-AES

Scope and Application

This procedure quantitatively determinesthe boron concentrationinthesoil saturation paste extract(Method S- 1.00). Itisbasedon
the complexation of azomethine-HwithHBO,toform colored complexinanaqueous matrixwithsubsequentspectrophotometric
measurementat420nm (W olf,1974). EDTAchelateisaddedtominimize chemicalinterferences. The methodisreadilyadaptedto
manual orautomatedtechniques. Boroncanalso be determined by Inductively coupled plasmaemissionspectrometry (ICP-AES) using
oneofthreewavelengths. Themethodquantifiessoilboronconcentrationswhichcanlimitcropyield orbe toxicto plantgrowth. The
methodis notapplicable forassessing potential soil borondeficiencies. Themethod detectionlimitisapproximately0.10mgL *and
is generally reproducible to within & 8%.

Equipment

Analytical balance: 250 g capacity, resolution = 0.01 g.

15 mL test tube or vial, polypropylene.

Pipette, 2.0 = 0.05 mL and 3.0 = 0.05 mL.

Vortex stirring device.

Spectrophotometer, wavelength 420 nm or ICP-AES 249.678, 249.773 or 208.959 nm.

s wONdE

Reagents

1. Deionized water, ASTM Type | grade.

2. Buffer-maskingsolution: Dissolve 250gofammoniumacetate (reagentgrade NH,C,H;0,),25.0 g of disodiumsaltof
ethylenedintrilo-teraaceticacid (Na,EDTA)in400 mL of deionized water. Very slowlyadd 125 mL of glacial aceticacid, while
stirringusingamagneticstirrer. Temporaryacidicconditionsmay causeaslightprecipitation ofthe EDTAsalts. Continueto
stirthesolutionuntilthe EDTAdissolves. Donotheatthesolution. Adjustthe buffertoapHof5.4to5.6withaceticacidor
NH,OH as necessary. Prepare fresh solution every two months.

3. Azomethine-H solution: Dissolve0.9gofazomethine-H,2.0gofL-ascorbicacidin50mL ofdeionized water prewarmedto
60 °C. Dilute to 100 mL and store in refrigerator. Solution is stable for forty-eight (48) hours (see comments #3 and #4)

4. StandardBoronCalibrationsolutions. Preparesixboroncalibrationstandards: concentration 0.05,0.20,0.50,1.0,2.0and4.0
mg L%, prepared in deionized water from a standard 1000 mg L solution.

Procedure

1. Prepareasoilsaturated pasteaccordingto Method S-1.00andallowtoequilibratetwenty-four (24) hours. Retainextractfor
boron analysis. Boron can be determined directly using an ICP-AES instrument using wavelengths specified in Appendi>

Spectrophotometric Analysis

1. Pipettea2.0mLaliquotofsoilextractintoal5mL polypropylenetubefollowedby 3.0 mLofthe Buffer-masking solutionusing
a pipette and stirr with vortex stirring device (See Comment #1 and #2).

2. Usingarepipette add 2.0 mL ofazomethine-Hreagentandstir contentsthoroughly. Allowthe mixturetostand sixty (60)
minutes.

4. Preparestandardcurvefollowingsteps4-5, substituting 2.0 mL of standard calibration solutionfor soilextract. Amethodblank
is prepared in the same manner using deionized water.

5. Adjustandoperatespectrophotometerinstrumentaccordingtomanufacture'sinstructions. Calibrateinstrumentusing standard
calibration solutions. Determineboron concentrationofamethod blankand unknownsaturation paste extracts (See Comments
#4 - #7).
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ICP-AES Analysis
1. AdjustandoperatelCP-AESinstrumentaccordingto manufacture'sinstructions. Determine Busingthe 249.773nmor249.678
nm wavelength (see Appendix A-1) and calibrate standards of 0.02,0.50, 1.0and 4.0 mg L %in deionzed water matrix.
Determine boron concentration of a method blank and unknown saturation paste extracts (See Comments #4 - #7).
Calculations
Calculate boronconcentration of saturated paste extractfromworking standard curve. Reportboronconcentrationtothe nearest
0.01 mg L™ of the saturation paste extract.
Comments
1. Prepare all reagents and perform all analyses in polypropylene or teflon labware. Do not use borosilicate glassware.
2. Check pipette dispensing volume,calibrate using an analytical balance.

3. EDTAchelateisaddedtoeliminatechemicalinterferencesfromAl,Feand Cu. Concentration ofthe chelate may havetobe
increased for soil extracts containing high concentrations of these elements.

4. Theazomethine-H reagentshouldbeaddedquicklysothatcolordevelopmentisequalforallsamples. Aconstantcheckmustbe
maintained on linearity and drift of the standard curve when analyzing a large set of samples.

5. Forsolutionswithadistinctcolorationoftheextract: Prepareasecondsolutionandblankforsteptwoofthe procedureadding 1.0
mL ofdeionizedwaterinplace ofazomethine-Hsolutionandvortexwell. The blankforthisdetermination consists of 5.0mLof0.02
M CaCl, solution and 1.0 mL of buffer-masking solution.

6. ForlaboratoriesutilizingICP-AESinstrumentationitissuggestedtousearinse betweensampleswith of 0.10 M D-sorbitol solution.

7. Plant sensitivity to saturation paste extract boron is as follows (USDA Salinity Lab., 1954):

BmgL?! Plant Sensitivity

< 07 safe for sensitive plants (peach, pear, plum)

0.7-1.5 moderately tolerant (cotton, wheat, bell pepper)

15-4.0 Toxic to all but tolerant plants (alfalfa, lettuce, sugar beet)
> 4.0 Generally toxic to all plants
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SATURATION PASTE EXTRACT S-1.60
CALCIUM, MAGNESIUM, SODIUM, AND SAR
AAS ICP-AES Method

Scope and Application

Thismethodquantitatively determinesthe concentration(mmolcL ™, megL 1) of dissolvedCa, MgandNainthe soil saturation paste
extract(Method S - 1.00)usingatomicabsorptionspectrometry (AAS) or Inductively coupled plasmaemissionspectrometry (ICP-AES).
A chemicalinterference solutionisusedtominimize chemical matrixeffects. The Sodium AbsorptionRatio (SAR) of saturation paste
extractiscalculated fromthe concentration ofthese cations. Therelationship between cation solution concentrationsand exchangeable
cationsinthesoil,isusedtoestimate exchangeable sodium percentage (ESP) fromthe SAR (Robbins, 1990). Themethod detection
limitforthese cationsisapproximately0.02mmolcL “*onasolution basisanditisgenerallyreproduciblewithin2=7%. Theunitmmolc
L't is the accepted scientific unit for reporting the concentration of anions and cations and is equivalent to meq L.

Equipment

1. Analytical balance: 250 g capacity, resolution + 0.01 g.
2. Atomic Absorption Spectrophotometer (AAS) Inductively coupled plasma emission spectrometry (ICP-AES) instrument.

Reagents

1. Deionized water, ASTM Type | grade.

2. Chemical interference solution, 5000 mg L lanthanum oxide (La,0,) - 2000 mg L%, cesium chloride (CsCl) solution. Dissolve:
4.691gLa0,and5.071gCsClin 1500 mL of deionized waterandadd 25.0 mL of HCIO ,and 25.0 mL of HNOjanddiluteto
2000 mL.

3. Standardcalibrationsolutionsof Ca, Mg, and Na: Preparesixcalibrationsolutionscontaining0.05-1.3mmolcL of Na, 0.05 -
3.5 mmolcL *of Ca, and0.02-1.6mmolcL *for Mg preparedfrom 1000mgL “*standardreference solutionsanddiluteto
volume with chemical interference solution.

Procedure

1. Prepare a soil saturated paste extract according to Method S - 1.00 and retain extract for cation analysis.
2. Diluteanaliquotofthesaturated pasteextract10:1withchemicalinterference solution (See Comment#1and#2). For

analysis by ICP-AES no chemical interference solution is required.
3. AdjustAASorICP-AESinstrumentaccordingtomanufacturersinstructions. Calibrate instrumentusingcalibrationsolutions

and determineindividually cation(Ca, Mg,and Na) concentrations of saturation pasteextractsandrecordasmgL “of analyte.

Calculations
[Ca] mmolc L''=Ca mgL!x 10 [Mg] mmolc Lt =_Mg mgL?*x 10
20.0 mg mmolc? 12.15 mg mmolc?
[Na] mmolc L'*=Na mgL?*x 10 SAR = [Na]
23.0 mg mmolc? (([Ca] + [Mg])/2)*

Report Ca, Mg, and Naconcentrationstothenearest0.1 mmolcL *and SARtothe nearest0.1 (See Comments #3,#4, #5and #6).
Comments

1. Saturation pasteextractsolutionscontaininggreaterthan 750 mgL " solublesalts(>1.2dSm™ estimatedfromEC_MethodS-
1.20) will require additional dilution.

2. Cations may also be determined on the saturation paste extract using ICP-AES or ion chromatography instrumentation.
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3. Ameasure of soil sodicity, molar proportion of cation-exchange sites occupied by sodium (Na,;,) can be calculated from the SAR
(U. S. Salinity Laboratory, 1954). CEC can be determined using Method S-10.1 or S-10.2.

Naexch
ESP = —x100 [equ. S -1.6-1]
CEC

100 x (-0.0126 + 0.0147 =< SAR)

ESP = [equ. S -1.6-2]
(10 + (0.036 + 0.1051 < SAR)

4. Soils having an SAR greater than 13 and/or ESP > 15% are considered sodic.

5. ForlaboratoriesutilizingICP-AES instrumentationcalibrate usethe 422.673nmwavelengthfor Ca, 285.213nmforMg,and 588.995
nm wavelength for sodium (see Appendix A) using the standards of the calibration ranges described above.

6. ForsamplesthattheHCO,constitutes morethan25% oftheanionsitmay be necessarytodeterminetheadjusted SAR. Seewater
method W - 1.60 to calculate.
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SATURATION PASTE EXTRACT SOLUBLE SULFATE S-1.70
Sulfate - Turbidimetric

Scope and Application

Thismethod quantifiesthe concentrationofsulfate (SO, mmolcL ormegL™Y)inthe soil saturatedpaste extract(Method S-1.00).
TheunitmmolcL isthe newaccepted scientificunitforreporting the concentration ofanionsand cationsandisequivalentto meq
L. Sulfatemaybe determined usingturbidimetric,ionchromatography, or ICP-AESinstrumentmethods. Thismethod outlinesthe
turbidimetricanalysiswhich closely followsthatdescribedin 1992 Standard Method ofthe Examination of Waste Water. Sulfateis
determinedtoevaluate anionbalance inthe soilsaturated pasteextractandestimate gypsumcontent. ithasamethod detectionlimit
is approximately 0.02 mmolc L™ and is generally reproducible within = 7%.

Equipment

1. Magnetic stirrer.

2. Repipette dispenser calibrated to 2.0 + 0.05 mL

3. Pipette 10.0 mL.

4. Magnetic stir plate and Teflon stir bar.

5. Nephelometer (preferred), Turbidimeter or Spectrophotometer 340 nm.

Reagents

1. Deionized water, ASTM Type | grade.

2. Turbidimetricsolution. Dissolve 30.0gofMgCl, 6H,0;5.0 gCH;COONa3H,0; 1.0 gKNO3; 20 mLaceticacid, CH{COOH
(99%)and0.111gNa,SO,,in500 mLdeionizedwaterandadd5.0gof powered gumacacia, or gelatin(See Comment#£1)
suspension agent. Dilute to 1000 mL final volume.

3. Bariumchloridecrystals. Parrturbidimetricgrade, BaCl,- 2H,0 crystals 20 - 30 mesh. Use highpurity BaCl,, aslowpurity
may result in low recovery of SO,* (See Comment #2).

4. Standardsulfate-sulfurcalibrationsolutions. Prepare5.0mmolcL *SO,* calibration stocksolution, dissolve 0.4353gof oven
dryK ,SO,in500 mLof deionizedwateranddilute toone 1000 mL. Preparesix100mLcalibrationsolutionsof: 0.05,0.1,0.2,
0.4,0.8,and 1.0 mmolc L' SO, from a 5.0 mmolc L™t SO, solution and bring to final volume with deionized water.

Procedure

1. Prepare asoilsaturated pasteextractaccordingto Method S-1.00andretainfor sulfate analysis (See Comment#3). Ifthe

aliquot is turbid, filter prior to analysis.

Dilute a 10.0 mL aliquot with 10.0 mL of deionized water. Repeat using sulfate standards and method blank.

Add 2.0 mL of turbidimetric solution using a repipette (See Comment #4). Add magnetic stir bar and beginning stirring.
While stirring add 0.2 g of BaCl, - 2H,0 crystals with measuring spoon.

Stirforsixty (60+3)seconds, thenremove fromstirrerandafterfive (5+0.5) minutesread absorbance withnephelometer
orspectrophotometerat340nm(See Comment#5and#6). Repeatwithsulfate calibrationsolutionsand methodblank.
Usingstandard calibrationsolutions and determinesulfate concentrationof saturate pasteextractsand methodblank. Record

as mmolc L't SO,2 of analyte in extract solution to two significant digits.

arwN
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Calculations
Report soil saturated paste extract:
mmolc L' SO,* = (mmolc L' SO,* saturated paste extract - method blank) x (2)

(1.0 mmolc L' SO,% = 48.03 mg L' SO,%)

Comments

1. Anumberofsuspensionagentshavebeenreportedintheliteraturewhichinclude: gumacacia, gelatin, glycerol, PVP-K30

(polyvinylpryrolidinone),and Tween80whichhave proveneffectiveinturbidimetricanalysis. Each ofthesewillrequire
experimentation and practice using SO,-S spiking to fully refine the technique.

2. UseBaCl,specifically designatedforturbidimetricdetermination ofsulfate-sulfur. Sources: J.T. Baker Cat. Parr Turbidimetric
BaCl,, JT0974-5; VWR JT0974-5; and GFS Chemicals, Reagent Grade ACS #602.

3. Care mustbe takentocleanalllabware priortoanalysis. Pre-rinseallextractionflasks, turbidimetricand spectrometercuvettein
hot water followed by 0.5 N HCI rinse with deionized water.

4. Check repipette volume, calibrate using an analytical balance.

5. Samples containing SO,% concentrations greater than the highest standard will require dilution.

6. ForlaboratoriesutilizingICP-AES instrumentationcalibrate usethe 182.669nmwavelengthand calibration standards 0f0.05,0.50,
1.0, and 5.0 mmolc L't SO,> (see Appendix A-1).
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SATURATION PASTE EXTRACT SOLUBLE NITRATE S-1.80
Nitrate (NOy)

Scope and Application

Thismethod quantifiesthe concentration of nitrate (NO5") (mmolcL *ormeqL™) inthe saturation paste extract (MethodS-1.00).
Nitrate may be determinedusinganionselective electrode (ISE, see Method S-3.20),ionchromatography orcadmiumreduction
spectrophotometricmethods. Thismethod outlinesthe use ofthe cadmium reductionspectrophotometricmethod (automated) outlined
by (Keeney,1982).The method detectionlimitisapproximately0.04mmolcL dependentonthemethod ofanalysisandisgenerally
reproduciblewithin+10%. Nitrateisdeterminedtoforanion balanceand crop nitrogennutrientstatus. TheunitmmolcL isthe
accepted scientific unit for reporting the concentration of anions and cations and is equivalent to meq L.

Equipment

1. Spectrophotometer, autoanalyzer, or flow injection analyzer (FIA) instrument.
Reagents

1. Deionized water, ASTM Type | grade.

2. StandardcalibrationsolutionsofNO4N. Prepare six calibration standards ranging from0.05to 1.5mmolcL ~ concentration,
diluted in 0.05 N CaCl, solution prepared from 16.1 mmolc L™(1000 mg L™} NO," standard solution.

Procedure

1. Prepare a soil saturated paste extract according to Method S - 1.00 and retain for nitrate analysis (See Comment #1).

2. Nitrate(NO;) contentoftheextractisdetermined usingaspectrophotometer, automated flowanalyzer (Technicon Method
No.329-74W/A) orFIA instrument. Calibrate using standard calibration solutionsand operateinstrumentinaccordancewith
manufacturerinstructions. Determine nitrate concentration of saturated paste extract, methodblank, unknownsamplesand
record results as mg L of nitrate in extract solution (See Comment #2)

Calculations
Report soil saturated paste extract:

mmolc L' NO; = (mmolc L™t NO,~ saturated paste extract - method blank)

(1.0 mmolc L NO; = 62.0 mg L1 NOy)
3 3

Comments

1. Care must be taken to clean all labware prior to analysis. Wash all labware with 0.1 N HCI and deionized water.

2. Samples containing nitrate concentrations greater than the highest standard will require dilution.
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