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Ower the past several years the Southern Extension and Rescarch Activity Information Exchange
{roup in 3oil Testing and Plamt Analysis (SERA-IEG-6) has worked towards developing standard
procedures for use in evaluating the nutricnt status and acidity level of soils in the southern United
Siates. Standard procedures serve as a reference for those interesied in including a new analysis in
their program or who wish to employ a more suitable procedure for evaluation of a patticular ele-
ment.

This bulletin contains 15 reference procedures far analyses performed by soil 1esting laboratories in
this region. Procedures were sglected based on their accuracy in predicting crop response to applied
nuitient as weld as their popularity and general acceptance by workers in the scil 1esting field. Also,
they provide & uniform reference for laboratories wishing 1o exchange samples for evaluation of

their soil testing programs.
Future revisions of 1his bulletin will contain additional reference methods for 1race and other ele-
mnents considered useful in soil notrient evaluation.

5. J. Donohue
Editor
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DETERMINATION OF SOIL pH IN 0.01) CaCl:
C. Owen Plank'

l. PRINCIPLE OF THE METHOD

1.1

1.2

This method is used to determine the activity of H ions in a soil suspension in the pres-
ence of 0.01A¢f CaCl; to approximate a constant ionic strength in soils.

The use of 0.01M CaCl; in soil pH measuretnent was proposed by Schofield and Taylor
{Schoficld and Taylor, 12.1). Peech {12.2) sumumarized the advantages of using 0.01M
CaCl; for measuring scil pH values. Additional merits of determining scil pH at a con-
stant salt level are given by McLean (12.3).

2. RANGE AND SENSITIVITY

21

1.2

Mest commercially available standard pH meters are adequale for measuring soil pH in
0.01M CaCl; through the range 2.5 to 8.0, which would include most soils encountered.

The sensitivity will depend on the instrament. In rouline scil 1esting, it is only necessary
to read the pH to the 0.1 unit,

1 INTERFERENCES

11

Determination of soit pH in 0.01M CaCl; minimizes interfersnees from vanable sali
contems and from suspension effects.

4, PRECISION AND ACCURACY

4.1

4.2

4.3

4.4

4.5

Temperate and subtropical region soil pH values determined in 0.018 CaCl, are slightly
lower in magnitude and less vanable than those made in water due 10 release of H ions
from exchange sites by Ca ions,

Soi1l pH values determined in 0.0lAf CaCl; are approximaiely 0.5 pH unit lower than
those measured in water {12.4),

Random variation of 0.} to 0.2 pld unit is permissible in replicate determinations, and
can be expecied from one laboratory to another.

Scratched glass electrodes will give erralic values. Exercise care 1o prevent scratching.
Reference elecirodes with restricted flow of filling solution may also cause unsiable

readings.

Dehydrated clectrodes give erratic readings. Follow the electrode manufacturer’s in-
siructions for proper maintenance.

5. APPARATLS

5.1
5.2
5.3
54

Ma. 10 {2-mm opening} sieve.
Scoop, L0-cm? volumeiic.
Cup, 50 ml (glass, plastic, or waxed paper of similar size).

Pipette, 10-ml capacity.

! Extension Agronomist, Soil Testing and Plant Analysis, Department of Agronomy, University of Georgia,
Alhens, Georgla.



3.3
3.6

5.7

5.8
59

Siimng apparatus (mechanical shaker, stirrer, or glass rod).

pH meter, line or battery operated, with reproducibility to at lzast 0.05 pH unit, and glass
electrode paired with a calomel reference electrode.

Glassware and dispensing apparatus for the preparation and dispensing of 0.01f CaCl;
and bufler selutions.

Dropping bottle, 30- or 60-ml capacity (see alternate procedure 7.2 below).
Analytical balance.

6. REAGENTS

6.1

6.2

6.3

0.0iM CaCl, - Weigh 147 g calcium chlotide dihydrate (CaCl;#2H;0) inte a i-L
velumetric flask and ditute to 1 liter with pure water.

Buffer Sohaions - pH 4.0 and pH 7.0 buffers for standardization of pH meter (Donohue,
12.3).

{Alternative) M CaCl; - Dissolve 147 g calcium chloride dihydrate {CaCl;#2H;0} in
pure water and dilute 10 1 L.

7. FROCEDURE

71

7.2

Scoop L0 cm® air-dry <10 mesh (2-mm) soil inlo a 50-mi cup (see 5.3). Add 10 mi
0.01Af CaCl; selution (see £.1) and mix thoroughly vsing a mechanical stirrer or shaker
or a glass stiming rod. Allow 1o stand for 30 minutes. Calibrate the pH meter according
to instructions supplied with the meter. Stir the suspension, then lower the clectrodes
into the 0.4IM CaCl, - suspension and record the meter reading as pH in 0.01M
Call;.

For laboratories desiting s0il pH in water and soil pH in 0.0LAM CaCl;, 10 ml of pure
water can be substituted for the 10 ml CaCl; as gven in 7.1. After the water pH is de-
termined, add 2 drops of LM CaCl; {sce 6.3) to the soil-water suspension, stir the sus-
pension and allow to stand for 30 minutes. Stir the suspension and then read the pi.
The pH is designated pH in 0.014f CaCl,.

8. CALIBRATION AND STANDARDS

8.1

The pH meter is calibrated vsing prepared {see 6.2} or commercially available buffer
solutions of pH 7.0 and pH 4.0 according to the instrument instruction manval.

9. CALCULATIONS

a1

The results are reported as pll in 0.01Af CaCl.,.

10. EFFECTS OF STORAGE

[0.] Air-dry soils may be stored several months in ¢losed containers without affecting the pH

in 0.01Af CaCl; measurement.

10.2 If the pH meter and elecirodes are not 10 be used for extended periods of time, the in-
structions for storage published by the instrument manulacturer should be followed.




£1. INTERPRETATION - Sez Graham (12.5) or Woodruff (12.6).

12. REFERENCES
121

¥

1.2

1.4

11.5
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DETERMINATION OF SOIL pH IN 1N KCl
C. Owen Plank?

1. PRINCIPLE OF THE METHOD

il

1.2

This method is used to determine the H-ion activity in a soil suspension in the presence
of 1N KCL. Soil pH values determined in 1N solution are less influenced by changes in
biological and climatic conditions and more closely reflect the inherent characteristic of
the soil pH than that of the pH measured in water.

The use of 1N KC! for determining soil pll in the presence of small amounts of salts
was proposed by Puri and Asghar (11.3). Additional information on determining soil
pH in 1¥ KCl is given by fackson (!1.1} and Peech (11.2).

2. RANGE AND SENSITIVITY

2.1

2.2

Most commercially available standard pH meters are adequate for measuring soil pH in
1N KC1 through the range 2.5 10 8.0, which would include the pH encountered in most
soils.

The sensitivity will depend on the instrument. In routine soil testing, it is only necessary
to read the pH to the 0.1 unit.

3. INTERFERENCES

31

Y

4.1

4.2

4.3

44

4.5

The main advantage of the measurement of soil pH in 1¥ KCl is to minimize interfer-
ences from variable salt contents and from suspension effects.

. PRECISION AND ACCURACY

Temperate and subiropical region soil pH values determined in 1N KCl are lower in
magnitude and less vanable than those made in water due to release of H ions from the
exchange sites by K ions.

Soil pH values determined in LV KCl may be 23 much as 1.0 1o 2.0 pH units lower than
those measured in agueons suspensions using the same soil-to-water ratia.

Random variation of 0.1 1o 0.2 pI1 unit is permissible in replicale determinations, and
can be expected from one laboratory to another.

Scratched glass electrodes will give erratic values. Exercise care to prevent scratching.
Likewise, reference electrodes with restricted flow of filling solution might catse unstable
readings.

Dehydrated electrodes give erratic readings.  Follow the electrode manufacturer’s in-
structions in keeping the electrodes hydrated.

5. APPARATUS

51

No. 10 (2-mm opening} sieve.

5.2 Scoop, 10-cm? volumetric.

5.3

Cup, 50 ml or 100 ml {glass, plastic, or waxed paper of sitnilar size).

*  Extension Agronomist, Soil Testing and Plant Analysis, Department of Agronomy, University of Georgla,
Athens, Georgla.




54 Pipette, 25-ml capacity.
5.5 Stimming apparatus (mechanical shaker, stirrer, or glass rod).
56 pH meter with reproducibility 10 at least 0.05 pH unit, and appropriate clectrodes.

5.7 Glassware and dispensing apparatus for the preparation and dispensing of LN KCl and
buffer solutions.

5.8 Analytical balance,
6. REAGENTS

6.1 1¥ KCt - Weigh 74.56 g potassium chloride (K.CI} into a 1-liter volumeiric flask and
dilute to 1 Lter with purz water.

623 Buffer Solutions - pH 4.0 and pH 7.0 buffers for standardization of pH meter (Donchue,
11.45.

1. PROCEDURE

7.1 Scoop 10-cm? of air-dry, < 10 mesh (2-mm) soil into a 50 or 100-ml cup (sce 5.3). Add
25 ml 1¥ KCl solmion (sce 6.1) and mix thoroughly using a mechanical stirrer or shaker
or glass stirring rod. Allow to stand for 30 minutes. Calibrate the pH meter according
to mstructions supplied with the meter. Stir the suspension, then Jower the clecirodes
into the 1¥ KC} - suspension and record the meter reading as pH in & KCL

7.2 I exchangeable acidity and exchangeable Al are o be determined save the suspension
and proceed as described in Chapter 13, Section 6.1,

8. CALIBRATION AND STANDARDS

8.1 The pH meter is calibrated using prepared (see 11.4) or commercially available buffer
solutions of pH 7.0 and pH 4.0 according to the instrument instruction manual.

9. CALCULATIONS
9.1 The rasults are reported as= pHl in 1N KCL
10. EFFECTS OF STORAGE

190.1 Air-dry soils may be stored several months in closed containers withoul affecting the pH
measorement.

10.2 §f the pH meter and electrodes are not to be used for extended periods of time, the in-
structions for storage published by the instrument manufacturer should be followed.
1l. REFERENCES
1.0 Jacksan, M. L. 1958, Soit chemizal anatysis. p. 47. Prentice-Hall, Englewood Cliffs, N.J.

11.2 Peech, Michael 1965, Hydrogen-ion sciivity. Jft €. A, Black {ed) Metheds of soll analysis. Pant 2,
Agronemy ¥ 9149246, ASA, Madizon, WI.

11.3 Puri, A. N. and Asghar, A G. 1938, Influence of sals and soil-water ratio on pH values of soils. Soil Sci.
46 249157,

114 Deonohuoe, 5. J. 1963, Refarence soil tesl methods for the Southern region of the Linaed Siates. Southern
Coep. Ser. Bull. 289, Georgia Agric. Exp. $wn, Athens, GA.




DETERMINATION OF PHOSPHORUS BY MEHLICH 3 EXTRACTION
M. R, Tucker
1. PRINCIPLE OF THE METHOD

1.1 The extraction of phosphorus by the Mehlich 3 extraction procedurs is designed to be
applicable across a wide range of soil properties ranging in reaction frotn acid to basic.
This method correlates well with Bray | on acid to newtral soil (2 = 9.966). It does not 4
comrelate with Bray i on calcareous soils. The Mehlich 3 method correlates with the
Olsen extractant on calcareous seils (rf = 0.918) even though the quantity of Mehlich
3 extractable phosphorus is considerably higher.

.2 This extractant was developed by Dr. Adolf Mehlich in 1981 and described by A, L.
Haifield for the late Dr. Mehlich {10.2), This procedure was developed on a 1:10 soil-
solution ralic (2.5 cn? soil + 25 em® extractant) for a S-minute shaking period at 200
4-crn reciprocations/minute.

2. RANGE AND SENSITIVITY
2.1 Phosphorus can be extracted and determined in soll concentrations 2 - 400 kg/ha without i

dilution usinig 1the molybdophospheric blue color procedure first described by Murphy
and Riley (10.3) and meodilizd by Watanabe and Qlsen (10.4).

3. PRECISION AND ACCURACY
3.1 Repeated analyses of two standard soil samples for 36 separate exiractions by the NCDA
Soil Testing Laboratory gave a variance of 6.28 to 6.39%, respectively. Each soil tested
97 and 132 mg P/dm?®, respectively. The variance is most likely related more to the
heterogeneity of the samples rather than measurernent, extraction, er colorimetric pro-
cedutes, i
4. APPARATUS

4.1 Wo. 10 {2-mum opening) sieve.

4.2 2.5 ¢m? (volumetric) soil measure and teflon-coated leveling rod.
4.3 100 m! extraction bottles; plastic or glass are suitable.

4.4 PReciprocating shaker, 200 4-cm reciprocations/minute.

4.5 Filter funnels, il cm.

4.6 Whatman No. | (or equivalent) filter paper, 11 cm.

4.7 Funnel Rack.

4.8 Vials, polystyrene plastic, 25 and 50 ml capacity, for collection of extract and color de- |
velopment, respectively. |

4.9 Automatic extractant dispenser, 25 mi capacity. Other dispensers or pipettes could be
used depending on preference.

4.10 Dilutor - dispensor apparatus for delivery of sample and coler development reagent.

3 Chiel Agronomist, Soll Testing Laboratory, NCIYA Agronomic Division, Raleigh, North Carolina.
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4.11 Voluneiric flasks and pipettes are required for preparation of reagents and standard so-

luions. Pipettes could also be used for coler development.

4.12 Photometric colorimeter suitable for measurement in the 850 nm range Colorimeters

equipped with moveable fiber optic probe can be used to read samples directly from the
color development vials.

5. REAGENTS

5.1
5.2

5.3

54

5.5

h ¥}

All reagents are ACS analyiical grade unless otherwise stated.

Extracting reagent (02N CH,COOH,; 0.25N NH NG, 0.0/5N NH.F; 0.13N HNO;.
.00iM EDTA) - For specific procedure on making up extractant, see Mehlich (10.2).

Ascorble Acid Solution - Dissolve 176.0 g ascorbic acid (CeHzO6) in pure water and di-
lute to 2 Lters with pure water. Store solution in dark glass bottle in a refnigerated
companmet.

Sulfiric-Molpbdate-Tartrate Solution - Dissolve 100 g ammenium molybdate
[{NHJ)sMo; 025 *4H: 0] in 500 ml of pure water. Dissolve 2.425 g antimony potassivm
lartrate [K (SbO) C.iH, 0 » 14 H0) in molybdate solution.  Add slowly 1400 ml con-
centrated H; 50, and mix well, Let cool and dilute to 2 liters with pure water. Store
solulion in polyethylene er pyrex bottle in a dark, refrigerated compartment.

Working Solution - Dilute 10 ml of the ascorbic acid solution (seg 5.3) plus 20 ml of the
sulfuric-molyldate-tastrate sclution (sez 5.4), with extracting reagent (see 5.2} to 1 Liter.
Allow solutzon to come 1o room 1empetature before using. Prepare fresh daily.

Phosphorus Standard (200 pg Pimd) - Dissolve 0.879 g monopotassium phosphate
(KH:PO.) in appreximately 500 mi of distilled water, bring 1o 1 liter volume with dis-
tilled water. Prepare standards containing 1, 2, 5, 10, 15, and 20 xg P/ml by diluting
appropniate aliquots of 200 pg Piml with distilled water.

6, PROCEDURE

6.1

6.2

6.3

Exiraction - Measure 2.5 cm® of air-dry, 10-mesh (2-mm) seil into a 100-ml extraction
botile (see 4.3). Add 25 em’ of extracting solution (see §.2) and shake for 5 minutes on
reciprocating shaker (see 4.4). Filler and eollect the extract. For rationale of using a
volume soil measure, se¢ Mehlich (10.1).

Color Development « Using pipette or dilutor dispenser, dilute | ml of sample extract (see
6.1% with 27 ml of the working solution (see 5.5). Allow color to develop a1 lsast 20
minutes before reading. Read the transmission ai 830 nm (2 om light path probe
colorimneter) or at 832 nen for standard cuvette-type eolonmeter.

The color intensity reaches its maximum in approximately 20 minutes and will remain
constant for about & hours.

7. CALIBRATION AND STANDARDS

7.1

Working Phosphoris Standards - Afier calibration curve is established (se¢ 5.6), the in-
strument can be calibrated for routine analysis using the eatracling solution (see 5.2) as
the blank and 1he 20 ug P/ml standard (see 5.6). The 20 pg P/ml standard should read
10%T following color development at the 1:27 sample-to-working-solition ratio (see
6.2). The blank solution should be diluted at the same 1:27 ratio as the standards. If
instrument reading is significantly above or below 10%T, check standard preparation,
samnple dispensor, or dilution ratio beiween standard and working solulions. The probe
colorimeter technique requires a 1:27 sample - working solution ratio to achieve a 10%T
reading at 20 ug P/ml. A linear curve can be obtained by converting % T 1o oplical




density (OD). Other types of colorimeters may require a different satnple-to-working-
salution ratio.

. CALCULATIONS
8.1 The results are reported as mg P/dm® (ug P/ml of standard or P soil extract multiplied
by 10). Multiply mg P/dm?® by 2 to obtain kg P/ha for a 20 cm depth of soil. [f soil
extract requires dilution, multiply resuits by appropriate dilution factor.
8.2 To convert soil test values 1o other units, see Mehlich (10.1).
9. INTERPRETATION

9.1 Critical phosphorus levels proposed by Mehilich (10.5) are listed below.

Expected Crop
Category mgP/dm? KgP/ha  Response
Yery low <20 < 4 definite
Low 20-30 40-60 probable

Medium 31-50 62-100  less likely
High > 50 >100  unlkely

10. REFEREMNCES

10,1 Mehlich, A. 1972, Uniformity of expressing eoil Test results on x volume basiz, Commun. Soil So Plan
Anal. 3{5k417-424.

10.1 Mehlich, A. 1984, Mehlich 3 s0il text sxtraciant: & rnedilication of Mehlich 2 extractant. Commun. Soll Sl
Flant Anal. 15(12)1409-1418.

1.3 Murphy, J. and ). B Raley. 1962, A modified single tolution method for the deermination of phosphale in
naiural waters, Anal. Chem. 27:31.2¢,

194 Waranabe, F. §. ard 5. B Olsen.. 1965, Test of an &¢orble acid method lar datermining phorphorus in water
and NaHCO, extracts frem eoil. Soil Sci Soc. Am, Proc. 19477678,

10.5 Mehlich, A. 1978, MNew sxiractant for ol test evalustion of phosphoras, potassium, magnesium, cakejum,
sodivm, mangenese, and zine, Commun. Seil Scd. Flant Ana), $(6)4 77491,



DETERMINATION OF POTASSIUM, CALCIUM, MAGNESIUM, AND

SODIUM BY MEHLICH 3 EXTRACTION
M. R. Tucker

l. PRINCIPLE GF THE METHOD

Ll

1.2

The extraction of calcium, magnesium, potassium, and sodium by this method is de-
signed to be applicable across a wide range of soil properties ranging in reaction from acid
to basic. The Mehlich 3 method correlates well with Mehlich 1, Mehlich 2, and
ammoniam acetale (see 9.1, For specific ¢xtraction values and cormrelation coeflicients
see Mehlich (9.1, 9.2

This extractant was developed by Dr. Adolf Mehlich in 1980-81 and descrnibed by A. L.
Hatfield for the late Dr Mehlich (9. 2} This procedurs was developed on a 1:10 soil-
solution ratio (2.5 cm? soil + 25 em? extractant) for a S-minuie shaking period a1 200
4-cm reciprocations/minutes,

2. RANGE AND SENSITIVITY

21

2.2

23

Following a 1:4 dilution of the soil extract with the hthium working solution {see £.5),
soil concentralions of potassium and sodium can be determined up to 1564 and 920
kg'ha respectively. Following a 1:10 dilution of 1he soil extract with lanthanum solution
{see £.6) soil concetrations of caleivm and magnesivm can be determined up to 10,020
and 1216 kg/ha, respectively. An atomic absorbtion spectrophotometer equipped with
& 3 standard microprocessor is required 10 obtain lincarity at instrument readings above
100. It the absence of microprocessor-equipped instrumentation, extractable calcium
and mapgnesium can be detertnined in soi ¢oncentrations up to 10 and 2 meg/ 100 cm?,

respectively.

Sensitivity will vary with type of instrumecnt, wavelengih selection, and method of
excitation.

The commenly used methods of analysis for the above elements are flame emission and
alotic absorption. For a complete description of these methods see Isaac and Kerber
{9.3).

3. INTERFERENCES

11

Chemical imerferences and compensation for changes in the characteristics of the extract
to be analyzed must be acknowledged. The need for internal standards such as lithium
and compensating elements such as lanthanum, which are required for most flame
methods of excitalion, have been shown by Isaac and Kerber (see 9.3).

4. PRECISION AND ACCURACY

4.]

Repeated analyses of the same soil wilh medium ranges of potassiom, calcium, and
magnesivm will give variances from 5 1o i0 percent. The major portion of the vanance
is related more to the heterogeneity of the soil than to measurctent, exiraction, or
method of analysis.

5. APPARATUS

54

No. 10 (2-mm} sieve.

52 2.5 cm® (volumetric) soil measure and teflon-coated leveling rod.

4 Chiel AgronomisL, Scil Testing Laboratory, NCDA Agrenomic Division, Raleigh, North Carolina,
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5.3
5.4
5.5
56
57
5.8
5.9

100 ml extraction bottles, plastic or glass, are suitable,

Reciprocating shaker (200 4-cm reciprocations/minuie),

Filter funnels, 11 cm.

Whatman No. 1 (or equivalent) filler paper, 11 cm.

Funnel rack.

Yials, polystytene plastic, 25 ml capacity for collection of extract and sample dilutions.

Automatic dispenser for extractant, 25 ml capacity.

5.10 Diluter-dispenser mechanism or pipetics, 10 mt capacity.

511 Flame emission, atomic absorption spectropholometer, andjor ICP. A J}-standand

microprocessor AA is desirable.

5.12 Volumetric flasks and pipettes as reguired for preparation of reagents and standaed so-

lulicns.

5.13 Analytical balance.
6. REAGENTS

.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

All reagents are ACS analytical grade or standard refsrence salutions unless otherwise
stated.

Extracting Reagent (0.2N CH,COOH: 0.25N NILNO,; 0.0/5N NHF; 0.013N BNOy;
0.00iM EDTA) - see 6.3 and 6.4 for mixing procedure of extracting reapenis.

Ammonium Fluoride - EDTA Siock Reagent - Add approximately 600 ml pure water to
a ! liter volumetric flask, add 138.9 g NILF and dissolve, then add 73.05 g EDTA, dis-
solve mixture, and bring 10 volume with pure water.

Final Extraction Reagent Mixnure - Add approximately 3000 ml of pure water to a 4 Liter
volumelric flask, add 80 g WH, NG,y and dissolve. Then add 16 ml NM.F-EDTA stock
reagent (se¢ 6.3) and mix well. Add 46 ml CHyCOOH and 3.28 ml HNGh, then bring
tg volume with pure water and mix thoroughly. The final pH should be 2.5 £0.1. The
extractant was made acidic to prevent preeipitation of CaF in the seil extract.

Lithium Working Sofution {18.75 meq LilL) - Dilue 12.5 ml of commercial lithium
standard (1500 meq LifL) to 1 liter with pure water. This solution is used as an internal
stanudard for determination of potassium.

Lanthanien Compensaiing Solurion (0.55% La) - Suspend 13 g La; 05 in 50 ml pure water
in large beaker and dissclve with 28 ml concentrated 1INQ; Allow solution to cool, then
pour into a 2-Hter volumetnic flask and bring to volume with pure waler. This solution
is used to eliminate chemical interference of phosphorus with cafciem.

Potassiurn and Sedium Standard {10 meq K, 70 meq Najl.) - Dissolve 0.7456 g dried
KC) and 0.5844 g NaCl in a liter volumettic flask and bong to volume with extractant
(sec 6.2). Altemnatively, dilute 100 m! of commercial potassium and sodium standard
{100 meq K, 100 meq Na) 1o 1 liter with extractant (see 6£.2). Prepare working standards
10 contain 0, 0.5, 1.0 and 2.0 meq of Na and X/liter by appropriate dilution with
exiraciant (sec 6.2).

Calciten and Magnesium Standard (25 meq Ca, 5 meq Mg} - Dissclve 2.5 g dred
CaC(Oy and 10.14 g MgS0, * 711;0 in approximately 500 ml extractant {see 5.2} and

10




10 ml of concentrated HNO;; bung to 1 liter volume with extractant (see £.2). Alter-
natively, ditute 500 ml commercial Ca reference standard (! ml = | mg Ca) and 60.75
m) commercial Mg reference standard {1 ml = } mg Mg) to | ljter with extractant (see
6.2). Dilute witk eatractam (see 6.2) to obtain §, 10, 15, 20 and 25meq Caand 1, 2, 3
atul 5 meg Mg/hiter. The larter dilutions compose the working standards,

7. PROCEDURE

7.1 Exraction - Measure 2.5 em? of air-dry, 10 mesh (2-mm) soil into a 100-ml extraction
bottle (see 5.3). Add 25 em? of exlracting solution (see 6.2) and shake for 5 minutes on
a reciprocating shaker (see 5.4y, Filter and collect the extract in 25 cm? plastic vials {see
: 5.8).

7.2 Determination of Potassium and Seditim - Using a diloter-dispenser (see 5.10) or pipetie,
transfer 2 ml of soil extract {see 7.}) or potassiutn-sodivm working standards (sze 6.7)
and 8 m! of ithium working sclution (see 6.5) into plastic vials (see 5.8). Set instrument
reading at 100 using the | meq K-Ma working standard. Alomize soil extract and mecord
instriment reading. For final calculations for a 20 ¢m depth of =0il to meqy100 cm?,
me/dm?, kg/ha, and Ibsiacre of K and Na (see 7.4}

1.3 Instrument Calibration - Proper precautions should be taken to follow manufacturer’s
recommendations in the operation and calibration of the instrument. Lineaniy between
concentratien of K and Na can be ascertained by runming a series of appropnate stan-
dards (sce 6.7). N the instrument reading exceeds 200, dilute equal portions of the soil
extract - lithivr sample mixture with zero standaed {see 7.2) and multiply the results by
2.

14 Calcwlations | Potassivm and Sodiwn)} - With the | meq K-Na standard {sze 6.7) set at
100, the instrument reading = 0.0I meq K or Na/100 cm? soil.  Alternatively, the in-
strument reading 2 3.91 = mg K/dm? and the instrument reading x 2.3 = mg Na/dm’
of scil. For conversion of mg K and Na/dm® 1o kg'he multiply by 2. Muhiply mg K
or MNa/dm? by .78 1o obtain Ibs/acre to a depth of 20 cm.  All the above calevlatlions
are based on the volume of soil (see 5.2) that i3 employed in these scil test procedures
(see 9.5).

7.5 Determination of Calcium and Magnesivm - sing a dilmter-dispenser (see 3.10) or
Pipette, trapsfer 1 ml of Ca-Mpg standard (see 6.8) or soil extract (see 7.1) and 9 ml of
lanthanum compensaling solution (see 6.6) into plastic vials (see 5.8). Adjust instrument
to zero with a blank composed of 1 mi extractant (see 6.4) and 9 mi of La compensating
solution (see 6.5). Slandardize instriment with Ca-Mg standards {see 6.8) |by setting the
10 meq Ca - 2 meq Mg working standerd (see 6.8) at 100 and the 25 meq Ca - § meq
Mg working standand at the 250 instrument reading,] respectively, An instrument
equipped with 2 }-standard microporcessor is required, to obtain lineanty above an in-
sirument reading of {00,

76 Instrument Calibration - Proper precautions should be taken to fellow manufacturer’s
recomgmendations in the operation and calibration of the instrument. Linearity beiween
concentration of Ca and Mg can be ascertained by runmng a series of appropriate
standards (see £ 8). Calcium and mapmesium concentrations are knear up to 10 meq Ca
and 3 meq Mg at a corresponding instrumncnt reading of 100. By use of a 3-standand

- microprocessor, lincarity can be obtained vp to 25 meq Ca and 5 meq Mg with a corre-
! sponding instrument reading of 250, If scale expansion above 100 instrument reading is
|_ nol avatlable and the unknown readings exceed 100, dilute known aliquot of soil extract
f | - La mixturc with zero standard (see 7.5) and multiply by the dilution factor.

7.7 Calevlations (Calcium and Magnesium) - With the 10 meg Ca - 2 meq Mg and 25 meg
Ca - 5 meq Mg standards (see £.8) set at an instrument reading (1R) of 100 and 250 re-
spectively; the corresponding coneentrations on a volume soil basis are: [R x 0] = mey
Ca/100 cm® and 1R x 0.02 = meq Mg/100 crn?. Alternatively, to convert IR to mg Ca




and Mg/dm?, multiply by 20.04 and 2432, respectively. To obtain kg Ca and Mg/ha,
multiply mg/dm? by 2. Then kgrha of Ca and Mg multiplied by 0.891 = Ibsfacre.

g. INTERPRETATION

&1

Evaluation of the analytical results and the comesponding fertilizer recommendations
must be based on field response data conducted under local scil-climate ¢rop conditions
{sce 9.6). Dr. A, Mehlich proposed critical levels of P, K, Mg, Mn, Zn, and Cu for the
Mehlich T1I extraciant (2.2) as well as intcrpretive guidelines for evaluating pereent
caltium and base saturation (9.1),

9. REFERENCES
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Mehlich, A 1953, Determination of P, Ca, Mg, K, N&, and MH, North Carolina 5¢il Test Division
(Mimea. 1953}, Morth Carolina Dep. of Agric., Ralzigh, NC.

Meblich, A. 1972, Unpifarmity of expressing soil test results. A case for caleulating results on 2 velume ba-
sis. Commun. Soil Sci. Plant Anal, 3(3)217-424,

Croll, E- <. and R, E Lucas. (%73, Testing soils for polassium, calcium, and meghesium. p- 133-152. I L.
M. Walsh ard 1. D. Beaton (¢d.) Soil testing and plant analysis, 555A, Madison, W1,



DETERMINATION OF SULFATE SULFUR BY MONOCALCIUM
PHOSPHATE EXTRACTION

G. V. Johinsor®
I. PRINCIFLE OF THE METHOD

1.1 Available soil § exists in boih organic and inorganic forms. However, since inorganic
forms usuvally provide the major supply and plants absorb soil-available 5 as 80,7,
measures of S04-S in soil have generally provided the best relationship 1o plant uptake.

1.2 Several extraction solutions have been used for measuring 5Os-S in soils (11.2). The
most common utilize moaocalciutn phosphate either in water or 2N acetic acid (1£.3).
In either extractant the concentration of monocalcum phosphate is 500 ppm P. The
phesphate anion promotes desorption of sulfate through sxchange reactions.

1.3 In acid solutipns sulfate reacts with barium 16 formn an insoluble fine crystaline precipi-
tate. This reaction is the basis for turbidometnic quantitative analyss of sulfate, Satis-
factory analysis can also be performed by vacuum 1CP.

2. RANGE AND SENSITIVITY
2.1 The procedure is sensitive to 1 IbfA of 50,-5 and response 1s linear to 25 Ibs 5/A.
3, INTERFERENCES

3.1 Any colloidal matter or color in the extract will cause error. Care must be taken during
filtering 1& assure a clear Altrate from the extraction. Charcoal is used 1o adsorb dissolved
soil organic maiter which might otherwise cause a positive error in determinations.

4. FRECISION AND ACCURACY

4.1 Repeated analysis of the same sample will yield results within + 1to 2 1bs 5/A when care
has been taken to standarize technique throughout the procedure. The turbidometric
analysis is the source of most variability.

5. APPARATUS
$.I No. 10 (2-mm opening) sieve.
52 Scoops: B.5-cm? (10 2); 1wo 1/4 teaspoon.

5.3 Extraction/filtrate flasks, 50-m] Erlentneyer (test tubes may be used as an altemnative to
filirate Rasks).

54 Reciprocating shaker, 180 oscillations per min.

5.5 Filter funnel, 11-cm.

5.6 Filter paper, Whatman No. 42, {1-cm.

57 Magnetic sturer and 1/2* stimng bars {vortex shaker may be used as an alternative).
5.8 Spectrophotometer or colorimeter with a 420 nm filter.

5.9 Analytical balance and assoried glassware for preparing and dispensing solutions.

T Professer, Oklnhoma State University, Stillwater, Oklahoma.

13



6. REAGENTS

6.t  Extracting Reagent - Dhssolve 2.0 g of Ca{H:PO,):*H;0 in deionized water and bring
to L0 liter volume.

6.2 Seed Sokution - Dissolve 01087 g of K;80, in 500 ml of deionized 0 and add 500
ml of concentrated HCL.  Slowly add 2 g of powdered gum acacia while stirring. Keep
refrigerated.

6.3 Barium Chioride Crystals - Use 20-30 mesh BaCly*2 H.0.

6.4 Charcoal - Wash Darco G-60 activaled carbon with extracting solution until it is free of
measureable 8. rinse with deiomized H; O and oven dry. Store in a closed container.

6.5 § Stapdards - Prepare a 50 ppm S primary standard by dissolving 0.2685 g of CaS0.e
2 H:0 in extracting solution. Bring to one liter volume using extracting solution. Using
the tahle below, prepare working standards by pipeting the indicated volume of primary
standard into a 100 mi volumetnic flask and bringing to volume with extracting solution.

Primary 8045 in 50.-5in
Standard Soluton Soil
ml ppm IbsfA
0 0 ]
4 2 10
10 5 25
20 LH 30

7. PROCEDURE

1.1 Measure 10 g of dry, sieved soil into an extraction flask, dispense 25 ml of the extracting
solution to the flask, and shake for 30 minmes. Add Y tcaspeon (about 1.15 g) of
powdered charcoal and shake an additional 3 minutes. Filter and transfer & 10 ml aliguot
1o ancther flask. Add 1 m! of sced solution and immediately swirl the contents. Place
flask on magnelic stirrer and add Y teaspoon (0.3 g) of BaCl,* 211;0 crystals. Stir for
about 1 minute and then read absorbance or concentration (on instruments which pro-
vide a proportional concentration cuiput) at 420 nm.

B. CALIBRATION AND STANDARDIZATION
8.1 The spectrophotometer or colorimeler must be calibrated each day. 1t is also very im-
porlam to standardize operational techniques and conditions since the size and develop-
ment of BaS0, crystals is influenced by reaction time and temperature.
9. CALCULATIONS
2.1  As indicated by the table in Section 6.5, a factar of 5 is used to convent from ppm S in

solution 10 1bs S/A. This conversion factor takes inlo account the 1:2.5 dilotion by ex-
traction and the conventional ppm to {bjA conversion (2X).

10. INTERPRETATION

{01 A “first approach” to interpretation may be achieved by estimating the sulfur requirernent
from existing crop-yield goal and nitrogen-reguirement relationships assuming a N:5 ra-
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tio of 20:1 {11.2). Accordingly, a soil test of 4 Ibs available S$/A would be adequaie for
50 bushels of wheat, 70 buzhels of com, 1 /2 bales of cotton, or | 1/2 tons of alfalfa
(114}, As in the case of available-N tests, a subsoil 1est is necessary for a complete as-
saserment of available 5.

11. REFERENCES

11.1

11.2

11.3
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corcelation, calibration, and interpretation. S55A Spec. Publ 21, 555A, Madison, W1

Ichnzon, G.¥. 1985, Sulfur requirement of Qklahoma crops. Oklahoma State Univ, Ext. Facts 1137,



DETERMINATION OF ZINC, MANGANESE, COPPER, AND IRON
BY DTPA EXTRACTION

6. ¥. Johnsarnt
1. PRINCIPLE OF THE METHDD

1.1 The theory of this method has as its foundation the favorable formation conslants {12.2)
for the synthetic chelate DTPA (Diethylenctriaminepentaacetic acicd: CiaH; O a N3y
and the metal ions of Zn, Mn, Cu, and Fe at an ¢quilibrium pH of 7.3. The chelate has
a relatively weak affinity for Ca at pH 7.3 that allows satisfactory sxtraction of these ¢l-
ements in calcareous sails. The formation constants are sufficiently great 1o complex
significant amounts of the elements in the presence of natural chelates and insoluble in-
organic compounds common in soils. An excess of chelate eliminates metal competition
for ligands, and TEA (iricthanolamine) bulfer assures pH stability. The presence of
CaCl; in the extraction solution suppresses dissolution of calcium carhonate and release
of occluded micronutrients. The soil sources extracted by the chelate are believed to be
at least partially responsible for providing these nutrient elements to plants.

}.2 The procedure was first developed and reported by Lindsay and Norvell {12.1) and cali-
brated for use with Colerado soils (12.3).

2. RANGE AND SENSITIVITY

2.1 Extractable iron and manganese levels will range from a fraction of one ppm from
alkaline soils low in organic matier to as much as 100 ppm from strongly acid soils. Zine
and copper levels will generally range a factor of 10 lower and be sirongly influenced by
soil crganic matter level.

2.2 The sensitivity will depend upon the analytical instrumeniation and lechniques used.
Becanse of the established cnitical levels used for detecting deficiencics, detection limits
should be at least 0.05 ppm for Zn, Mn, and Cu and 0.1 ppm for Fe.  Analysis by AA
or ICP easily meets these requirements.

). INTERFEREMCES

3.1 The procedure is essentially free of inteeferences. There is a sufficiently large excess (est.
I0X) DTPA 1o assure that the micronutricnt metals will not be competing for the
chelate. Other metal elements which might also be complexed are not normally present
in agricultural scils al competing (interfering) levels. Analysis of these metals by AA or
ICP is free of significant interference.

32 The greatest chance for emoneous soil test values anses from sample contamination
during sampling or sample preparation. Special precaution should be 1aken to aveid the
use of galvanized sampling tools ot screens. Plastic, wood, or stainless steel matenals
should be used whenever soil comes in contact with sampling or preparation equipment.

4. PRECISHON AND ACCURACY

4.1 Repeated analysis of the same soil for these metals should yield coelficients of vanability
of about 10%. Much of this variability will be associated with soil heterogeneity.

5. APPARATUS

51 Wo. 10 {2-mm opening) sieve.

¢ Professor, Okliahoma State Linlversity, Stillwalsr, Oklahoma.
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5.2
a3
54
5.5
5.6
37
5.8

Scoop, 8.5-em?.

Extraction flask, 50 ml Erlenrneyer,

Reciprocating shaker, 180 oscillations per minuie.

Filter funnel, 1l-cm.

Whatman No.42 ashless filter paper (or zquivalent), t1-cm.
AA or ICP instrument.

Analytical balance, pH meter with clectrodes, and assorted glassware for preparation of
standards and dispensing solutions.

6. REAGENTS

6.]
6.2
6.3
6.4
6.5

6.6

Triethanolamine fTEA ).
Disthylenetriaminepentaacetic acid (DTPA ).

CaClye2H;0,
Hydrochloric acid, 6N,
Extracting Reagent - Combine 14.92 g TEA, 1.97 g DTPA, and about 100 mls of water.

After the DTPA is in solution, add 1.47 g CaCl; and bring 10 one liter volume with
waler while adjusting pH to 7.3 using the 68N HCl. This solution is stable for several
months.

Metal Standards - Working standards in the range of 0 10 10 ppm for Fe and Mn and 0
1o 2.5 ppm for Cu and Zn will be suitable for either AA or ICP analysis. These may
be conveniently prepared using the exiracting reagent 1o dilute commercially available
1000 ppm certified stock sohutions.

7. PROCEDURE

7.1

Measure 10 g or 8.5 cm? of air-dry, sicved soil into an extraction flask. Add 20 ml of
extraciing reagent and shake for 2 hours. Filter and analyze directly by AA or ICP.

8. CALIBRATION AND WORKING STANDARDS

&1

82

Working Standardr - These solutions should be prepared as indicated in Section 6. If
element concentrations are found above the high standard, there is generally no need to
dilute the sample and reanalvze since there is obviously an adequate supply of the nu-
trient for crop production. When toxic levels are of increst, samples can be diluted and

analyzed again.

Calibration - Calibration procedures will vary with instrument. Instruments should be
calibrated according to manufaciurer's specifications, taking care that the critical level (see
Seclion 1) is about smdway in the calibration range or at a point of oplimum precision
and accuracy.

9. CALCULATIONS

ot

The ppm conceniration of metal in soil sxtracts should be multiplied by a factor of 2 to
convert 10 ppm of soil (solution:soll ratio is 2:1). Interpretations are made using initial
levels established as metal extracted on a ppm soil basis (see Section 11).
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16, EFFRECTS OF STORAGE

1] Drying of soils may increase extraciable Fe levels by as much ay 2X and Mn by as much

as 10 fold. Once deied, extractable levels are relatively stable except for Ma, which may
coatinue to stowly inerease, especlally i the initial drving was mcomplete or al only
shightly higher than room temperatuse,

1. INTERPRETATION

111 Calibration of test valoes 15 often difficult due 1o a lack of soils with deficiencies of these

micronutrients. As a first approach, the cmtical levels reporied inttially by Lindsay and
MorveR (128 ol Zn = 08 ppm, Fe = 45 ppm, Mn » | ppm, and Cu = (.2 ppm are
sometimes wsed. These calibrations were uied in Oklahoma but subsequent research
and observation showed & Zn level of 0.3 ppm was adeguate except for com {0.8 ppm)
and pecans {20 ppm). Wheat was found to be adequately supplied even with Zn levels
of 0.1 ppm (124, Copper and manpanes: deficiencies bave yet 0 be wdentified in
Oklshoma.

i2. REFERENCES

1a.%
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DETERMINATION OF ZINC, MANGANESE, AND COPPER BY

MEHLICH 3 EXTRACTION
M. R. Tucker

1. PRINCIPLE OF THE METHCD

1.1

The extraction and determination of manganese, zine, and copper by this procedure is
designed to be applicable across a wide range of soil properties ranging in reaction from
acid to basic. Although the method was correlated with established extractants from sev-
eral regions and critical levels established, the specific critical levels should be based on
local soil, erop, and climatic conditions. Good correlations were obtained between
Mehlich 2 and Mehlich 3 for Mn and Zn (9.2) even though the me=an values were not
the same. Mehlch 3 correlated well with the Mehlich-Bowling extractant for Cu (9.5).
For cntical levels for the Mehlich 3 extractam, see 9.2,

2. RANGE AND SENSITIVITY

2.1

2.2

Managanese, zinc and copper can be extracted and determined without dilution in soil
concentrations of 20, 4.0 and 4.0 mg/dm® respectively. These equate to 40, 8.0 and 8.0
kg/ha for Ma, Zn, and Cu respectively. Higher concentrations can be determined with
appropriate dilutions or by using instrumentation equipped with a 3-standard micro-
processor. The method was developed using alomic absorption spectrophotometry at a
1:10 soil to sululion ratio (9.2).

Sensitivity will vary with type of instrument, wavelength selection, and method of
excitation. For a complete description of these parameters see Issac and Kerber (9.8),

3. PRECISION AND ACCURACY

Al

Repeated analyses of an internal check sample from 20 extractions by the NCDA Soil
Testing laboratory gave variances of 9.69, 10.82, and %.44% for Mn, Zn, and Cu, re-
spectively. The mean values were 5,42, 2.29, and 1.71 mg/dm? of Mn, Zn, and Cu. The
variance is essentialiy a factor related to sample heterogeneity rather than measurement,
extraction, or mothod of analysis.

4. INTERFERENCES AND CONTAMINATION

4.]

4.2

There are no known mterferences.

The potential of contamination between samples or from external sources {extraction
vials, filter funnels, and washing apparatus) should be recognized. Precautions should
be taken 1o avoid the use of extraction vials which contain micronutrient impurities.
Certzin plastic boitles are also charged and can retain copper and zinc from previous
extractions. Consequently, all laboratory apparatus must be washed with a reagent ca-
pable of displacing adsorbed mucronutnents. The rinsing solution used in this procedure
is described below (see 7.0).

5. APPARATLUS

51
3.2
3.3

MNo. 10 {2-mm) stainless stesl sieve.
2.5 cm* (volumetric) soil measure and teflon-coated leveling rod.

100-ml extraction bottles, preferably plastic.

T Chiel Agrenomist, Soil Testing Laboratory, NCDDA Agronemic Division, Raleigh, North Carolina.
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5.4
55
56
5.7
58
59

Reciprocating shaker {200 4-cm reciprocations/minute).

Plastic filter funnels, 11 ¢m.

Whatman No 1 { or equivalent} filter paper, 11 cm.

Funnel rack.

Vials, polystyrene plastic, 25 mi capacity for sample collection.

Awtomatic dispenser for extractam, 23 ml capacity.

510 Atomic absorption spectrophotometer and/or ICP. A -standard microprocessor AA is

desirable.

211 Velumetric Nasks and pipettes as required for prepamation of reagents and standard so-

lulicn.

5.12 Analytical balance.

6. REAGENTS

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

All reagents are ACS analytical grade or standard reference solutions unless otherwise
slated.

Extracting Reagent (02N CHyCOOH,; Q.25N NHJNOs, Q015N NHF: 0.013N HNO;;
G.00iM EDTA) - see 6.3 and 6.4 for mixing procedure of extraction reagents.

Armnonium Fluoride - EDTA Stock Reagent - Add approximately 600 ml pure water to
a -lier volumetric flask, add 138.9 g NH,F and dissclve, then add 73.05 g EDTA, dis-
solve mixlure and bring to volume with pure water,

Finaf Extraction Reagent Mixture - Add approximately 3000 ml of pure water to a 4-liter
volumelric flask, add 80 g NT1,NO; and dissolve; add 16 mI NHE-EDTA stock reapent
{see 6.3} and mix well. Add 46 ml CH,COOH and 328 ml cone. HNO,, then bring to
volume with pure water and mix thoroughly. The final pH should read 2.5 £ 0.1,

Manganese Standard (20 pyg Mna/mi) - Dilme 20 ml of commeraial Mn reference standard
(1ml = 1 mg Mn) ta ! liter with extractant (ses 6.4).

Manganese Working Standards - Ditute 25, 50, 75 and 100 m! of manpganese standard [see
6.3) to | liter with extractam {see 6.4), comesponding to 0.5, 1.0, 1.5, and 2.0 ug Mn/ml.
Following manufacturer’s guidelines, set instrument at zero with extractant {sec 6.4).
Using the 2.0 yg Mn/ml standard, set mstrument reading to 100. Intermediate standards
can be used to check linearity. Higher concentration tanges can be used with a
J-standard microprocessor-equipped atomic absorplion spectrophotometer.

Procedure and Caleulations - With the 2.0 ug Mn/ml set at the 100 instrament reading,
sonl extracts can be read direstly with appropriate dilutions when instrument readings
exceed 100, Instrument readout x 0.2 = mg Mnjdm? of soil. ‘The mg Mn/dm® x 2 =
kg Mn/ha and kg Mn/ha x 0.89] = Ibs Mn/acre. These calculations are based on a
volume of soil to a depth of 20 cm. For rationale see 9.4, 6.7,

Zinc and Copper Standards (4 ug Zn, Cujmi} - Dilute 160 m! of commercial reference
slandard (L m| = 1 mg Zn, 1 mg Cu/mI) to i liter with extractant {see 6.4). From this
ruxtnre, dilute 40 ml to | liter with extractant (see 6.4) for corresponding concentrations
of 4 ug Zn and Cu/ml. These standards can be prepared separaiely or in combination,
depending on preference.

20




6.9

6.10

Zinc and Copper Working Standards - Dilute 5 apnd 10 mi of zinc and copper standard
{4 ug Zn, Cu/ml) to ] Liter with extractant correspending to (.2 and 0.4 ug Zn, Cu/ml.
Following manufacturer's guidelines, adjust instrument to zero with extraciant (see 6.4).
Atomize the 0.4 ug Zn, Cu/ml standard and adjust instrument reading to 100, Interme-
diate standards can be prepared to check for linearity. Higher concentrations can be used
on instrurnents equipped with a 3-standard microprocessor.

Procedure and Cafewlations - With the 0.4 ug Zn, Cu/ml standard set at the 100 instru-
ment reading, soil extracts can be read directly with approprate dilutions when the in-
strument reading exceeds 100. Instrument reading x .04 = mg Zn, Cufdm?® of soil.
Allernately, instrument reading x 0.08 = kg Zn, Cu/ha. To convert kg Zn, Cu/ha to
lbs/acre multiply by 0.8%1. These calculations are based on a volume of soi! to a depth
of 20 em. For rationale see 9.4, 6.7,

7. DECONTAMINATION SOLUTION (0.2% AIC1, « 6H:0)
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1.2

Dissolve 20 g AIC]: in about 2 liters of pure water and make to 10 liters with pure water.
This solution velume can vary with the number of samples involved.

Procedure - Wash extraction bottles {sce 5.3), extraction vials (see 5.8), and funnels (see
5.7) with hot tap water, rinse with 0.2% AIC]; » 6H:(, then rinse with distilled water.
After placement of filter paper into funnels, rinse paper with .2% AiCl, # 611,0 fol-
towed with distilled water and allow to drain, Al washing apparatus should be con-
structed from stainlcss steel or plastic.

8. INTERPRETATION

8.1

8.2

8.3

Manganese - Calibration of the Mn soil test with this extractant is based on extractable
Mn and soil pH (see 9.1). Equations predicting the manganese availability index {MnAl)
for soybeans and corn are as follows:

Soybean MnAI = 101.2 + 0.6 (Mal) - 15.2 (pH).
Com MnAl = 108.2 + 0.6 {Mnl) - 15.2 (pH).

The critical soil test Mnl = 4 mg Mn/dm?, which 15 equal to a 25 soil text index. Due
to limited soil test cahibration for other crops, calculation of the MnAl is based on their
sensitivity to Mn as compared with com or soybeans. For example, the soybean MnaAl
is ulf:d 1o predict Mn needs for small grains since their sensitivity is closely refated to
soybeans.

Copper - The critical copper soil 1est level was established with the Mehlich-Bowling

{9.5) and the Mehlich 3 extractants (9.6). The cntical level is 0.5 mg Cufdm?, which
equates to a scil test index of 25,

Zinc - The critical zinc soil 1est level by this procedure is 1.0 mg Zn/dm?, which equates
to a soil test index of 25. A zinc availabibity index (ZnAl) has been established for
mineral, mineral organic, and organic seils based on the relationship between extracizble
zinc and soil pH (2.9). These values are as follows:

ZnAl { mineral soils) = Zn I x 1.0

ZnAl {mineral-organic soils) = Znl x 1.25

ZnAl (otganic soils) = Znl x 1.66

9. REFERENCES
9.1

Mascagni, H, )., mnd F. B Cox, 1985, <Calibration of 2 manganese availability index for soybeane soil test
data, Sail 5¢i. Soc. Am. J. 49(2): 382.386,
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9.2

5.3
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9.5
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Flant Anal. 15(13% 14091414,
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maghesium, sedium, manganess, and zinc. Commur. Soil Sci. Plant Anal, 9[5): 477492,

Mehlich, A. 1972, Unifermity of expressing soil test results, A cace for caloulating results on 3 volume ba-
ms. Commun. $oil Sci. Plant Anal, 3(5): 4(7-424,

Mehlich, A. and 5. 5. Bowling. 1975, Advancee n soll 1es1 methedr for copper by atomic absorplion
spectrophclomelry, Commun. Soil Sci. Plant Anal, S{2) 113-128,

Makarim, A. K., and F. R Cox. 1953, Evaluation of the need for copper wilh several coil sxiyaciants.
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Isanc, R A and J. D Kerber, 1972, Alomic abscrplion snd flame pholomelry. Techriques st uses in sail,
plant, and water analysis. p. 17-38. fr L. M. Walsh (ed). Instrumental methods For analysis of soils and
plan tissue, E55A, Madison, WI.

funus, M. A, 1984, Incorporalion of acidity and catlon exchange capacity in the zinc soil test interpretation.
Fh.D. digs., North Carolina $tate Univ., Rakigh, N [Diss. Abstr. AAC 8507178}
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DETERMINATION OF BORON BY HOT WATER EXTRACTION

R. A. Isaac*

. PRINCIPLE OF THE METHOD

i.l

1.2

This method is based on a modification of the method published by Berger and Trucg
(1L,

Since water extracts of low CEC soils often produce colloidal suspensions, colotimetric
analysts using the azotnethine method is unsuvitable. However, the curcumin colotimetric
method would be applicable because measurement of the extracted boron in an aleohol
soiution eliminates the effect of colloidal suspensions.

2. RANGE

2.1

The range of the methad is 0.10 to 3.00 kg/ha.

3. INTERFERENCES

il

There are no signiflcant interferences.

4. APPARATUS

4.1
4.2
43
4.4
45
4.6
4.7
4.8
49

ICP emission spectrograph.

Shaking hot water bath.

Analytical balance.

Scoop, 5 cm? volumetnic.

125 m| plastic erlenmeyer flasks,

Plastic filter funnels, 7 cm.

Plastic auto self-zeroing bauret, 50 ml.

Whatman No. 5 filter paper or equivalent, 11 cm.

Neo. 10 {2-mm opening} sieve.

5. REAGENTS

5.1

5.2

53

Baron Standard ¢ 100 ppm) - weigh 0.5716 g boric acid (H:B0,) into a 1 L. volumetric
flask and dilute to volume with deionized water. Store in a plastic bottle.

Boron Standard (10 ppm) - pipet 10 ml of the 100 ppm beron standard (see 5.1) into a
100 ml volumetric flask and dilute to volume with dionized water. Store in a plastic
bottle.

Deionized Water.

t  Professor ¢of Agronomy, Department of Agronomy, University of Georgla, Athens, Georgia.-
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6. PROCEDURE

6.1 Scoop 5.0 em? of air-dry < 10 mesh (2-mm) 501l into 2 125 ml plastic erlenmeyer fask.
Add 28 ml deionized water and shake for 30 minutes on a hot water shaking baih at 80
C. Filter through Whatman No. 5 filter paper mto a 125 ml plastic erlenmeyer flask,
Prepare 2 sample blanks for each 40 samples analyzed. Analyze the filirate for boron
using an ICP emission spectrograph. Colonrmetric procedures such as azomeihine-11
(11.2} and the curcumin method (11.3) may also be employed. However, note commenis
in 1.2.

7. CALIBRATION AND STANDARDS

1.\ Working Standards - prepare wortlung standards containing 0.10 and 0.30 gg boron/ml
by diluting aliquets of the 10 ppm boron siock solution standard (see 5.2} with delonized
water. Store in plastic botlles,

7.2 Calibration - use deionized water _}ﬂ,ﬂ pg/mil boron/ml) and the 0.30 pg boron working
standard for 2 point calibration. The 0.10 pg‘ml working standard is uscd to check the
lincanity of the 2-point calibration curve. The curve should be linear within +5%.

B, CALCULATIONS
8.1 The results are reported as kg/ha for a 20 cm depth of scil. Kg of boron/ha = {ug/ml

of boroa in extraction filtrate - pg of boren in blank) x 10. 1f extraction filirate is diluted,
the dilution factor must be applied.

9. EFFECTS OF STORAGE

9.1 After extraction, the boron-containing filtrate should not be stored any longer than 24
hours unless refrigerated or treated to prevent bacterial growth.

10. INTERPRETATION

10.1 Evaluation of the analytical results to crop response must be based on comelation data
from field and greenhouse tests under local soil-climate-crop conditions.

1l. REFERENCES

11.] Bepger, K. ., and B Truog 1940, Boron dewermination in seils and plants. Ind. Eng. Chem. 11;5306-3435,

112 Well, B. 1974, Improvements in the azamethine-H method for the dewrmination of baron, Commun. Soit
Sei. Plant Anal, 5(1%39-44,

1.3 Kowalenke, C. ., and Lo M. Lavkulich. 1976, A medified curcumin methed Tor boron analysis of seil ex-
tracts, Can. J. S5oil So. 56;5317-539,
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DETERMINATION OF NITRATE-NITROGEN BY SPECIFIC-ION
ELECTRODE

&, V. Johnson®
l. PRINCIFLE OF THE METHOD

1.} This procedure describes the determination of available {soluble) nitrate-nitrogen
(NQ5-N) using a digital pH/mV meter and a specific ion (NO,) elecirode with a double
junction refercnice electrode. The technigue and principles of the procedure ace similar
te that of measuring pIl with a glass electrode. The NO, is measured in a SUSPCNSion
of soil with water or a dilute salt such as (NH,);5Q. or CaS0, and is usually reponed
as WO4-N. Nitrogen so measured is often called “residual” or *carryover™ ™ and is sub-
teacted from the to1al crop N requirement as a final step in determining fertilizer N re-
quirement. This measurement is probably most useful in cropping systems where the soil
is not highly leached. Tlowever, even in leached soils 1the measurement can be useful
when samplings are properly timed and include a subsoil sample {12.1).

1.2 The use of this method and general interest in NO;-N soil testing occurred in about the
late “60s (12.1). Early research demeonstrated the procedure ta be relatively free of inter-
ference from other ions commenly found in soils (12.1, 12.3). A major disadvantage of
the early electrodes was the high requirement for skill and dexterity in replacing the
membrane and reassembling 1he electrode every three weeks. The newer electrodes have
a screw-on module that climinates this problem.

2. RANGE AND SENSITIVITY
2.1 The electrode cperates lincarly in the range of about 1 to 1,000 PPm NO;-N,

2.2 Sensitivity of the electrode procedure in soil testing is a funclion of the soil-to-solution
ratic. However, even for crops with only moderate nitrogen requircrnents {e.g., cotlon),
a soil-to-solulion ratio of 1:2.5 will allow mcasurement of levels as low as 5 InfA.

3 INTERFERENCES

31 Chlotide, carbonate, and bicarbonate are the ions most common to soil extracis which
may cause interference. 1lowever, even these ions have only negligible effect. At con-
centrations of up 10 400 ppm these jons will canse less than a 10% etror in analysis of
10 ppm NO3-N. Specific details of interferences as well as electrode principles and op-
erational procedures are usually provided with electrode purchase (12.4).

4. PRECISION AND ACCURACY
4.1 Repeated analysis of different control samples used over several months in the Oklahoma
State University Agronomic Services Laboratory has demonstrated a reproducibility of
% 2to 3 Ibs/A of the mean value of samples eontaining 10 1o 50 Ibs/A of NO.-N. Re-
quests for rerun of the test, cven on soils containing over 100 lbs/A of NO;-N, usually
tepeat within & 10 % of the initial test value.
5, APPARATUS
51 No. [0 (2-mm opening} sieve.

3.2 Scoop, 8.5 em? volumetrc (10 g).

¥ Prefessor, Oklahoma Slate University, Stillwater, Oklahoma.
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5.3 Extraction container, }00 m{ Disposable, 3.5 oz. plastic Solc cups, fitted into a
styrofoam base, are inexpensive and work very well.

54 A digital pH/mY meter,

55 A double junction reference electrode. Use the calcium sulfate extraction solution {(sce
6.1) as the outer-chamber filling solution instead of the filling solution shipped with the
reference electrode.  Replace the solution in the outer chamber daily.

556 A nmtrale ion-sensitive electrade.

5.7 A magnetic stir bar and plate (ot other suitable means for genily suspending soil in small
sampies).

6. REAGENTS

6.1 Extracting Reagent - Dissolve 2.0 g of caloum sulfate or 2.53 g of calcium sulfate
dihydrate in pure water and bring 10 1.0 Hter with pure water.

62 Primary Standard Solution - Weigh 7.220 g of dry potassium nitrate into a | liter
volumelric flask. Dissolve the potassium nilrate and bring to 1 liter volume with calcium
sullale extracting sclution. Label 1000 ug/ml N as potassium nitrate.

6.3 Working Standard - Prepare a 100 vg/ml working standard solulion by transfernng 100
ml of the primary standard (sce 6.2) to a 1 filer volumetric flask and bringing to volume
wilh exiracting solution. Both the primary standard and the working standard selutions
should be stored in the refrigerator.

6.4 Cafibration standards - Prepare calibration standards using the working standard soluticn
(6.3) according 1o the following table. Bring to 500 ml velume using extrecting reagent.

MLS Working  Actval ppm Reading in
stapdard N;-N lbs N/A
0 0 0
25 5 25
5 10 50
[N} 20 100

1. PROCEDURE

7.1 Measure 10 g of air-dry, sieved soil into the exiraction container, Add 25 mi of ex-
tracting solution and shake for 30 minutes on a rotary shaker at 130 rotations/thinute.

7.2 Measure NO,;-N in sojl/extraction soiulion suspension by immersing efectrode directly
into the suspension while it is being stirred. Analyze a standard solution every i0 samples
and restandardize if necessary.

8. CALIBRATION AND STANDARDS
8.1 Working standards. Working standards should be prepared as described in section 6.4.

These solutions may be prepared in sulficient volume 1o salisfy the needs for one week
when stored in a refrigerator.
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8.2 Standardize the instrument using the 100 lbs N/A solution for the high standard and the
25 [bs N/A solution for the low standard with a two-point standardization.  Solutions
should be stirred while readinps are being taken, and the electrode rinsed with distilled
waler and hlotted after each determination. Verify reliable (linear) standardization by
analysis of the remaining calibration solutions (see 6.4).

9. CALCULATIONS

2.1 The results are reported as Ibs. NO;-N per acre furmow slice (6 2/3 inch depth). The same
testing procedure is used to measure available NO*.N in the subsoci. The surface and
subspil values may be combined afier adjustments to the subsoil value have been made
to account for the difference in soil depth sampled.

10. EFFECTS OF STORAGE

10.1 Soils may be stored in an air-dry condition for several months with no effects on the
gvailzble W(-N content.

10.2 After extraction the suspensions should be analyzed as 5001 45 possible. Results are
unlikely to change significantly within 12 hours after extraction.

11. INTERPRETATION

1.1 Evaluation of the results witli respect to adequacy of nitrogen for crop production is
possible when the pitrogen requirement of different crop yicld goals has been established.
In the simplest, most direct interpretation, N fenilizer requirement is calculated by sub-
tracting the soil test N value from the N requirement estimated from crop yicld goal
{12.5).

12. REFERENCES

1.1 Ward, B C 1971, NO,-N soil tesl. Approaches 1o use and interpretation. Commupn, 5oil Sci. Plant Anal,
2 {2):61-T1.

122 Cien, A. and Selmer-Qlsen, A. B, 1963, Nirate determination {n 3oil extracts with the nitrate elwetrode,
Analyst 94:228-804,

123 Polerton, W, W. and Shults, W, D, 1967, An evaluation of the performance of the niwate-gelective electrods.
Anat, Letbers 1{211-22.

174 Orion Research, 1981, Nirate ion electrode mode] 92307 insiroction manual. Orion Research, Inc,
Cambridge, MA.

12.5 Johneon, . ¥. and B. B, Tucker. 1982. OSLUS genl test calibrations.  Oklahoma State Uinlv, Ext. Facte 3325,
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DETERMINATION OF pH, SOLUBLE SALTS, NITRATE, PHOSPHORUS,
POTASSIUM, CALCIUM, MAGNESIUM, SODIUM, AND CHLORIDE IN
POTTING MEDIA (NON-SOIL MIXES) BY
SATURATION EXTRACTION

. Kidder®
1. PRINCIPLE OF THE METHQOD

1.1 Potting media {non-soil mixes) used for production of plants in pots or similar containers
generally have relatively low nutrient-holding capacity. The primary source of nulrients
for plant growth are those in the soil solution. Saturation extract of the media gives a
good indication of the available nutrient status. [n this method, the media sample is
satvrated without prinding or sieving; thus possible segregation of the mix components
ts elitninated and analysis of the actual growth media being used by the clicnt is assured.
Soluble salt and nutrent concentrations in the saturalion exiract are related to the
moisture-holding capacity of the media. This mecihod eliminates the need to consider
bulk density and enables one set of guidelines for all mixes {12.5).

1.2 Sawuralion extraclion for measuring salt content of soil was adopted by the U.S. Salinity
Laboratory (12.4). In a study of the saturated soil extract method for analyzing
greenhouse growlh media, Lucas, Rieke, and Doll {12.2) found it provided more mean-
inglul results and was more advantagecus than the Spurway method (12.3). Wameke
and Krauskopf (12.5) discussed the saturation extract method and presented the inter-
pretations used by the Michigan State University Soil Testing [aboratory.

2. RANGE AND SENSITIVITY

2.1 The method is adapted to potting media (soil-less mixes and sand) thal have low
nuirient-holding capability. 'The method is less accurate for soils or mixes that have ap-
preciable nutrient-holding capacity.

2.2 Sensitivity of analysis is dependent upon the instrumentation used. Dilution may be
necessary for samples having high soluble sali levels.

3. INTERFERENCES
1.1 High soluble salt levels may confound pl measurements.
32 Mixes containing slow-relzase fertilizers may give inconsistent results.

3.3 Interferences relevant to individual analytical procedures (schuble salt, pH, NOs-N, P,
K, Ca, Mg, Na, and C1} apply.

4. PRECISION AND ACCURACY
4.1 Reproducibility of results is dependent upon wetting the sample just to the point of
complete saturation. When properly saturated, pli, soluble salt, and nutnient levels are
reproduced with good agreement.
5. APPARATUS
5.1 600-ml plastic beaker.

5.2 Spalula.

10 Professor and Exlension Scils Specialist, Soll Science Deparunent. University of Florida, Gainesville,
Florida.
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5.3
54
35
56
57
5.8
5.9

Filter paper (Whatman No. 1), 11-cm.

V¥acuum (lask, 250-ml.

Buchner funnel, !1-cm.

Vacuum pumgp.

vial, snap-cap, 100 mil.

Conductivity btidge witk 0 10 1 million ohm range,
Conductivity eell, dipping type, (cell constant of 1.0),

5.10 Thennometer.

5.11 pH meter with paired glass and calomel refersnce electrodes.

5.12 pH meter with expanded scale or specific ion meter.

5.13 Nitrate electrode with paired reference electrode.
5.14 Chlorile electrode with paired reference electrode.

5.15 Colorimeter.

5.16 Flame emission and/or atomic absorption spectrophotometer.

5.17 Volumetnc flasks and pipeties as required for preparation of reagents and standard so-

luticns.

6. REAGENTS

6.1
6.2
6.3
64

6.3

6.6
6.7
6.8
6.9

Pure Water - for saturation of samples.

0.0/N Potassivn Chioride fKC/) - for standardizing conductivity bridge.

Buffer Solutions - pH 4.00 and 7.00 buffers for standardizing pH meter.
Nitrate-Nitrogen Standard (1000 ppm) - Weight 7.218 g dry KNO; into a 1-liter
volumetric flask and bring to volume with pure water, Prepare stusulards containing 1,
5, 10, 50, 100 and 200 ppm nitrate-nitrogen by diluting appropriate aliquots of the 1000
ppm standard with pure water.

Chioride Standard (1000 ppm) - Weigh 2.103 g dry KCI1 into a |-liter volumetric flask
and bring to volume with pure water. Prepare standands containing 1, 5, L0, 50, 100 and
200 ppm chloride by diluling appropriate aliquots of the 1000 ppm standard with pure
walter.

Phosphorus Reagents - see Chapter 3, Section 6.2 for phosphorus color development.
Potassiumn Reagents - see Chapter 4, Section 7.2 for potassium determination,

Caleium Reagents - see Chapier 4, Section 7.5 for calcium determination.

Muagnesium Reagenis - see Chapter 4, SBection 7.5 for magmesium detenmination.

6.10 Sodium Reagents - see Chapter 4, Section 7.2 for sodium determination.
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7. PROCEDURE

7.1 TFill a §00-ml beaker about 2;3 full with the potting media sample ay received from the
client. Gradually add pure water (see 6.1} while mixing uniil the sample is just saturated.
At saturation the sample will flow slightly when the container is tipped and will be zasy
to work with a spatuia. Depending on the mix’s composition, the saturated sample may
glisten as it reflects lght. After mixing, allow the sample to equilibrate for one hour and
then check the criteria for saturation. The salurated sample should have no appreciable
free water on the surface nor should it have stiffened. Adjust as necessary by addition
of mere media or pure water, Then allow t6 equilibrate for an additional half hour.

7.2 Determine pH on the saturated sample by carefully inserting the ¢lectrodes direcily into
the saturaled media. Transfer the saturated sample to a Buchner funnel lined with a filter
paper. Be sure there is good contact between the saturated sample and the filter. Elim-
inate entrapped air. Apply a vacuum and collect the extract in the flask. Transfer the
extracl 1o a snap-cap vial

7.3 Check the temperature of the extract and adjust the temperature dial on the conductivity
bridge. Rinse the ¢lectrode, then dip the conductivity cell into the extract. Determine
the electrical conductance of the extract and record in decistmens per meter {d5/m,
tquivalent to mmhos per cm).

7.4 After establishing the standard curve, determine the nitrate-nitrogen content with a
nitrate electrode. Record millivolt teading on an expanded scale pH meter or specific ion
Em;tti; and compare with the standard curve plotted on semilogarithmic graph paper

12.1).

7.5 After establishing the standard curve, determine the chlonde content with a chloride
electrode. Record millivolt reading on an expanded scale pH meter or specific 1on meter
and compare with the standard curve plotied on semiloganithmic graph paper.

7.6 Deterntine phosphonis ot an aliquot of the extract using an accepted colorimetric pro-
cedure (see Chapter )

7.7 Determine potassium, calcium, magnesium, and sodium on an aliquot of the extract by
flame smission or atomic absorption speciroscopy (see Chapter 4).

8. CALIBRATION AND STANDARDS

8.1 Working Standards - Working standards should be prepared as indicated in section 6.
If the clernent concentrations are outside the range of the insirument or standards, pre-
pare 4 suitable dilution. Dilute only as necessary 1o minimize magnification of error in-
troduced by diluting.

8.2 Calibrarion Procedures - Calibralion procedurss vary with instrument techniques and
type of instrument. Take every precaution to ensure that the proper procedunts and
manufaciurer recommendations are fallowed in the operation and calibration of the in-
struments used,

9. CALCULATIONS
9.1 Reporl soluble salt levels as decisemens per meter {d5/m). Convert the electrical
E}unductanm {dS/m) to ppm {mg/l} by multiplying by the empirically derived factor of
0.

9.2 Report results for nitrate-nitrogen, phosphorus, potassium, caleium, and magnesium as
mg/l of extract.

9.3 Determine nuirient balance by calculaling for each nutrnient element its percentage of the
total scluble salts, as follows:
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(Edement conc) (100)  _ (mgth) (100)
Total sofuble salt conc (gl

Elernent, % =

10. EFFECT OF STORAGE

10.1 This procedure allows extraction of moist samples just as they are received from the cli-
ent. Drying of potting media samples is unnecessary and undesirable. Siorage of samples
in either the dry or moist state will influence primarily the soluble nitrate-nitrogen level.

1. INTERPRETATION

11.1 Desirable pH, seluble salt, and nutrient levels vary with the crop being grown, the growth
stage of the plants, and management practices. The following general guidelines can be
used in making preliminary judgerent of the results. Cliznts should be urged 10 observe
plant growth and develop interpretations of test results particularly sujted to their crop,
media, and management situations.

Annuals {12.5)
Rating Catepory
Very
Analysis - Low  Acceptable  Optimum High High
pH <53 53 546 5.6-5.8 58-65 =65
Soluble
Salts <08 0.8-2.0 2.0-3.5 1550 =359
(dS/m}
Nitrate-WN =~ < a0 40-100 100-200 200-300 300
(tngfl)
Phosphorus < 3 3 5 & 10 I-18 > I8
{mg/1}
Potassium <60 60-150 150-250  250-350 =350
(mg/1)
Calaium <80 E0-200 200-40) > 400
(/1)
Magnesium < 3 30- 70 F-140 > 140

{mg/T)

N
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13.3
Iy

12.5%
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Woody Ormamentals*
Adzpted from Yeager and Ingram (12.6)
R.ating Category
Very
Analysis Low  Acceptable  Oplimum  High High
pll < 5.0 5.0-55 55.58 58.65 >6.5
Soluble
Salts <0.7 0.7-1.4 1.0-1.5 1.5:30 =349
(dS/m)
Nitrate-N <40 40-80 80-100 100-200 =200
(mgf1)
Phosphorus < 3 3-8 g- 12 12-18 = I8
(mg/1)
Potassium <10 10-20 20- 40 40- 80 > 80
(mgf1)
Calctum <10 10-20 20- 40 40-100 =100
(mg/1)
Magnesium < 10 10-15 15-20 20-80 > 60
(mg/1)

*Plants of the Enicaceae family (e g., azaleas) require lower levels
of nutrients than {hose shown in this table.

11.2 Desired nutrient balance as percent of the total soluble salts is: 8 to 10% nitrate-nitrogen,

11 to 13% potassium, 14 to 16% calcium, and 4 1o 6% magnesiom. If chloride and
sodium are deterrnined, their percentages should each be less than 10%.

12. REFERENCES
121 Dahnke, W, 1971, Use of the nitcate specific on elecirode in soil ening. Commun. Soi Scl. Plant Anal

2(2)73-84.

Lucas, B.E., P.E. Ritke, and EC, Doll. 1972 Soll satursied sxiracl method lor determining plant nutrent

levels in peawy wrd other goil mixes. dih [niernal. Peatr Cong. 3:221-230.
Spurway, C.H., and K, Lawton. 1949, Soil weing. Mich, Agr. Eip, St Budl 132,

LIS, Safinity Laboratory Staff. 1954, Disgnosiz and itnprovement of saline and aliali scils.  Agric. Handb.
Mo, 80, LUSDA, LS. Gavernment Prining Offlice, Washungton, D.C.

Warncke, 0.0+, and D M. Krauskopl, 1983, Greephouse growth media  Terting aoed nutrition guidelines.
Eat Bull, E-1736, Michigan State Ly,

Yeager, T.H. and D.L. Ingram. 1985, Container production of helly i Florids. Fla Coop. Exl. Serv, Cire.

59,
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STRIP-MINE TESTING PROCEDURE FOR MAXIMUM POTENTIAL

ACIDITY AND ALKALINITY DETERMINATION
W. 0. Thom"

A. TOTAL POTENTIAL ACIDITY

1. PRINCIPLE OF THE METHOD

1.1

1.2

1.3

1.4

The total potential acidity is a total of the potential acidity plus the free acidity of
the soil or 5poil material. The free acidity 15 the acidity of the soil or spoil as
measured with the buffer pH method. The potential acidity is the acidity of the soil
or spoi} after oxidation of the suifides has occurred.

Developmental work on the total potential acidity test was done to obtain reliable
and reproducible values on a routine basis. The test meets this requirement except
that, when calcium carbonate is present in the matertal, an erronecusly low value
for potential acidily will be oblained.

An effervescence test for calcinm carbonate is included to aid in judgenent for de-
termining the alkalinity or neutralization potential of 1he soil or spoil sample (Part
B}

The major source of sulfides found in sirip mine areas is iron pyrite (FeS;). Its
oxidation with H;{; is as fellows:

2FeS; + 1580, = Fe,0, + 4507 + 11H,0 + 8H™

For every equivalent of FeS; present, 4 equivalents of H* are produced,

2. RANGE AND SENSITIVITY

2.1

22

Due 1o the small quantities of iron pyrite needed to generate a final recommenda-
tion of several tons of lime (20 mg FeS; = 10 tons CaCO,), it is important that
great care be piven to sample collection and handling, especially in the grinding and
mixing of the sample.

If the lime {CaCO;) requirement is greater than 20 tons per acre with a 5 g sample,
the procedure should be repeated with a 1 g sample in duplicate, or 0.2 g sample in
duplicate.

). INTERFERENCES

1l

Free CaCO; or litne redurey measured potential acidity.

4. APPARATUS

4.1

Jaw crusher-grinder.

4.2 Pulvenzing grindet.

4.3

Hot water bath.

4.4 Hot plate.

I Associale Extension Professor and Soils Specialist, University of Kentucky, Lexington, Kentucky.
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4.5
4.5
4.7
4.8

4.9

18 liter bottle with ascarite colurmn.
4.5 cc scoop,

50 ml beaker.

(lass stitting rod.

500 mt beaker.

4.10 Ribbed cover glasses for 500 ml beaker.

4.11 pH meter with expanded scale.

4.12 Titration buret.

4.13 Separating riffle.

5. REAGENTS

5.1
52
5.3

54
5.5
5.6

Hydrogen peroxide, 30%. Keep refrngerated.

Potassium hydragen phikalate (KHCoH (Os).

Sodium hydroxide, 0.02 yo 0.0IN - Add 30 ml 1;]1 NaOH to 18 liters of boiled,
deionized water. Standardize with KHCyH,0, and store in stoppered bottle with
ascarite column,

Standard pH 4.0 buffer.

Standard pH 7.0 buffer.

&N Apdrachioric acid.

6 PROCEDURE

6.1

6.2

6.3

6.4

6.5

The well-mixed sample is crushed into particles 174 inches or less using the jaw-
crusher grindes. The sample i3 then ground through ihe pulverizing grnnder until
all the sample passes a [0-mesh screen. No part of the sample is discarded.

The whole sample is riffled into two sub-samples. One sub-sample is replaced in
the ongnal container for storage and the other sub-sample is ground through a
pulvenzing grinder until all the sub-sample passes an 80-mesh screen. A micremill
may be léi? to fimsh grinding what 1he pulverizing grinder does not finish. Mo pare
is divearded,

A preliminary effervescence test is carried out prior 10 measuring polential acidity.
Measure 4.5 cc of dry BO-mesh sample into a 50-ml beaker, add 10-ml deionized
water and stir with a glass rod to remove bubbles. Add 4-6 m! of 6N HCI and stir
with glass rod. Immediately observe surface for bubbling (effervescence).
Effervescence is rated as 0, +, + +, or + + + indicating carbonates as none, few
NUMEroUs, of very numerous. Samples rated + + or + + + should have total
alkalinity measured (Part B) for neviralizing credit from potential neutralizing bases.

Weigh 5.00 g of dry 80-mesh sample into a 500 ml beaker and cover with ribbed
cover glass (Use balance with 0.01 g sensnivity).

Place beaker with sample into hot water bath at 50 C,
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6.6 Add 10 ml 11;0; to sample and wait until reaction stops. Continue to add H:0,
by 10 ! increments unlil 120 mi of H,O; has been added (This procedurs may
require 3 1o 4 hours).

6.7 Keep reaction at 50°C for about 8 hours, tumn off heat in hot water bath and allow
reaclicn 10 continue unti! the next morting.

6.8 Remove beakers from water bath the next mumm%_and place on hot plate at 95°C.
Boil with ribbed cover plass in place until all effervescence has stopped. Add
detonized water when volume drops 1o 50 ml. Do not alfow sarrpies to boit dry.

62 Remove samples from hot plate, cocl to room temperature, and add deionized
water until total volume is 150 ml. Use some of the deionized water to rinse ad-
hered material from the sides of the beaker.

6.10 Titrate the sample with standardized NaOH 10 pH 7.0 using a standardized pH
meter. Fill and empty the titration buret before titrating the sampie.

6.11 A preliminary caleulation shoutd be made to determine if the procedure should be
repeated with a smaller sample size:

mi NaOH x normality x [5 = Est. Tons{d

If the answer is grealer than 20, then repeat sieps 6.4 through 6.10 with duplicate
samnples using 1.0000 g samples (Use balance with 0.01 mg sensitivity).

6.12 If the procedure using 1.0000 g samples is followed, a second calculation shovld be
used 1o determine if the sample size should be further redured:

miNaOH x normality x 15 = Eit. Tonsj4

If the answer 1s greater than 100, then repeat steps 6.4 through 6.10 with duplicate
samples using 0.2000 g samnples.

7.0 CALCULATIONS
7.1 Standardization of the NaQOH requires the following caiculation:

) (g KH CyH4O4) (1000)
NaOH rormality =~ ooty (mi NaOF)
7.2 Determine total requitemnent of CaCOy; to neutralize potential acidity as measured
by this procedure:
(md NaO'H) (normuadity) (50)

Tons CaC0,/1000 tons material = (rample 5ize, 2)

7.3 The amount of agncultural ime recommended per 1000 1ons of material will de-

pend on the effective neutralizing capability of the lime and the conversion factors
developed through research studies.

7.4 The bulk density may be greater from a surface disturbed by mining than from an
agricultural soil. Therclore, the calculated amount of lime needed should not be
recommended on a per acte basis until the bulk density of the reconstrucied surface
is determined.
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B. NEUTRALIZATION POTENTIAL (ALKALINITY)

1. PRINCIPLE OF THE METHOD

1.1

1.2

1.3

This procedure was developed to measure bases that may be present in the surface
following strip mining, or from vnreacted timing materials applied prior to sampling
that will contobute to reducing the lime requirement for neutralizing potential
acidity.

The amount of newtralizing bases, including carbonates, present in the surface ma-
terial is determined by treating the sample with a known excess of standardized
hydrochlonic acid and then measuring the unreacted acid by titration with stand-
ardized sodium bydroxide. The sample and acid are heated to insure that the re-
aclion goes to completion,

The eifervescence rating from the potential acidity determination is used to insure
the addition of sufficient actd 1o react with carbonates and other bases present.

2. INTERFERENCES

2.1

Run a blank for cach volume of arid used or for each normality of acid added to
the sample in order ta correct for any environmental and glassware influences on
the sample results.

). APPARATUS

3.1 Flask, Erlenmeyer, 250 m! (4 required).

3.2 Burety, 100 ml (one for acid and one for base).

3.3 Hot plate {steam bath can be substituted).

14 pH meter with expanded scale and combination clectrode.

1.5 Balance, sensitivity of 0.0001 g.

36 1-liter bottles equipped with ascarile columns (4 needed).

4. REAGENTS

4.1 CO;-free water.

4.2 Hydrochlaric acid (HCH), approx, 0.5N - Dilute 42 ml of concentrated HCl to a
volume of 1 liter with CO,-free water, Protect with ascarite celumns. Standardize
with approx. 11.5N NaOH after it is standardized.

4.3 Hpdrochloric acid (HCI), approx. 0./N - Dilute 200 ml of the 0.5N HCl to | liter
with CO;-free water. Protect with ascante column, Standardize with approx. LN
NaQH after the NaOH is standardized.

4.4, Sodium hpdroxide {NaOH ), approx. 0.5N - Dissolve 20.00 g of NaOH pellets in
CO;-free water and diduie to 1 fiter with CO; free water. Protect with ascarite
colurnn. Standardize with KHCeH0,.

4.5 Sodium hydroxide (NaOH ), approx. 0.JN - Dilute 200 ml of 0.5N NaOH 1o a
volume of | liter with COz-free water. Protect with ascarite column. Standardize
with KHC H, Q..

4.6 Potastium hydrogen pithalate (KHCeHa0, ).
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5. PROCEDURE

5.1
5.2

5.3

54

55
5.6

57

58

59

Weigh 2.000 g of dry 80-mesh sample inte each of two 250 m! Erlenmeyer flasks,
Carefully add HCI in the amount and normality indicated by the following table

into 1 flask. In the second flask, carefully dispense the amount and normality for
the next higher rating in the table.

Volume and normality of HCl used, by effervescence rating.

Effervesence HCL
Rating ml Normality
0 20 0.1
+ 4() 0.}
+ + 4() 0.5
++ + 80 0.5
- 100 0.5

Heat the flask and hot plate to near boiling, swirling the flask at least every 5 min-
utes, until the reaction is complete. Do nor boif the sample. If boiling occurs, dis-
card the sample and rerun.

The reaction is complete when gas evololion has stopped and the remaining sample
particles will settle evenly over the bottom of the flask.

Add CO,-free water ¢ make a total volume in the sample flask of 125 mt.

Place samnple on hat plate and beil for 1 minute. Remove sample from hot plate
and cool to 30 €. Cover tightly and cool to room temperature. Do not place
stopper in the hot flask as it may implode upon cooling.

Place pH electrode in flask and titrate with standardized NaQH of either approxi-
mately 0.1N or 0.5N, whichever is closest to the pormality of the HCI added before
digestion in step 5.2. Titrate until a constant reading of 7.00 remains on the pH
meter for at ieasi 30 seconds,

If less than 3 ml of NaQH is required to obtain a pH of 7.00, it is likely that the
HC} added in the first flask was not sufficient. The duplicate sample should then
be titrated and used for caleulations.

A blank should be run starting at step 5.2 for each volume and normality of HC]
used (2 needed for each sample). The blank titrated should maich the one used for
calculation.



6. CALCULATIONS

6.1

6.2

63

6.4

6.5

6.6

Standardization of the NaOll requires the following calculations using potassium
hydrogen phthalate (KHC,I1,0.}:

(s KHCyH,0,) (1000)

NaOH normelity = =02 338 (ml NaOFD

Normality of the HCI is determined after standardization of the NaQH:

{NaQH normaliny) (mi NaOH)
(ml FHCh

HClnormality =

A constant {C) is calculaied from titration of the appropriate blank:

(md HCI in blank)

C = TnNeOH blank)

Amaount of acid consumed by the sample:

mi HCl consumed = (mf HCladded) — [ (mi NaQE) (O ]

The calcium carbonate equivalent of the bases is calculated per 1000 tons of mate-
rial:

Tons CaCOy /1000 tons material = {mi HCi corsumed) (HCi normality} ( 25.023%)

The bulk density may be greater from a surface disturbed by mining than from an
agricultural soil. Therefore, the calculated amount of CaCO; available for neutral-
1zing on an acre basis should be corrected after the bulk density of the reconstructed
surface iz determined.



1

DETERMINATION OF EXCHANGEABLE ACIDITY USING
BaCl:-TEA BUFFER

M. E. Sumner?

. PRINCIPLE OF THE METHOD

L]

1.2

This method measures the acidity that is exchangeable by the BaCl,-TEA extractant that
is buffered ai pH 8.2. Thus the exchangeable acidity measured is comprised of
exchangeable Al and any H that will dissociate when the soil is brought to a pH of 8.2
{potential acidity). M is also a measure of the variable charge developed between the scil
pH and pH 8.2,

This method was developed by Mehlich (9.2), and is a modification of a previous
Mehlich methed (9.1).

. RANGE AND SENSITIVITY

21

22

By varying the quantity of scil used, thiz method can be used on all soils to measure
exchanpgeable acidjty,

Because the endpoint is determined colorimetrically, some varation between operators
can be expected.

. INTERFERENCES

1

Few problems are experienced.

. PRECISION AND ACCURACY

4.1

Exchangeabie acidity can be determined within .1 meq/100g.

. APPARATUS

5.1
5.2

53

Beakers, 100 ml glass,
Buchner funnel {5.5 ¢m) and vacoum flask.
Whatman No. 42 {iiter paper, 5.5 cm.

. REAGENTS

6.1

6.2

6.3
6.4

Buffer solution - Adjust 0.5N banum chloride dihydrate (BaClz* 2H,;(), 61.07 gfliter,
and (.2N triethanolamine [N{CH;CH;OH),|, 25.8 giliter, to pH 8.2 with hydrochlonc
acig {HCI). Protert from €0, contamination by attaching a tubs containing soda time
to the air intake.

Replacing tohition - Combine 0.5N barium chlonde (BaCly) (61.07 g of BaCl;
2H ;0liter) with 0.4 ml of the above buffer solutton perliter. Protect from CO; as with
the buffer solution.

Hydrochkiorie acid (FIC!) - Approximately 0.2N, standardized.

Bromoeresol green - 0.1% aquecus solution.

L Professor of Soil Fertitity, University of Georgia, Athens, Georgia.
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6.5

Mixed indicaior - Dissolve 1.250 g of methyl red and 0.825 g methylene biue in | Liter
of 90% ethanol.

7. PROCEDURE

71

12

Scoop 10 em? air dry < 10 mesh soil into 100 ml beaker (use 5 ¢m® for very acid soils).
Add 25 ml of buffer solmion, mix well and allow to stand for | hour. Transfer mixture
to Buchner [iltration system and add a further three aliquots {25 ml} of buffer solution.
Continue with 10¢ ml of replacing selution for a 1otal of 200 ml,

Mix 100 mi of buffer solution with L0¢ ml of replacing solution 10 serve as a blank. Add
2 drops bromocresol green and 0 drops mixed indicator. Titrate with HCl 1o a green
1o purple endpoint. Follow same method for soil hiltrates.

8. CALCULATIONS

Exchangeable acidiy  (mi HCIfor blank — mi HCI for soil filtrate)

(meqf100 g) - sarmple, §

9. REFERENCES

91

3.2

9.3

Mehlich, A. 1939, Use of yinbanalamine aeetats-barium hydroxide buffer for the derermination of some
base exchangs properties and hme requirerment of sofll, SoilSel Seo, Am Proc 3162-164,

Mehlich, A, 1953, Rapid deermination of calion snd anpion exchange propertier and pHe of rads. J, Assoc.
OfT. Agric, Chert 36:445-457

Thomas, G, W, 1982, Exchangeable cations. fa A. L. Page, B, H. Miller, and D. R. Keepey {ed.) Methods
of soil analysis. Part2, Ind ed. Agronomy 9;15%-165. ASA and 5584, Madison, WI.
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DETERMINATION OF EXCHANGEABLE ACIDITY AND
EXCHANGEABLE Al USING 1N KCl

M. E. Sumner?
1. PRINCIFLE OF THE METHOD
1.1 The acidity measured by the BaCl,-TEA method bears very little relationship to that to

which plant roots react. The N KCl method extracts the acidity eachangeable at the
existing soil pH ang consists primarily of Al and some H. It is termed the “active” acidity
in zoil and determines 1o a substantial extent whether or not roots will grow in an acid
soil.

2. RANGE AND SENSITIVITY

Z.1 Ths is a reliable and convenient method that is quite accurate. Exchangeable acidity as
litile a5 0.05 meq/100 g is readily determined.

1. INTERFERENCES
3.1 There are no interferences.
4, APPARATUS
4.1 Beakers, 100 ml glass.
4.2 Buchner funnel (5.5 cm) and vacuum flask.
4.3 Whatman No 42 filter paper, 5.5 cm.
4.4 Buret, 50 ml.
5. REAGENTS
5.1 Replgcing solution ([N potassium chipride) - 74,56 g of KCljliter.

5.2 Ahomimim complexing solution (/N potassive fluoride) - Titrate 58.1 g of KF/liter to a
phenolphathalein endpoint with sodium hydroxide {NaO1),

5.3 Hydrochioric acid - approximalely 0.1N, standardized.
5.4 Sodian hydroxide - approximately 0.IN, standardized.
5.5 Phenolphthalein solution - | g of phenolphthalein/ 100 m! of ethanol.
é. PROCEDURE
6.1 Scoop 10 cm? air dry < 10 mesh soil into 100 ml beaker, add 25 m! of N KCI, mix and
allow to stand for 30 min. Transfer mixture to Buchner filiration system and add 5x25

ml aliguots of N KClto give a total volume of 150 mlL

6.2 Titrate filtrate, after adding 4 10 5 drops of phenolphthalein with (.1 N NaOH to the first
permanent pink endpoint. This tilre gives exchangeable acidily.

6.3 Add 10 ml of 1N KF and titrate wath 0.1 N HC] until pink color disappears. Wait 30
min. and add additional HC] 10 a clear endpoint. This titre gives exchangeable Al.

1 Professor of Soil Fertility, University of Georgia, Athens, Georgia.
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7. CALCULATIONS

{mi NaOH sample — mi NaOH blark) x N x 100
sarmple, g

meq KClacidity =

prdf FIC x N x 100
sample, &

meq KCl exchangeable Al =

meq H = KClexchangeable acidity — KC! exchangeable Al

8. REFERENCES

%1 Thomas, G, W. 1982, Exchanpeable cations. dr A, L Poge, R. H. Miller, and B, B, Keeney {ed.) Methods
of soil aoalygis. Part 2. Ind ed. Agronomy 9:150-165. ASA and 535A, Madisen, Wi,
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COLORIMETRIC DETERMINATION OF HUMIC MATTER WITH
0.2N NaOH EXTRACTION

M. R, Tucker*
1. PRINCIPLE OOF THE METHOD

1.1 This extraction method is designed 10 determine the sodium hydroxide-scluble humic
maiter thai consists of humic and fulvic acids. These compenents comprise approxi-
mately 85 to 90 percent of the soil humus and are responsibie for the cation and anion
exchange properties exhibited by the soil organic fractjon.

The method is based on the concepl that humic matter compounds are soluble in dilute
alkali schutions (6.1, 6.2, 6.5). Acidic organic compounds are converted to jons with
subsequent formation of a physical solution of these ions in water (6.5). The reaction
of a dilute alkali with the humic matier results in a colored scluticn that is proporiional
to the soluble humic matter conienl within the seil. The color varies from shades of
brown to black depending on the type of soil from which the sample originaies.
Colorimetric determination of the humic matter content of soils by this meihod is based
upon the color inlensity of the solution following extraction with a dilute alkalk
extractant. The alkali used in the method was NaOH, which serves as the humic acid
solvent; DTPA alds in the dispersion of some of the large molecular Ca-humate com-
pounds and ethano] aids in the solubility of hydrophobic lipid components of soil erganic
matler. Calibration data were generated from a standard humie matier source {4.3).

This method was designed to accomplish twe major objectives: (1) 1o estimate the
chernically reactive porlion of the soil organic fraction for belter prediction of herbicide
rate requirements and (2) 10 remove chromivm from the effluent of municipal wasis
sytems. Experimental evidence has shown that this method can be used 1o predict
herbicide cates (6.3, 6.4, 6.7).

2. RANGE AND SENSITIVITY

2.1 The humic matter content of soils by this method can be determined up to 10 percent.
Higher levels could be determined with a wider extraction ratio (6.6). The method as
described will encomypass a majority of mineral soils. Saturation by this method is en-
countered on the organic and mineral organic soils where 10tal organic matler is high.
There are cases, however, of organic soils in which the humic matter content is low even
though the percent combustible organic content may be in excess of %) percent.

The sensitivity of this method would depend on quality and homogeneity of the field
sample.

3. APPARATUS
31 No. IG (2-mm opening) sieve.
3.2 1.0 cm? {volumetric} soil measure and teflon-coated leveling rod.
33 55 ml polystyrene extraction vials. (33 mm D x 75 mm H).
34 Automatic dispenser for extractant, 20 mi capacity.
3.5 Diluter-dispenssr, 5:35 ml capacity.
3.6 Analytical balance.

4 Chief Agronomist, Soll Testing Laberatery, NCDA Agronomic Division, Raleigh, Norlh Carolina.
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37 Photometric colorimeter suitable for measuring in the 650 nm range. Colorimeters
equipped with moveable fiber optic probes can be used to read samples directly from
diluted szmple vials.

4, REAGENTS
4.1 All reagents are ACS analytical grade unless otherwise stated.
4.2 Sodium hydroxide [ NaOH ).

4.3 DTPA (Diethylenetriaminepenta acetic acid, pentasodium salt) - Technical grade (40 %
1% in H,0), fw = 502.26. Density = 1.26.

4.4 Evhf alcohol, denotwred (O H0H ),

4.5 Standard humic acid (Aldrich Chemical Co., 940 W. 51. Paul Ave., Milwaukee, W]
53233).

4.6 Exiracting Schition, 0.2N NaQH . 0.0032M DTPA4 - 2% Alcohol. sing a 4-liter
volumetnc flask, add about 1000 ml of pure water, 32 g NaOH (sze 4.2), and dissolve.
Then add 16 ml of DTPA (sce 4.3) and BO ml of ethanol (see 4.4). Make to volume with
pure water and mix thoroughly. Larger volumes of the extraclant can be prepared de-
pending on the number of samples to be analyzed.

5. PROCEDURE

5.1 Stondard Humic Matter Calibration. Dry the humic acid standard {see 4.5) a1 105 C for
approximately 4 hours. Loss on igmition at 550 C shows this humic matter standard
gontaing §7% organic maiter. For calibration weigh 0.115 g of standard humic acid (0.1
+0.87 = 0.115) an! place into 55-ml polystyrene vials (see 3.3, Add 20 ml of exiractant
{see 4.6) with sufficient force to mix sample. Allow sample to sit for 1 hour, then add
an additional 20 ml of exiraciant (see 4.6) with sullicient force to mix well The two
20-m} portions of extraclant are added separately to enhance dissolution of the humic
matter, Eet sample sit gvernight {16-18 hours minimum), then pipetie 5 ml of the
supemalant and 35 ml of water into 55-ml polystryene vials {see 3.3). Caution should
be taken not to pipette colloidal procipitation from bottom of vials.

The final dilution of the sample is 2 1:8 ratio (5 ml sample + 35 ml water) which is re-
quirced at this extraction dilution to get within the instrument reading range. Se1 instru-
ment at 100% T with 5 ml of extractant and 35 ml waler. Read standard at 50 nm.
Using a Bonkman probe colonmeter with a 2-cm light path, the standard humic acid
standard should read 10% T. This equates to 17 g/100 ¢m® humic matter equivalent.
A standard curve can be developed by sequential |1 dilutions of the 10% humic acid
standard. To develop the factor lor converting the mstrument reading to g HM/ 100 cm®,
. convert % T to absorbance, then divide g HM/ 100 cm? by absorbance.  Assummng line-
[ arity of the statidard, the ratic of g HM/abzorbance should be a constam,

If a larger volume of humic acid standard is required for calibration, multiple quantities
of standard humic acid and extractant can be used.

5.2 Soil Sample Fxtraction and Analysis, Measure | cm? s0il (screened-2mm) inte 55 ml
polystyrene vials {see 1.3) and add 20 m! of alkali exiractant (see 4.8) with sufficient force
to mix well. Adter 1 hour, add another 20 ml ol extractant with muxing force and allow
sampkes to sit overnight. In addition to allowing adequate reaction time for humic maiter
10 react with exiractant, seting allows soil particles to settle out Jeaving a clear
supernatant. Transfer 5 mi of undisturbed supernatant and 35 ml water into $5-ml
polystyrene vials, Set instrument to read 160% T with blank {5 ml extractant + 35 ml
water), Read samples at 650 nm and record % 1. A check sample whose humic matter
conient has been previously determined should be analyzed routinely with unknown
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sampies. Samples which exceed 10% HM can be diluted with water and the appropriate
dilution factor etnployed.

Calculations

The humic matter {(HM) content of a soil can be determined from a standard curve or
by converting %71 1o Abs and multiplying by the factor developed in the calibration
procedure (see Section 5.13. For this method the factor is 10; therefore Abs x 10 = gm
HM equiv/100 cm® of soil. If the pereent FIM on a weight basis is desired, divide HM
{(g/100 em”) by the W/Y (weight/volumne in gfcm?) of each soil. For specific values in
development of this procedure, see 5.4

Calibration Procedure. The values shown below were developed for determination of
HM up te 10%, using an extraction ratio of 1:40 ([ cm? soil + 40 ml extractant (see 5.13,
with 0.115 g of humic acid standard {87% organic matter}.

HM Equiv!

g/100 cm? Abs  HM equiv/Abs  Factor®
10.000 ;
5.000 - -
2,500 - - -
1.2502 1.000 {.2% 10
0.625 0.509 .23 -
0.313 0208 1.2 -
L.156 0.1M 1.19 -
0.078 0.061 1.28 .
0.03% 0.027 1.3} -

Avg 12528 = 10

1. Standard HA sample diluted sequentially (i:1)
with H,() for development of standard curve.

2. Standard HA sample diluted 18 {5 ctn® sample
extract + 35 ml F1;0), read at 650 nm =
10% T or 1.0% Abs. Unknown samples di-
luted 1n same manner.

3. Factor determined by taking average of
HM/Abs multiplied by & (d.1).
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TESTING METHOD FOR WASTE-AMENDED SOILS
G. V. Jehinson and 5. J. Donoluets

1. RATIONALE

1.1

Soils are often used as a dispesal medium for wasle materials, such as municipal sewage
efflvent or sludge, and indusirial wastes. State and federal regulations often provide
guidance on the quantity and manner for disposal of these substances based o criteria
developed for, or extrapolated from, water quality concerns. For lack of standard pro-
cedures, hazardous metals in soil may be examined (as part of a menitoring progran)
by procedures ranging from water £xtraction and analysis to total analysis after HF dis-
solution. Because many of these elements have soil-chemical properties similar 10 plant
nutrient elements, soil scientists {especially those involved in soil testing procedures) are
in & position 10 provide insight and expettise in how soils should be tested for these ele-
ments.

2. CONSIDERATIONS

21

The most dominant chemical specics of these elements in soil solutions are likely to be
Cd** Cr02-, Nit*, Pb?* H;As0," and HAsO.* - The chemisiry of Cd is similar 1o
that of Zn and Ca, Ni¢* js similar to Cu®*, and HAQ,? " is ke HPOL?~ Procedures
used for extracting Zn and Cu should be appropriate first ;&pmaches for Cd and Ni.
Likewise, procedures which are sucecssful for extracting available phosphate would be
good candidates for extraction of “plant available” arsenic. Similarities between {familiar
plant nutnent elements and either Pb or Cr are less obvigus. However, Pb may be ex-
pecled 10 Teact in a manper siunilar to Ni and Cu.

Given the gaining popularity of the Mehlich 3 extraction procedure for "available” soil
phosphorus, this procedure should have support for extracting some level of As mean-
mgfully related to plant uptake. Since the cationic metals {especialty those in the transi-
tion series) are easily chelated and often exist in this form in soil, the DTPA extraction
procedure commonly used for Fe, Mn, Cu and Zn should provide a reasonable ex-
traction of Cd, Cr, Pb and Ni levels that could be associated with uplake by plants.
Maximum soil extraction levels should be in the order of N1 = 100 ppm. Cd = 1 ppm,
Pb = 20 ppm and Cr = 100 ppm. Log formation constants (M + L ---> ML) with
DTPA ate Ni = 21.3, Cd = 20.1, and Zn = 19.7; such constants indicate successful
chelation and extraction. The 0.005M DTPA is conicentrated encugh to complex twice
the expected maximums of these or other metal elements.

3 INTERPRETATION

il

Limited work has been done on evalvation of seil test methods for sludge-amended soils.
Rappaport et al. (5.1, 5.2) reported that the DTPA method correlated well with metals
applied in sludge but found gererally poor correlalions with plant uptake. More research
is needed in this area, particularly with sensitive crops,

4. RECOMMENDATIONS

4.1
4.2
4.3
4.4

Use Mehlich 3 extraction for As (see Chapler 3).
Lise DTPA extraction for €d, Cr, Ni, Pb, Zn, Cu [see Chapter ).
Use BCAP or other reliable analytical procedure for measuring amounts extracted.

Use control {non-atnended) soil as measure of normal” metal concentration.

¥ Professors, Oklahoma State Universily, Stillwater, Dklahoma, and Virginia Polytechnic Instituts and State
University, Blacksburg, Yirginia, respeclively. .
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4.5 Share experiences and develop data base to establish crifical values.

4.6 Measure soil pH.
5. REFERENCES
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