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This document provides analytical procedures on the following: 
 
Soil Sample Preparation 
Internal Check System 
Soil pH and Sikora Lime Requirement 
Available Phosphorus 

Available Potassium 
Organic Matter 
Weight Loss-on-Ignition (LOI 360o)  
B, Mn, Ca/Mg, SO4-S, and NO3-N 

 
Additional procedures for soil testing, plant, feed, and forage analysis are available at 
http://uwlab.soils.wisc.edu/madison/. 
 
 
DATE: May 2005 
 
Soil Sample Preparation 
 
1. Application 
Soil samples are dried, ground and sieved prior to analysis. The grinding and sieving operations 
should ensure a homogeneous mixture for analysis. 
 
2. Summary of Methods 
Soil samples are dried at 50°C in cardboard boxes. The dried soil is ground in a mechanical 
mortar and pestle and passed through a 12-mesh (approximately 2 mm) screen. Routine testing 
for pH, lime requirement, phosphorous, potassium and organic matter is designed to handle the 
analyses in series of groups of ten. The soil samples, at the time they are received, are recorded 
and placed in trays holding five rows of ten boxes each (boxes are 2.5” x 3” x 3” deep), making a 
total of 50 samples. Each tray is lettered or numbered and sample identification follows each set 
of numbered racks through the entire analysis. Boxes in sample trays, shaker flasks, funnel-top 
filter tubes, colorimeter tubes and racks for pH and pipette batteries are all spaced at 2.5” center 
to-center. Soil for analysis is measured by volume rather than by weight. 
 
3. Safety 
A dust collection system should be connected to the soil grinder. Dust masks and ear protection 
plugs should be used. Basic precautions regarding mechanical equipment and electric motors, 
and involving common sense, must be followed. 
 
4. Interferences 
Drying about 50°C can result in release of nonexchangeable K from illitic minerals and 
entrapment (fixation) of K by vermiculite. If micronutrient analyses are to be performed, all 
surfaces contacting the material should be made of stainless steel, plastic or wood. Rubber, paint 
and galvanized metal must be avoided if Zn is to be analyzed. Air or oven-drying samples  
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can lead to significant changes in the ammonium or nitrate contents of soils. However, the 
changes in ammonium content of soils have been more pronounced than the changes in nitrate 
content. Drying and storage of soil samples after drying leads to a marked increase in their 
content of exchangeable ammonium. 
 
5. Sample Preparation and Handling 
Soil samples usually are received in a moist, aggregated state, unsuitable for analysis. The 
volume of the soil sample containers are 22 cubic inches (about 375 cc). Many samples are 
larger than this as received. Such samples must be subsampled to ensure as representative a 
sample as possible of appropriate volume. 
 
Dried and ground soil is measured using a calibrated scoop. The scoop volume is based on the 
weight of a light-colored silt loam soil such that an acre of the soil to a depth of 7 inches weighs 
2 million pounds. A heaping scoop of the required volume of soil is removed from the soil box, 
the scoop is tapped three times lightly on the handle with the spatula and the soil is leveled off 
with the spatula. The soil is then transferred to the appropriate container using a stainless steel or 
polypropylene funnel. 
 
6. Apparatus and Materials 
6.1  Soil sample trays accommodating five rows of ten sample boxes 
6.2  Soil sample boxes, cardboard, 2.5” x 3” x 3” 
6.3  Mechanical soil grinder with a 10- or 12-mesh stainless steel screen 
6.4  Dust collection system (attached to soil grinder) 
6.5  Forced air drying cabinet, thermostatically controlled at 50°C 
 
7. Reagents 
Not applicable. 
 
8. Methods 
8.1  Place soil samples in cardboard boxes, with location of sample in tray recorded on a lab 

data sheet. 
8.2  Place tray of samples in drying cabinet. 
8.3  Dry 24 to 48 hours at 50°C. (Wet clays might require a longer drying period.) 
8.4  Grind entire sample to pass a 10-mesh screen. 
 
9. Calculations 
Not applicable. 
 
10. Quality Control 
10.1 The first sample in each tray should be a standard soil of known analyses. This sample is 
used to check each procedure. If the analysis is outside the known range, corrective action must 
be taken. 
 
11. Reporting 
Not applicable. 
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12. References 
12.1  Evans, D.D., J.L. White, et. al. 1965. Methods of Soil Analysis, Part 2 (Chemical and 

Microbiological Properties), p1182. 
12.2  Gelderman, R.H., and A.P. Mollarino. 1998. Soil sample preparation. In J.R. Brown 

(ed.), Recommended Chemical Soil Test Procedures for the North Central Region 
(Revised). Missouri Agr. Exp. Sta. SB1001. Columbia, MO. 

12.3  Corey, R.B., and C.B. Tanner. 1961. Soil Sci. Soc. Am. Proc. 25:326-327. 
 
 
 
DATE: DEC 2006 
 
Internal Check System 
 
To insure reliability of laboratory results, an internal check system is essential. This is in addition 
to any external sample exchange between laboratories. 
 
The first sample in every tray should be a standard sample of known composition. This standard 
should be prepared by drying, grinding, and homogenizing a 25 to 50 lb sample. Homogenize the 
ground sample thoroughly and store the bulk sample in a heavy plastic bag inside a 5- gal closed 
container away from lab fumes.  
 
After this standard soil has been analyzed 50 times, calculate the mean and standard deviation for 
each analysis. On graph paper, prepare a chart with the mean and ± one standard deviation on the 
vertical axis and date of analysis on the horizontal axis. The graph over time should be a 
sequence of points forming a near-horizontal line within the one standard deviation, above and 
below the mean from the 50 analyses. Post this chart (a separate chart for each element) next to 
the instrument used to measure that element. The analyst records the value of the standard 
sample on the chart at the start of the tray and can see at a glance if the analysis is within 
tolerable limits. If not, the problem should be resolved before proceeding. 
 
The mean and standard deviation of the standard sample should be recalculated after every 50 
trays to determine whether the instruments are drifting or the sample itself is changing. 
Scrupulous adherence to this internal check program will help insure reliable data. 
 
For matching colorimeter tubes dilute 1 mL of 3 N Na2Cr2O7 in 10 N H2SO4 to 1 L and mix 
thoroughly. Place this solution into the colorimeter tubes to be matched and read. 
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DATE: DEC 2006 
 
Soil pH and Sikora Lime Requirement 
 
1. Application 
This method covers the determination of soil pH in water using a 1:1 soil:solution ratio and in a 
buffer solution with a 1:1 :1 soil:water:buffer ratio. The lime requirement is calculated from the 
two pH readings. 
 
2. Summary of Methods 
Soil pH is measured in water using a pH meter with a combination reference glass electrode. For 
those soils with a pH below 6.6 a Sikora buffer solution with a pH of 7.70 ± 0.01 is added and 
the Sikora-pH is measured. Depression of buffer pH by the soil gives an indication of the soil’s 
pH buffering capacity. 
 
3. Safety 
Each chemical compound should be treated as a potential health hazard. The laboratory is 
responsible for maintaining a current awareness file of OSHA regulations regarding the safe 
handling of the chemicals specified in this method. A reference file of material handling data 
sheets should be made available to all personnel involved in the chemical analysis. 
 
4. Interferences 
High salt concentrations depress soil pH by displacement of exchangeable H+ and Al3+ 
into solution. (In states where soil salinity is a problem, pH is often measured in 0.01 M CaCl2.) 
 
5. Apparatus and Materials 
5.1  Soil scoop calibrated to hold 10 g of light-colored silt loam soil 
5.2  Plastic vials with caps, 13-dram (45 ml) 
5.3  Time-controlled oscillating shaker (Eberbach) set at 180 oscillations per minute 
5.4  Constant suction pipette apparatus 
5.5  Pipettes (10 ml) 
5.6  Brinkman bottle-top dispenser capable of dispensing 10 ml 
5.7  pH meter (Fisher Scientific Accumet Model No. AR25) with combination reference-glass 

electrode (Orion, Ross® Sure-FlowTM combination, epoxy body Model No. 8165) 
 
6. Reagents 
6.1  Sikora buffer solution: for every liter of solution, dissolve 149 g of potassium chloride 

(KCl, mw: 74.55) in approximately 750 mls of deionized water. Add 5.11 mls of glacial 
acetic acid (CH3COOH, mw: 60.05). Stir thoroughly. Add 6.70 g MES (2-(N-
morpholino) ethanesulfonic acid monohydrate) (C6H13NO4S·H2O, mw: 213.25). Stir until 
dissolved. Add 0.936 g of imidazole (C3H4N2, mw: 68.08) and stir until dissolved. Add 
9.23 mls triethanolamine [(HOCH2CH2)3N, mw: 149.19]. Stir thoroughly. Add 5 mls 
sodium hydroxide (40% NaOH) [w/w]). Stir thoroughly. Adjust the volume to 1 liter by 
adding deionized water. Allowing time for the solution pH to stabilize, add  
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drops of 40% NaOH (w/w) or 50% HCl (v/v) to achieve a pH of 7.70± 0.01. Place 50 mls 
of the buffer in a beaker and measure pH. The pH should be 7.70± 0.01. Add 50 mls of 
deionized water to the buffer, stir, and measure pH. The pH should be 7.53 ± 0.03. Add 5 
mls of the 0.5 M HCl to the 1:1 dilution buffer, stir, and measure pH. The pH should be 
5.68 ± 0.06. 

 
7. Methods 
7.1  Place a 10 g scoop of soil into a 13-dram vial. 
7.2  Add 10 mls of deionized water by means of constant suction pipette. 
7.3  Let stand at least10 minutes. 
7.4  Read the pH with the pH meter. Stir each sample and allow electrode to sit until pH meter 

equilibrates This is the water pH of the soil. 
7.5  If the water pH of the soil is 6.6 or greater, it will not be necessary to proceed further 

with the Sikora buffer test. Samples with a pH below 6.6 will need further testing with 
the Sikora buffer. 

7.6  Sikora buffer test: Add 10 mls of Sikora buffer solution to the sample with the Brinkman 
bottle-top dispenser set at 10 mls. 

7.7  Cap the sample vial and place in a horizontal position on an oscillating shaker. It is 
important that the vial be placed in a horizontal position for thorough sample mixing. 

7.8  Shake the sample for 10 minutes. 
7.9  Read the pH with the glass electrode pH meter making sure all of the soil is in the buffer 

solution. This is the Sikora-pH. It is not necessary to stir the sample just before reading 
the pH, provided they are read within an hour after the final shaking. 

 
8. Calculations 
The lime requirement calculations use water pH of the soil, Sikora-pH, and the target pH, which 
is based on the most acid sensitive crop to be grown. It is calculated by computer in the soil test 
recommendation program. The lime requirement equations can be found in table 5.1 of UW-
Extension publication A2809, “Nutrient Application Guidelines for Field, Vegetable, and Fruit 
Crops in Wisconsin.” 
 
9. Quality Control 
9.1  Standardization of pH meter. The pH meter must be standardized with buffer solutions of 

known pH. For soil testing, buffers at 4.0 and 7.0 are usually used because these buffers 
are readily available and this pH range covers most soils that are likely to require liming. 
Standard buffers can be obtained from most chemical supply companies. 

9.2  In addition to standardizing the pH meter at pH 4.0 and 7.0 with buffers, it is essential to 
check a standard soil of known pH. 

 
10. Reporting 
Report soil water pH and Sikora buffer pH to ± 0.1-pH unit. 
 
11. References 
11.1  Laboski, C.A.M., Peters, J.B. and Bundy, L.G. 2006. Nutrient Application Guidelines for 

field, vegetable, and fruit crops in Wisconsin. UW-Extension Publication A2809. UW-
Madison Cooperation Extension Publications, Madison, Wisconsin. 
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11.2  Sikora, F.J. 2006. A buffer that mimics the SMP buffer for determining lime requirement 
of soil. In Soil Sci. Soc. Am. J. 70:474-486. SSSA, Madison, Wisconsin. 

11.3 Watson, M.E., and Brown, J.R. 1998. pH and lime requirement. pp 13-16. In J.R. Brown 
(ed.), Recommended Chemical Soil Test Procedures for North Central Region, NCR 
Publ. No. 221 (revised). Missouri Agr. 0045p. Sta. SB 1001. Columbia, MO. 

 
 
DATE: SEPT 2004 
 
Available Phosphorus 
 
1. Application 
This procedure covers the extraction and analysis of plant available phosphorus (P) from soil. 
 
2. Summary of Methods 
Plant available phosphorus (P) is extracted from the soil with 0.03 N NH4F in 0.025 N HCl (Bray 
P1 extract). This extractant primarily measures P adsorbed by Al compounds. The Al is 
complexed by F- ions, liberating P. Lesser amounts of Fe-, MN-, and Ca-P may be extracted, 
along with water-soluble P. Extracted P is reacted with ammonium molybdate to form a blue 
phosphomolybdate compound in the presence of a reducing agent.  
 
The concentration of P is determined colorimetrically or by UV – Vis spectrophotometer.  
 
Potassium is extracted simultaneously with P and analyzed separately. 
 
3. Safety 
Each chemical compound should be treated as a potential health hazard. The laboratory is 
responsible for maintaining a current awareness file of OSHA regulations regarding the safe 
handling of the chemicals specified in this method. A reference file of material handling data 
sheets should be made available to all personnel involved in the chemical analysis. 
 
4. Interferences 
Color development is complete in 15 minutes but will continue at a slower rate. For this reason, 
samples should be read within two hours. Arsenic forms a blue molybdate complex but is usually 
present in very low amounts unless an arsenical pesticide has been applied in the past. 
 
Very high soil pH interferes with phosphorus by this extraction method. 
 
The Bray test for P is less reliable in alkaline soil containing free CaCO3. The carbonate reacts 
with HC l in the Bray extract, forming CaCl2, and the Ca++ ions react with F-, precipitating CaF2. 
Where alkaline soils predominate, NaHCO3 is the preferred extractant. 
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5. Apparatus and Materials 
5.1  Soil scoop calibrated to hold 1.5 g of light-colored silt loam soil. 
5.2  Erlenmeyer flasks (50-ml) 
5.3  Pipette banks (3-ml) 
5.4  Time-controlled oscillating shaker (Eberbach) set at 160 excursions per minute. 
5.5  Filter paper (9-cm Whatman no. 2 or equivalent) 
5.6  Funnel tubes (15-ml) 
5.7  Matched colorimetric tubes (10-ml) 
5.8  UV-Vis spectrophotometer 
5.9  Brewer Automatic Pipetting Machine (SEPCO Model #40A) 
 
6. Reagents 
6.1  Stock P-A solution (1.25 N HCl, 1.5 N NH4F): Add 54 ml of 48% HF to 700 ml of 

deionized water. Neutralize to pH 7.0 with NH4OH. Add 108 ml of concentrated HCl 
(11.6 N) and dilute to 1 liter. 

6.2  Dilute P-A solution (0.025 N HCl, 0.03 N NH4F): Dilute 20 ml of stock P-A solution to 1 
liter with deionized water. 

6.3  P-B solution (0.87 N HCl, 0.38% ammonium molybdate, 0.5%H3BO3): Dissolve 3.8 g 
ammonium molybdate, (NH4) 6Mo7O24⋅4H2O, in 300 ml of deionized water at about 
60° C. Cool. Dissolve 5.0 g boric acid, H3BO3, in 500 ml of deionized water, and add 75 
ml concentrated HCl (11.6 N). Then, add the molybdate solution and dilute to 1 liter with 
deionized water. 

6.4  P-C powder: Thoroughly mix and grind to a fine powder 2.5 g of 1-amino-2- napthol-4 
sulfonic acid, 5.0 g sodium sulfite (Na2SO3), and 146 g of sodium metabisulfite 
(Na2S2O5). 

6.5  P-C solution: Dissolve 8 g of dry P-C powder in 50 ml of warm deionized water. Let 
stand overnight, if possible. A fresh reagent should be prepared every three weeks. (Upon 
standing, some material may crystallize out, but this is still satisfactory.) 

6.6  Standard P solution (1000 ppm P, 500 ppm P) 
6.7  Working standards (0, 1.0, 2.5, 5, 10, 20, 40 ppm P, prepares with same matrix as the 

samples.) 
 
7. Methods 
7.1  Place a 1.5 g scoop of soil into a 50-ml Erlenmeyer flask. 
7.2  Add 15 ml of P-A solution with Automatic Brewer Pipette. 
7.3  Shake the suspension on oscillating shaker for 5 minutes. 
7.4  Filter through filter paper into a 15- ml funnel tube. 
7.5  Pipette a 3.0-ml aliquot of filtrate with constant suction pipette apparatus and transfer to a 

10- ml colorimeter tube. 
7.6  Add 3.0 ml of P-B solution with the same pipette apparatus and mix well. 
7.7  Add 3 drops of P-C solution, and mix immediately. 
7.8  Read color after 15 min., but before two hr., with a UV-Vis spectrophotometer. 
7.9  UV – Vis spectrophotometer should be set at 645 nm. 
7.10  Calibrate the instrument to read directly in ppm P in soil using working standards. These 

standard preparations are treated in the same manner as the soil extracts. (color 
development is complete in 15 minutes. and standards should be read within two hours.). 
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8. Calculations 
In lieu of direct calibration of the colorimeter scale, calculate extractable P, ppm P in soil = ppm 
P in solution x 15 ml/1.5 g = ppm P in solution x 10. 
 
9. Quality Control 
9.1  Laboratory Reagent Blank (LRB) – At least one LRB is analyzed with each batch of 

samples to assess contamination from the laboratory environment. Contamination from 
the laboratory or reagents is suspected if LRB values exceed the detection limit of the 
method. Corrective action must be taken before proceeding. 

9.2  Standard soil – One or more standard soils of known extractable P content is analyzed 
with each batch of samples to check instrument calibration and procedural accuracy. 

 
10. Reporting 
Results are reported as ppm P in soil. (Strictly speaking, the results should be reported as Mg P 
per dm3 of soil because a known volume, rather than a weight is used. This is not a familiar unit, 
however. Use of a volume of soil is reasonable because it represents a volume- fraction of an 
acre plow layer.) 
 
11. References 
11.1  Bray, R.H., and L.T. Kurtz. 1945. Determination of total, organic, and available forms of 

phosphorus in soil. Soil Sci. 59: 39-45 
11.2  Munter, R.C. 1988. Laboratory factors affecting the extractability of nutrients. Pp. 8-10. 

In W.C Dahnke (ed.), Recommended Chemical Soil Test procedures for the North 
Central Region. NCR Publ. 221 (revised). ND Agr. Exp. Sta., Fargo, ND. 

11.3  Frank, K., D, Beegle, and J. Denning. 1998. Phosphorus, pp. 21-26. In J.R. Brown (ed.) 
Recommended Chemical Soil Test Procedures for the North Central Region. NCR Publ. 
No. 221 (revised). Missouri Agr. Sta. SB 1001. Columbia, MO. 

 
 

Available Phosphorus 3 
Page 8 



DATE: SEPT 2004 
 
Available Potassium 
 
1. Application 
This procedure covers the extraction and analysis of plant available potassium (K) in soil. 
 
2. Summary of Methods 
Plant available K is extracted with the Bray P1 reagent, 0.03 N NH4F, 0.025 N HCl. It is not the 
same procedure, but it is the same extracting solution. The NH4 + and H+ ions displace 
exchangeable K from cation exchange sites in the soil. Water soluble K is also extracted. This 
procedure extracts approximately 90 % as much K as the 1 N NH4Oac procedure.  
 
Extracted K is analyzed via Atomic Absorption. Phosphorus is extracted simultaneously with K 
and analyzed separately. 
 
3. Safety 
Each chemical compound should be treated as a potential health hazard. The laboratory is 
responsible for maintaining a current awareness file of OSHA regulations regarding the safe 
handling of the chemicals specified in this method. A reference file of material handling data 
sheets should be made available to all personnel involved in the chemical analysis. 
 
4. Interferences 
Potassium is partially ionized in the air acetylene flame of AA. To suppress ionization, cesium 
nitrate or chloride solution is added to give a final concentration of 1000 ppm in all solutions 
including the standards and blank. The purest available cesium compound must be used to avoid 
potassium contamination. 
 
5. Apparatus and Materials 
5.1  Soil scoop calibrated to hold 1.5 g of light-colored silt loam soil. 
5.2  Erlenmeyer flasks (50 ml). 
5.3  Constant suction pipette apparatus (15 ml). 
5.4 Time-controlled oscillating shaker (Eberbach) set at 160 excursions per minute. 
5.5  Filter paper (9 cm Whatman No. 2 or equivalent). 
5.6  Funnel tubes (15 ml) 
5.7  Disposable plastic test tubes (13x100). 
5.8  Atomic absorption spectrophotometer (AA), (Varian SpectrAA 220 FS with SIPS pump 

unit and auto sampler SPS-5). 
 
6. Reagents. 
6.1  Stock P-A solution (1.25 N HCl, 1.5 N NH4F): Add 54 ml of 48% HF to 700 ml of 

deionized water. Neutralize to pH 7.0 with NH4OH (This makes 2 N HF). Add 108 ml of 
concentrated HCl (11.6 N) and dilute to 1 liter. 

6.2  Dilute P-A solution (0.025 N HCl, 0.03 N NH4F): Dilute 20 ml of stock P-A solution to 1 
liter with deionized water. 

6.3  Standard K stock solution: 10,000 ppm K 
 

Available Potassium 1 
Page 9 



 
6.4  15 ppm K bulk standard solution (1.5 ml 10,000 ppm K stock solution diluted to 1 L with 

dilute P-A solution.) 
6.5  10,000 ppm cesium chloride solution (12.67g cesium chloride [ultra configuration grade] 
in 1 liter of 1% HNO3). 
 
7. Methods 
7.1  Place a 1.5-g scoop of soil into a 50-ml Erlenmeyer flask. 
7.2  Add 15 ml of dilute P-A solution with the constant suction pipetting apparatus. 
7.3  Shake the suspension on an oscillating shaker for 5 min. 
7.4  Filter through filter paper into a 15-ml funnel tube. 
7.5  Determine K in the clear filtrate using AA spectrophotometry, using a bulk std. 

containing 15ppm K, which is diluted by the AA to make as many standards as the user 
specifies. 

 
Note: To suppress ionization of K, cesium chloride solution is added to all samples, blanks and standards to 
give a final concentration of 1000 ppm using the SIPS pump unit. 
 
8. Calculations 
Any necessary weight to volume dilutions are performed by computer during analysis, (in this 
case ppm in soil x 10). 
 
9. Quality Control 
9.1  Laboratory Reagent Blank (LRB) - At least one LRB is analyzed with each batch of 

samples to assess contamination from the laboratory environment. Contamination from 
the laboratory or reagents is suspected if LRB values exceed the detection limit of the 
method. Corrective action must be taken before proceeding. 

9.2  Standard soil - One or more standard soils of known extractable K content is analyzed 
with each batch of samples to check instrument calibration and procedural accuracy. 

 
10. Reporting 
Results are reported as available ppm K in soil. 
 
11. References 
11.1  Bray, R.H., and L.T. Kurtz. 1945. Determination of total, organic, and available forms of 

phosphorus in soil. Soil Sci. 59:39-45. 
11.2  Munter, R.C. 1988. Laboratory factors affecting the extractability of nutrients. pp. 8-10. 

In W.C. Dahnke (ed.), Recommended Chemical Soil Test Procedures for the North 
Central Region. NCR Publ. 221 (revised). ND Agr. Exp. Sta., Fargo, ND. 

 
 
 

 
Available Potassium 2 

Page 10 



 
DATE: SEPT 2004 
 

Organic Matter 
Weight Loss-on-Ignition (LOI 360o) 
 
1. Application 
This procedure is used for the routine estimation of soil organic matter by the loss of weight in a 
sample heated at a temperature high enough to burn organic matter but not so high as to 
decompose carbonates. 
 
2. Summary of Methods 
A sample of soil is dried at 105° C to remove moisture. The sample is weighed, heated at 360° C 
for 2 hours and weighed again after the temperature drops below 150° C. 
 
3. Safety 
Care should be exercised in handling hot samples. Be sure to cool the oven to 150° C before 
removing the samples from the oven. Use a good pair of tongs and grasp the sample firmly. 
 
4. Interferences 
Any material that losses moisture below 360° C is a potential source of error. Therefore, soil 
moisture must be removed before the base weight of the sample is taken. Also, ignited samples 
must not be allowed to re-absorb moisture from the air before they are weighed. 
 
Gypsum loses water of hydration gradually. Soils containing gypsum should be heated initially at 
150° C instead of 105° C. Some hydrated clays may also lose water below 360° C. 
 
It is important that the results of this method be calibrated against organic carbon, preferably 
using a carbon analyzer, on soils from the area for which the test will be used. 
 
5. Apparatus and Materials 
5.1  Oven, or muffle furnace capable of being heated to 400° C and controlled to within 

± 10° C. 
5.2  Beakers, 20 ml 
5.3  Crucible rack, stainless steel 
5.4  Balance accurate to ± 0.001 g in a draft free, low humidity environment 
5.5  Soil scoop calibrated to hold 5 g of light-colored silt loam soil 
5.6  Drying oven, 105° C 
 
6. Reagents 
An advantage of this method is that no reagents are required. 
 
7. Methods 
7.1  Place a 5 g scoop of soil into a tared 20-ml beaker 
7.2  Dry for 2 hours or longer at 105° C 
7.3  Record weight to ± 0.001 g 
7.4  Bring oven to 360° C. Samples must then remain at 360° C for two hours. 
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7.5  Cool to < 150° C 
7.6  Weigh to ± 0.001 g, in a draft-free environment 
 
8. Calculations 
8.1  Calculate percent weight loss-on- ignition (LOI) LOI= (wt. at 105°C) – (wt. at 360° C) x 

100 Wt. at 105° C 
8.2  Estimate % organic matter. Organic matter is estimated from LOI using regression 

analysis. Select soils covering the range in organic matter expected in the area serviced 
by the lab. Determine % organic matter using a carbon analyzer or by the Walkley-Black 
procedure for organic carbon. Regress OM on LOI. 

 
9. Quality Control 
9.1  At least one standard soil of known LOI value should be run with each batch of samples. 

If the result is not within the known standard deviation, corrective action is required. 
9.2  All beakers should be re-tared monthly. Two beakers from each batch of 50 should be re-

tared weekly. If the results are not within ± 0.002 g of the previous tared weight; re-tare 
all beakers in the batch. 

 
10. Reporting 
Data are reported as % LOI or as estimated % O.M. 
 
11. References 
11.1  Combs, S.M., and Nathan, M.V. 1998. Soil organic matter. Pp. 57-58. In J.R. Brown 

(Ed.), Recommended Chemical Soil Test Procedure for the North Central Region. NCR 
Publ. N0. 221 (revised). Missouri Agr. Exp. Sta. SB 1001. Columbia, MO. 

11.2  Schulte, E.E., and Hopkins, B.G. 1996. Estimation of soil organic matter by weight loss-
on- ignition. Pp.21-31. In F.R. Magdoff, M.A. Tabatabai, and E.A. Hanlon, Jr. (eds.), Soil 
Organic Matter: Analysis and Interpretation. Soil Sci. Soc. Am., Madison, WI. 
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DATE: SEPT 2004 
 
Available Boron 
 
1. Application 
This method covers extraction and analysis of available boron (B) in soil, using hot, distilled 
water as the extractant and colorimetric analysis of the extracted B. 
 
2. Summary of Methods 
Boron is extracted with near-boiling deionized water on a heating block. Boron in the extract is 
reacted with curcumin to form an orange-colored complex. The concentration of B is determined 
colorimetrically, or by UV-Vis spectrophotometry. 
 
3. Safety 
Each chemical compound should be treated as a potential health hazard. The laboratory is 
responsible for maintaining a current awareness file of OSHA regulations regarding the safe 
handling of the chemicals specified in this method. A reference file of material handling data 
sheets should be made available to all personnel involved in the chemical analysis. Normal 
precautions and common sense with heating blocks must be followed. 
 
4. Interferences 
Soluble organic matter, moisture, and sediment give positive interferences. Activated charcoal 
can be used to remove color from extracts of organic soils. Moisture is removed by heating an 
aliquot of the extract, and turbidity is avoided by flocculating colloids with CaCl2 and by careful 
filtration. Samples should be filtered while still hot to prevent readsorption of boron. 
 
5. Apparatus and Materials 
5.1  Soil scoop calibrated to hold 10 g of light-colored silt loam soil 
5.2  Folin digest tubes, 50-ml 
5.3  Heating block capable of reaching 150° C 
5.4  Filter paper, boron free (11 cm Whatman #40 or equivalent) 
5.5  Pipetting device, 0.5-ml, 2- ml, and 10-ml 
5.6  Beaker, 50-ml, polypropylene 
5.7  Water bath or oven, 55° ± 3° C 
5.8  Colorimeter tubes 
5.9  Vortex stirrer or similar 
5.10  Colorimeter or spectrophotometer 
6. Reagents 
6.1  Curcumin reagent: Dissolve 0.04 g of curcumin and 5 g oxalic acid in 100 ml of 95% 

ethanol. Store in freezer. Prepare fresh reagent weekly. 
6.2  Standard B solution (100 ppm B) 
6.3  Working B standards (0.25, 0.5, 1.0, and 2.0 ppm B) 
 
7. Methods 
7.1  Transfer a 10 g scoop of soil to a 50- ml folin digestion tube. 
7.2  Add 20 ml of deionized water. 
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7.3  Place in a heating block set at 125° C, which has been preheated to approximately 85° C. 
7.4  Bring samples to a boil and continue to boil samples for 3 to 5 minutes, stirring 

frequently. 
7.5  Remove from heat, stir and filter immediately through B- free filter paper. 
7.6  Place a 0.5- ml aliquot of the filtrate into a 50-ml polypropylene beaker. 
7.7  Add 2-ml of curcumin reagent, and mix thoroughly. 
7.8  Evaporate to dryness in a 55° ± 3° C oven. 
7.9  After all visible liquid has disappeared; continue to heat for 15 min. 
7.10  Add 10 ml of 95% ethanol, and stir to dissolve residue. 
7.11  Transfer to a colorimeter tube. 
7.12  Read the color at 540 nm. within 2 hours with a colorimeter or UV-Vis 

spectrophotometer. 
7.13  Calibrate the instrument to read directly in ppm B in soil using the working B standards. 

These standard preparations are treated in the same manner as the soil extracts. 
 
8. Calculations 
(Note: intermediate dilutions are not included because standards and soil extracts are diluted 
alike.) ppm B in soil = ppm B in final solution 
 
9. Quality Control 
9.1  Laboratory Reagent Blank (LRB) – At least one LRB is analyzed with each batch of 

samples to assess contamination from the laboratory environment. Contamination from 
the laboratory or reagents is suspected if LRB values exceed the detection limit of the 
method. Corrective action must be taken before proceeding. 

9.2  Standard soil – One or more standard soils of known extractable B content is analyzed 
with each batch of samples to check fo r instrument calibration and procedural accuracy. 
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DATE: SEPT 2004 
 
Available Soil Manganese 
 
1. Application 
This procedure covers the extraction and analysis of plant available manganese (Mn) from soil. 
 
2. Summary of Methods 
Available manganese is extracted with 0.1 N H3PO4. The extracted Mn is determined by (AA) 
atomic absorption spectrophotometry. 
 
3. Safety 
Each chemical compound should be treated as a potential health hazard. The laboratory is 
responsible for maintaining a current awareness file of OSHA regulations regarding the safe 
handling of the chemicals specified in this method. A reference file of material handling data 
sheets should be made available to all personnel involved in the chemical analysis. 
 
4. Interferences 
Ca, Fe, and Al may interfere unless masked by a manganese buffer. 
 
5. Apparatus and Materials 
5.1  Soil scoop calibrated to hold 5 g of light-colored silt loam soil 
5.2  Phillips beaker, (125 ml) 
5.3  Pipettes (3, 25 ml) 
5.4  Filter paper (9 cm Whatman No. 2 or equivalent) 
5.5  Funnel tubes, (10 ml) 
5.6  Disposable plastic test tubes (13x100) 
5.7  Time-controlled oscillating shaker (Eberbach) set at 160 excursions per minute. 
5.8  Atomic absorption spectrophotometer (Varian Spectra AA 220 FS with SIPS pump unit 
and auto sampler SPS-5) 
 
6. Reagents 
6.1  Extracting solution (0.1 N H3PO4): Dilute 2.28 ml of 85% H3PO4 to 1 liter with 
deionized water. 
6.2  Phosphoric acid: H3PO4, 85 % 
6.3  NH4OAc, 1 N: add 57 ml of glacial acetic acid to approximately 800 ml of deionized 
water in a volumetric flask. Mix thoroughly. Add 67 ml concentrated NH4OH slowly, in small 
increments, swirling flask after each increment. Mix; cool to room temperature. Adjust the pH of 
the solution to 7.0 with dilute NH4OH or HOAc. 
6.4  Manganese buffer (6:41-6:44) 
6.4.1  Add 100 ml of 1 N NH4OAc to a 1 liter volumetric flask, and dilute to approximately 300 
ml with deionized water. 
6.4.2  Add 37.2 g of Na2EDTA, and swirl to dissolve. 
6.4.3  Dissolve 0.88 g of CaCl2·2H2O, 0.24 g FeCl3, and 0.49 g Al2 (SO4) 3·18H20 in 

approximately 100 ml of deionized water and transfer to above solution. 
6.4.4  Add 35 ml of concentrated NH4OH, dilute to 1000 ml with deionized water, and mix 

thoroughly. 
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6.5  1000 ppm Mn stock solution 
6.6  8 ppm Mn Bulk Std. (4 ml 1000 ppm Mn stock solution diluted to 500 ml with 1:1 

mixture of 0.1 N Phosphoric Acid: Mn Buffer solution) 
 
7. Method 
7.1  Place a 5 g scoop of soil into a 125 ml Phillips beaker. 
7.2  Add 25 ml of extracting solution with a pipette. 
7.3  Shake on an oscillating shaker for 15 minutes. 
7.4  Filter into funnel tubes through filter paper. 
7.5  Dilute 3ml of soil extract with 3 ml of manganese buffer and mix. 
7.6  Determine Mn by AA using a bulk Mn standard containing 8ppm Mn, which is then 

diluted by the AA to make as many standards as the user specifies. 
 
8. Calculations 
8.1  PPM Mn in soil = ppm Mn in solution x 5, where ppm Mn in solution is the 

concentration in the initial soil extract or the standard solutions before dilution. 
 
9. Quality Control 
9.1  Laboratory Reagent Blank (LRB) – At least one LRB is analyzed with each batch of 

samples to assess contamination from the laboratory environment. Contamination from 
the laboratory or reagents is suspected if LRB values exceed the detection limit of the 
method. Corrective action must be taken before proceeding. 

9.2  Standard soil – One or more standard soils of known extractable Mn content is analyzed 
with each batch of samples to check instrument calibration and procedural accuracy. 

 
10. Reporting 
Results are reported as ppm available Mn in soil. 
 
11. References 
11.1  Hammes, J.K., and K.C. Berger. 1960. Soil Sci. 90:239-244. 
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DATE: SEPT 2004 
 
Exchangeable Cations (Ca++, Mg++, K+, Na+) 
 
1. Application 
This procedure covers the extraction and analysis of exchangeable cations (Ca++, Mg++, K+, and 
Na+) in soil. 
 
2. Summary of methods 
Exchangeable cations are extracted from the soil using an extracting solution (1 N NH4OAc) at 
pH 7.0. The extracted solution is then analyzed by AA (atomic absorption) for the soil cations. 
 
3. Safety 
Each chemical compound should be treated as a potential health hazard. The laboratory is 
responsible for maintaining a current awareness file of OSHA regulations regarding the safe 
handling of the chemicals specified in this method. A reference file of material handling data 
sheets should be made available to all personnel involved in the chemical analysis. 
 
4. Interferences 
Ca, Mg, K and Na are partially ionized in the nitrous oxide–air acetylene or air acetylene flame 
of AA. To suppress ionization, cesium nitrate or chloride solution is added to give a final 
concentration of 1000 ppm in all solutions including the standards and blank. The purest 
available cesium compound must be used to avoid potassium contamination. 
 
5. Apparatus and Materials 
5.1  Soil scoop calibrated to hold 1.5 g of light-colored silt loam soils. 
5.2  Erlenmeyer flasks (50 ml). 
5.3  Constant suction pipette apparatus (15 ml). 
5.4  Time-controlled oscillating shaker (Eberbach) set at 160 excursions per minute. 
5.5  Filter paper (9 cm Whatman No. 2 or equivalent). 
5.6  Acid washed filter paper (9 cm Whatman No. 2 or equivalent). 
5.7  Funnel tubes (15 ml) 
5.8  Disposable plastic test tubes (13x100). 
5.9  Atomic absorption spectrophotometer (AA), (Varian SpectrAA 220 FS with SIPS pump 

unit and auto sampler SPS-5). 
6. Reagents 
6.1  Extracting solution (1 N NH4OAc; add 57 ml glacial acetic acid to 800 ml of deionized 

water in a volumetric flask. Mix thoroughly and slowly add 67 ml of concentrated 
NH4OH. Mix and cool to room temperature. Adjust the pH of the solution to 7.0 by 
adding acetic acid or NH4OH and dilute to 1 liter). 

6.2  0,000 ppm cesium chloride solution (12.67g cesium chloride [ultra configuration grade] 
in 1 liter of 1% HNO3). 

6.3  10,000 ppm Ca stock solution 
6.4  10,000 ppm Mg stock solution 
6.5  10,000 ppm K stock solution 
6.6  10,000 ppm Na stock solution 
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6.7  40 ppm Ca/Mg bulk solution (2 ml each 10,000 ppm Ca and 10,000 ppm Mg stock 
solution diluted to 500 ml with 1 N NH4OAc) 

6.8  15 ppm Exchangeable K bulk solution (.75 ml 10,000 ppm K stock solution diluted to 
500 ml with 1 N NH4OAc) 

6.9  15 ppm Na bulk solution (.75 ml 10,000 ppm Na stock solution diluted to 500 ml with 1 
N NH4OAc) 

 
7. Methods 
7.1  Place a 1.5 g scoop of soil into a 50-ml Erlenmeyer flask. 
7.2  Add 15 ml of extracting solution (1 N NH4OAc, pH 7.0) by constant suction pipette. 
7.3  Shake the suspension on an oscillating shaker for 15 minutes. 
7.4  Filter through Whatman No. 2 filter paper into 15- ml funnel tubes. Acid washed filter 

papers should be used for Na extrations. 
7.5  Determine Ca, Mg, K and Na in the filtered extract via AA spectrophotometry, using a 

bulk standard containing 40 ppm of Ca / Mg (run simultaneously); 15 ppm of K; or 15 
ppm of Na respectively; which is diluted by the AA to make as many standards as the 
user specifies. 

 
Note: Ca, Mg determinations are made using a nitrous oxide–acetylene flame. To suppress ionization for all of these 
elements, cesium chloride solution is added to all samples, blanks and standards to give a final concentration of 
1000 ppm using the SIPS pump unit. 
 
8. Calculations 
Any necessary weight to volume dilutions are performed by computer during analysis, (in this 
case ppm in soil x 10). 
 
9. Quality Control 
9.1  Laboratory Reagent Blank (LRB) – At least one LRB is analyzed with each batch of 

samples to assess contamination from the laboratory environment. Contamination from 
the laboratory or reagents is suspected if the LRB values exceed the detection limit of the 
method. Corrective action must be taken before proceeding. 
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DATE: SEPT 2004 
 
Available Soil Sulfate-Sulfur 
 
1. Application 
This method covers the extraction of sulfur in the form of sulfate (SO4 =-S) and turbidimetric 
analysis of the extracted SO4 =. 
 
2. Summary of Methods 
Sulfate-S is extracted with Ca (H2PO4) in 2 N HOAc. Sulfate in the extract is precipitated as 
BaSO4 and measured turbidimetrically. 
 
3. Safety 
Each chemical compound should be treated as a potential health hazard. The laboratory is 
responsible for maintaining a current awareness file of OSHA regulations regarding the safe 
handling of the chemicals specified in this method. A reference file of material handling data 
sheets should be made available to all personnel involved in the chemical analysis. 
 
4. Interferences 
In solutions containing small amounts of sulfate, dissolved organic matter acts as a sulfur 
protective colloid and causes low results. At high concentrations of sulfate, organic matter 
coprecipitates with barium sulfate and causes high results. The interference of organic matter can 
be removed by the addition of activated charcoal. 
 
5. Apparatus and Materials 
5.1  Soil scoop calibrated to hold 10 g of light-colored silt loam soil. 
5.2  Charcoal scoop calibrated to hold 0.1 g. 
5.3  Erlenmeyer flask (50 ml). 
5.4  25 ml filter tubes. 
5.5  Nephelometer tubes (25 ml). 
5.6  Constant suction pipette bank (25 ml). 
5.7  Activated charcoal, SO4= free, prepared as follows: - Boil approximately 20 g of charcoal 

in 200 ml of 6 N HCl for 10 min. - Filter under suction - Wash with deionized water until 
free of Cl- - Dry at 105° C. 

5.8  Time-controlled oscillating shaker (Eberbach) set at 160 excursions per minute. 
5.9  Acid washed filter paper (11 cm Whatman No. 2 or equivalent). 
5.10  Filter paper (24 cm Whatman #2 and Whatman #8 or equivalent). 
5.11  Filtering Apparatus: 27 cm buchner funnel, 4000 ml Erlenmeyer flask, vacuum 
pump. 
5.12  Turbidimeter (HF Scientific, DRT 100B, model # 20052). 
5.13  Nephelometer tubes (50 ml) matched. 
 
6. Reagents 
6.1  Extracting solution (500 ppm P in 2 N HOAc): dissolve 2.03 g of Ca(H2PO4)2·H20 in 

about 800 ml of deionized water. Add 115 ml of glacial acetic acid and dilute to liter. 
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6.2  Gum Arabic (BaCl2 –HOAc): dissolve 5 g of gum Arabic in about 500 ml of hot 
deionized water. Cool slightly, then filter with filtering apparatus. Put 24 cm filter papers 
into buchner funnel one at a time #2 on the bottom, and #8 on the top and wet them down 
with deionized water. Add 50 g of BaCl2·2H2O and 450 ml of glacial acetic acid, and 
dilute to 1 liter. 

6.3  Concentrated extracting solution (200 ppm P in 8 N HOAc, for preparation of working 
standards): dissolve 8.12 g of Ca(H2PO4)2·H2O in about 400 ml of deionized water. Add 
460 ml of glacial acetic acid and dilute to 1 liter. 

6.4  Sulfur stock solution (1000 ppm) 
6.5  Working S standards (0, 2, 4, 6, 8, and 10 ppm S). Dilute from sulfur stock solution 

(1000 ppm) as follows:  
0 ppm: Sulfur extracting solution. 
2 ppm: 0.5 ml of 1000 ppm S stock solution diluted to 250 ml with extracting solution. 
4 ppm: 1 ml of 1000 ppm S stock solution diluted to 250 ml with extracting solution. 
6 ppm: 1.5 ml of 1000 ppm S stock solution diluted to 250 ml with extracting solution. 
8 ppm: 2 ml of 1000 ppm S stock solution diluted to 250 ml with extracting solution. 
10 ppm: 2.5 ml of 1000 ppm S stock solution diluted to 250 ml with extracting solution. 

 
7. Methods 
7.1  Transfer a 10 g scoop of soil to a 50- ml Erlenmeyer flask. 
7.2  Add 25 ml of extracting solution by means of constant suction pipette bank. 
7.3  Add a 0.1 g scoop of activated charcoal. 
7.4  Shake the sample for 15 minutes on an oscillating shaker. 
7.5  Filter through S- free filter paper into a clean, dry 50 ml Erlenmeyer flask. 
7.6  Transfer a 10- ml aliquot of filtrate to a 25 ml nephelometer tube. 
7.7  Rinse pipette bank with deionized water before adding gum Arabic solution. 
7.8  Add 10 ml of BaCl2-gum Arabic-HOAc solution. Dip the pipette a few centimeters below 

the surface of the solution in the nephelometer tube, and bubble the mixture for 5 
seconds. 

7.9  Read NTU (National Turbidity Units) on turbidimeter, with the instrument adjusted to 0 
with the zero S standard. 

7.10  Preparation of standard curve: (Prepare a new standard curve each day) -Take a 10 ml 
aliquot of each working standard and treat as with samples (steps 7.6-7.8). - Plot ppm S 
against NTU. Alternatively, regress NTU against ppm S, and use the resulting regression 
equation to calculate ppm S in unknown solutions. 

 
8. Calculations 
The concentration of SO4 =-S in the working standards (0, 2, 4, 6, 8, 10) is equiva lent to 0, 5, 10, 
15, 20, and 25 ppm of SO4 =-S in the soil when put through the following equation: ppm SO4 =-S 
in soil = ppm SO4 =-S in the solution x 2.5 
 
9. Quality Control 
9.1  Laboratory Reagent Blank (LRB) – At least one LRB is analyzed with each batch of 

samples to asses contamination from the laboratory environment. Contamination from the 
laboratory or reagents is suspected if LB values exceed the detection limit of the method. 
Corrective action must be taken before proceeding. 
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9.2  Standard soil – One or more of the standard soils of known extractable SO4=-S content 
are analyzed with each batch of samples to check instrument calibration and procedural 
accuracy. 

9.3  Precautions: Pipette all of the sample extracts (step 7.6) and the working standard 
solutions before rinsing the pipettes in the pipette bank with water. Then pipette the 
BaCl2-gum Arabic-HOAc solution (step 7.7). Otherwise, a film of BaSO4 will coat the 
inside of the pipette and will be difficult to remove, and may contaminate subsequent 
samples. The BaCl2-gum Arabic-HOAc solution should be added to all samples and 
standards at the same rate. That is, the delivery rate of each pipette in the bank should be 
the same. The rate of addition influences the size of the BaSO4 particles that develop. 
Large particles will give a different nephelometer / turbidometer reading than the same 
amount of S in fine particles. 

 
10. Reporting 
Results are reported as ppm SO4 =-S in soil. 
 
11. References 
11.1  Combs, S.M., J.L. Denning, and K.D. Frank. 1998 Sulfate-Sulfur. Pp. 35-40. In J.R. 

Brown (Ed.), Recommended Chemical Soil Test Procedures for the North Central 
Region. NCR Publ. No. 221 (revised). Missouri Agr. Exp. Sta. SB 1001. Columbia, MO. 

11.2  Hoeft, R.G., L.M. Walsh, and D.R. Keeney. 1973. Soil Sci. Soc. Am. Proc. 37:401-404. 
11.3  Hesse, P.R. 1957. The effect of colloidal organic matter on the precipitation of barium 

sulfate and a modified method for determinant soluble sulfate in soils. Analyst 82:710-
712 
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DATE: SEPT 2004 
 
Soil Inorganic Nitrogen 
Nitrate Nitrogen (Colorimetric Method) 
 
1. Application 
In this procedure, nitrogen in the form of the nitrate ion (NO3 —N) is extracted from the soil with 
water and measured colorimetrically after reaction with phenoldisulphonic acid. 
 
2. Summary of Methods. 
Water is used to extract NO3 —N, using 1 part soil to 5 parts water. Colloids are precipitated with 
Ca++, and soluble organics are removed with activated charcoal. After filtration, an aliquot of 
extract is reacted with phenoldisulphonic acid. The NO3 —N forms a blue-colored complex, 
which is analyzed with a colorimeter. 
 
3. Safety 
Each chemical compound should be treated as a potential health hazard. The laboratory is 
responsible for maintaining a current awareness file of OSHA regulations regarding the safe 
handling of the chemicals specified in this method. A reference file of material handling data 
sheets should be made available to all personnel involved in the chemical analysis. In this 
procedure, fuming sulfuric acid is used to prepare the phenoldisulphonic acid. 
 
4. Interferences 
Principles interferences are chloride and soluble organic compounds. Chloride is precipitated 
with Ag2SO4. Colored organic compounds are co-precipitated with Cu(OH)2 by the addition of 
CuSO4, followed by Ca(OH)2. 
 
5. Apparatus and Materials 
5.1  Soil scoop calibrated to contain 10 g of light-colored silt loam. 
5.2  Erlenmeyer flask, 125- ml 
5.3  Graduate cylinder, 50-ml, 100-ml 
5.4  Oscillating shaker 
5.5  Measuring scoop, ½ tsp 
5.6  Beaker, 150-ml 
5.7  Funnel tubes 
5.8  Hotplate 
5.9  Pipette, 10-ml 
5.10  Medicine dropper, 3-ml 
5.11  Burette, 50-ml 
5.12  Colorimeter or spectrophotometer 
5.13  Colorimeter tubes, matched 
 
6. Reagents. 
6.1  CuSO4 solution, saturated: Add 210 g of CuSO4 .5H2O to 100 ml of water. 
6.2  Ag2SO4 solution, saturated: Add 10 g of Ag2SO4 to 100 ml of water. 
6.3  Ca(OH)2: finely ground powder 
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6.4  MgCO3: finely ground powder 
6.5  Activated charcoal: Heat in a muffle furnace at 500 oC for 1 hour to remove NO3 -. 
6.6  Phenoldisulphonic acid: Dissolve 83 g pure phenol in 500 ml of concentrated H2SO4. 

Dissolve until clear. (Check the H2SO4 for NO3 - contamination by dropping several 
crystals of phenol in several ml of the acid. The solution must remain clear.) Add a 1-pint 
bottle of fuming H2SO4. (Use the fume hood!) Place in a boiling water bath for two 
hours. Store in an amber bottle in a dark cabinet. This reagent is extremely corrosive. 

6.7  NH4OH, 1:1: Mix equal volumes of concentrated NH4OH and distilled water. 
6.8  Stock standard nitrate solution, 500 ppm N: Dissolve 3.60 g KNO3, dried at 105 °C, in 

water and dilute to 1 liter with water. 
6.9  Dilute standard nitrate solution, 20 ppm N: Dilute 20 ml of 500 ppm N to 500 ml with 

water. 
 
7. Methods 
7.1  Place a 10-g scoop of soil into a 125- ml Erlenmeyer flask. 
7.2  Add 50 ml of water by means of a graduate cylinder. 
7.3  Add 2 drops of Ag2SO4 and 3 drops of CuSO4. 
7.4  Shake 10 min on an oscillating shaker (or 30 min intermittently by hand). 
7.5  Add ½ tsp of Ca(OH)2; shake thoroughly by hand and let stand 10 minutes. 
7.6  Decant about 30 ml of the suspension into a 150- ml beaker. 
7.7  Add ½ tsp of MgCO3 and swirl. 
7.8  Add ½ tsp of activated charcoal; shake by hand and let stand 2 to 3 minutes. 
7.9  Filter into funnel tubes. 
7.10  Wash the 150- ml beakers employed in steps 7.6 – 7.9. 
7.11  Pipette 10 ml of filtrate into the same 150-ml beaker, and evaporate to dryness on a 

hotplate. The temperature of the hotplate should not be high enough to permit spattering 
as the solution approaches dryness. The sample must be completely dry. 

7.12  Cool; then add 3 ml of phenoldisulphonic acid rapidly to the residue in the beaker. Use a 
rapid delivery medicine dropper calibrated to deliver 3 ml. The reagent should flood the 
bottom of the beaker rapidly to prevent formation and loss of volatile nitrogen oxides. 

7.13  Swirl; let stand until the residue is dissolved and the solution is clear. 
7.14  Carefully add approximately 20 ml of distilled water. 
7.15  Cool. 
7.16  With a 50- ml burette in a fume hood, carefully add 1:1 NH4OH until full yellow color 

develops and then 3 ml in excess (approximately 15 ml total). 
7.17  Transfer the sample to a 100-ml graduate cylinder and dilute to 99 ml with water. Mix the 

solution by pouring back-and-forth from cylinder to beaker several times. (A small 
amount of solution will remain as a film in the beaker. Also, a graduate cylinder is 
calibrated “to deliver” rather than “to contain” a given volume. A 100-ml graduate 
cylinder will contain slightly more than 100 ml, the excess being retained as a film on the 
cylinder walls when the cylinder is emptied. To compensate, the cylinder is filled to only 
99 ml. A volumetric flask should be used for precise work.) 

7.18  Determine the NO3 —N using a colorimeter at 420 nm. Zero the colorimeter with a 
reagent blank. 
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7.19  Prepare a standard curve by evaporating the volumes of 20 ppm NO3 —N solution 
indicated in the table below to dryness in a 150- ml beaker, and proceed with steps 7.12 above. 
 
NO3 —N equivalents of different volumes of standard 20 ppm NO3 —N solution. 
Vol. of 20 ppm  
NO3—N soln. 
 

Final conc. NO3 —N NO3 
—N equivalent in soil* 

ml ppm ppm 
0 0.0 0 
1 0.2 5 
2 0.4 10 
3 0.6 15 
4 0.8 20 
5 1.0 25 
7 1.4 35 
10 2.0 50 
* NO3 —N equivalent in soil using wt. of soil and solution volumes indicated in Methods. 
 
8. Calculations 
ppm NO3 —N in soil = ppm NO3 —N in final solution x 50 ml x 100 ml 
            10 g       10 ml 
 
    = ppm NO3 —N in final soln. x 50 
 
9. Quality Control 
9.1  Laboratory Reagent Blank (LRB) – At least one LRB is analyzed with each batch of 

samples to assess contamination from the laboratory environment. Contamination from 
the laboratory or reagents is suspected if LRB values exceed the detection limit of the 
method. Corrective action must be taken before proceeding. 

9.2  Standard soil – One or more standard soils of known extractable NO3 —N content is 
analyzed with each batch of samples to check instrument calibration and procedural 
accuracy. 

 
10. Reporting 
Results are reported as ppm of nitrogen in the form of nitrate NO3 —N in soil. 
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DATE: SEPT 2004 
 
Nitrate and Ammonium in Soil and Tissue 
 
1. Application 
In this procedure nitrogen, in the form of nitrate and nitrite ion, is extracted from soil or tissue 
samples and analyzed by flow injection. 
 
2. Summary of Methods 
KCl is used to extract NO3 -- N and NH4 --N from the soil and tissue samples. 
 
3. Safety 
Each chemical compound should be treated as a potential health hazard. The laboratory is 
responsible for maintaining a current awareness file of OSHA regulations regarding the safe 
handling of the chemicals specified in this method. A reference file of material handling data 
sheets should be made available to all personnel involved in the chemical analysis. 
 
4. Interferences 
5. Apparatus and Materials 
5.1  Weigh boat (metal or glass) 
5.2  Erlenmeyer flasks (50-ml) 
5.3  Pipette bank (15- ml) 
5.4  Time-controlled, oscillating shaker. 
5.5  Filter paper, 9-cm (Whatman No. 2 or equivalent) 
5.6  Funnel tubes (15-ml) 
5.7  Glass test tubes (6.2-ml) 
5.8  Flow injection 
 
6. Reagents 
6.1  2 N KCl solution (1044.40 g of KCl to 7 liters of de- ionized water). 
 
7. Methods 
7.1  Weigh out 1.50 g of soil or .25 g of tissue into a weigh boat. 
7.2  Transfer sample to a 50-ML Erlenmeyer flask. 
7.3  Add 15-ml of 2 N KCl solution using constant suction pipette. 
7.4  Shake for 15 minutes on oscillating shaker. 
7.5  Filter immediately. 
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