Sampling Soils for Organic Carbon
By Ken Oster, USDA- Natural Resources Conservation Service – 6/3/2016

This protocol measures soil organic carbon from a representative soil and land use. It uses composite samples from a grid to establish the baseline, and then monitors changes following new management. It may monitor carbon sequestration by total organic carbon, soil health by active organic carbon, or may inform a model with additional sampling. It includes a form to make a record of a sampling event.
1.0    Sampling Site (1, pages 1-3):
1.1    Uniform soils as determined by soil survey report and field observations.
1.2    Uniform management as determined from land manager and field observations.
1.3    Uniform response to management shown by crop yields or forage production.
2.0    Time of Sampling
2.1    For initial baseline analysis before change in management.
2.2    After 3 to 5 years of new management of Conservation Crop Rotation, No-Till, Reduced-
         Till, Cover Crop, Mulching, Prescribed Grazing, Additions of compost or other 
         amendment, Agroforestry, or other practices.
2.3    Do at the same time of year for each sampling event.
3.0    Choice of Sampling Layout:
3.1    For vineyards and orchards with different management for tree/vine rows and alleys, take 
         one composite sample from vine or tree rows, and separate composite sample from alleys.

3.2    Grid pattern (9, pages 1-2)

3.2.1 Lay out 25-meter square grid at 5 meter intervals. Permanently locate corner of grid so you 
         can find it at the next sampling event.

3.2.2 Randomly select 10 of the 36 intersection points. (10)

3.3    If grid pattern does not fit field or crop, use zigzag pattern (2) across an area of 625 square 
         meters.
4.0    Choice of Depths: 
         Remove any vegetation, crop residue, residual dry matter or duff, and begin sampling from 
         the surface of the mineral soil. For each depth interval collect 10 subsamples and mix in 
         bucket as a composite sample for analysis. Depth intervals must be the same for every 
         successive sampling event.     
         Suggested depth intervals:

4.1    0 to 10 cm

4.2    10 to 20 cm

4.3    20 to 40 cm

         Or use alternative intervals:

4.4    Depth of incorporation of amendment

4.5    Rooting depth of annual grasses: surface 30 cm (5)

4.6    Rooting depth of perennial grasses: surface 60 cm (5)

5.0    Choice of Tools:
5.1    Soil sampling tube to take 1” (40 mm) diameter core, and long enough to reach the deepest 
         sample depth. Push or hammer tube through deepest sample, twist tube, extract sample and 
         divide core between depth intervals. Place each depth interval in separate bucket used to 
         collect composite sample. Recommended in absence of rock fragments.
5.2    Barrel auger

5.3    Shovel to dig shallow pit. Take slice of side of pit, divide slice for each depth interval, and 
         add to bucket used to mix composite sample.
6.0    Soil Samples:
6.1    Collect a quart of soil from composite sample to send to the laboratory. Confirm the size of 
         sample required by your laboratory.
6.2    Air dry sampling before storing or shipping.

6.3    Label zip-lock sample bag with name of farm or ranch, field identification, tests needed 
         (total organic carbon (TOC), active carbon, bulk density, soil texture), depth, and volume 
         of bulk density sample.

7.0    Bulk Density Samples: 
7.1    Collect 3 soil cores from each depth interval for measurement of bulk density. (1, pages 9-
         13, 57-58) These are separate samples from those collected for analysis of soil carbon. We 
         need bulk density to convert percent carbon to tons/acre. Measurement of bulk density 
         is not necessary if the purpose of the sampling is simply to get a general sense of trends in 
         soil carbon over time.

7.2    Choice of tools:
7.2.1 Sampler with slide-hammer, and 6-inch long core casing to avoid compaction of soil within 
         tool. Recommended. (13)

7.2.2 3-inch diameter steel tubing, 6 inches long from Soil Quality Test Kit (1, pages 9, 35) (16). 
7.2.3 Bulk density soil sampling kit with ½” bolt/thread fittings (14)

7.2.4 Professional soil sampling kit with ¾” bolt/thread fittings (heavy duty) (15)
7.3    Soil Texture

         Estimate soil texture (12) for each bulk density sample, or request analysis from laboratory. 
         Compare with ideal bulk density values typical for each soil texture class. (1, page 57)

8.0    For Models:
         When sampling to inform a model, take 3 to 5 subsamples at each depth interval and DO 
         NOT COMBINE AS A COMPOSITE. Have each subsample analyzed separately and 
         determine the coefficient of variation among samples. Increase sample size if needed to 
         meet variance requirements of the model.
9.0    Analytical Methods: 
9.1    Test soil with a drop of a 10 % solution of HCl. If soil fizzes, the laboratory should treat 
         the soil with sulfuric acid to remove inorganic carbon before analysis. (9, pages 3-4) (18)
9.2    Dry Combustion Using Elemental Analyzer for percent total organic carbon (TOC) (active 
         and stable carbon related to carbon sequestration). (7)
9.3    By Potassium Permanganate for active carbon (biologically active carbon related to soil 
         health). (8)

9.4    Measure bulk density if you must convert from percent carbon to tons/acre. (7) Use bulk 
         density to convert % carbon to tons/acre. (9, page 4)
Organic Carbon (tons/acre) = 
% OC/100

x bulk density (Mg/m3)
x thickness of layer (cm)
x 10,000 m

x (100 - % gravel)/100

x 1 - Prt

x 0.44609
Notes:

Megagrams/m3 = gm/cm3
10,000 m2 = 1 hectare
Prt = fraction of the land area within the sampling unit allocated to rocks and/or trees 
Mg/ha * 0.44609 = tons/acre

10.0    Select soil testing laboratory. (11) (17)  Keep soil sample dry or cool until analysis.
11.0    Equipment Needed:
11.1    18 Lathe, stakes, chaining pins, or pin flags to mark corners and intervals of grid

11.2    Two 30-meter (100 feet) tape measures

11.3    Compass to set bearing of sides of grid
11.4    Soil sampling tool to collect subsamples

11.5    3 Buckets to mix subsamples

11.6    Zip lock bags to store soil samples

11.7    Permanent marking pen to label bags
11.8    Soil bulk density kit (1, pages 9-13) (13) (14) (15)
Disclaimer: 
Mention of a product or business is not an endorsement. It only illustrates a suitable product or service.
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