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STANDARD OPERATING PROCEDURE No of pages 5 

No: METH 005 Version: 1 Date: 07-07-
2010 

Title: Determining Soil Moisture Characteristics   

 

I. SCOPE AND APPLICATION 

The procedure describes the determination of the soil moisture characteristic curve and bulk density 

using sand box and pressure plate apparatus. 

II. RELATED DOCUMENTS 

 PRP 003 Soil sample preparation and handling 

III. PRINCIPLE 

Water retention is defined as the soil water content at a given soil suction. By varying the soil suction 

and recording the changes in soil water content, a water retention function is determined. The water 

retention function is dependent on particle size distribution, clay mineralogy, organic matter and 

hysteresis. The determination described here is based on desorption procedure that uses suction (0 and 

0.1 bar) and pressure (0.3, 1, 3, 5 to 15 bar). The determination at 0.3 bars is often referred to as field 

capacity and the determination at 15 bars as wilting point in agricultural literature. For the 

determination of the moisture characteristics both undisturbed and disturbed samples are used. In the 

laboratory the samples are saturated and subsequently balanced with respect to the increasing values of 

the moisture tension. The moisture tensions are obtained by creating a series of under and over 

pressures. Weighing of the sample after each balance adjustment yields the moisture content for each 

moisture tension. 

IV. EQUIPMENT 

a. Pressure plate extractors of 5 and 15 bar limits 

b. Electronic balance of 1 kg capapcity with 0.001 g accuracy  

c. Oven capable of maintaining a temperatures of 1050C  

d. Pressure source, regulators and gauges 

e. Retainer rings. Use 15 mm height and 30 mm in diameter with bottom sealed with muslin cloth 

f. Sand box 

 

V. MATERIALS  

a. Moisture boxes with lids 

b. De-ionized water 

 

VI. PROCEDURE 

a. Sample preparation 
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 Use air dry the soil sample (<2 MM) of about 35 g obtained according to the Afsis soil sample 

protocol.  

 The measurements are made in triplicates 

 Record the tare weight of rings (TW) 

 Fill the retainer rings with soil 2-mm air-dry soil using a spatula by distributing the available soil 

equally into three rings (the ring hold about 13 g soil)  

 Level, but don't pack, the sample in the ring 

 Weigh the rings with soil  (W1) 

b. Measuring moisture at 0 and 0.1 bar with sand Box 

 Prepare the sand box as per the ICRAF SOP on “Operation of Sand box”  

 Place the retainer rings (maximum of 45) in a tray with flat bottom 

 Cover tray with water to wet sample from below 

 Slowly add water between the rings until there is an excess of water (at least 3-mm deep) on the 

tray. 

 Cover samples with wax paper or a plastic sheet 

 Allow samples to stand overnight 

 The next morning, remove samples and place them in the sand box  

 Set the suction levelling stand of sand box at 0 

 Leave the samples overnight to reach equilibrium 

 Weigh the retainer rings up to 0.001 g (W2) 

 Return the samples to sand box 

 Set the suction levelling stand of sand box at 100 cm 

 Leave the samples for at least 36 hrs to reach equilibrium 

 Weigh the retainer rings up to 0.001 g (W3) 

c. Measuring moisture at 0.3, 1.0 and 3 bar 

 Submerge two 1 bar ceramic plates in water for 24 hours to saturate. 

 Place plates on a workbench. 

 Place the retainer rings in order on the plate (each plate accommodates 25 samples). 

 Place the triangular support in the extractor vessel on the bottom. 

 Install plate with samples in the lower-most position in the extractor. Then install the middle plate 

(the plastic spaces should be placed between plates). 

 Connect outflow tubes. 

 Close extractor and tighten, ensuring that the "O" ring is in place and all nuts are uniformly 

tightened. Apply a pressure of 0.3 bar. Build up the pressure in the vessel gradually. 

 Place a beaker to collect water from the outflow tubes. 

 Maintain pressure until no more water is being released (generally 18 – 20 hours, but for some soils 

48 hours or even longer). 

 Release pressure from extractor (remove outflow tubes from water before turning instrument off). 

 Open extractor. 

 Without undue delay, weigh the ring (accuracy 0.001 g) (W4) 
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 Return the rings to plate 

 Connect outflow tubes. 

 Close extractor and tighten, ensuring that the "O" ring is in place and all nuts are uniformly 

tightened. Apply a pressure of 1.0 bar. Build up the pressure in the vessel gradually. 

 Place a beaker to collect water from the outflow tubes. 

 Maintain pressure until no more water is being released (generally 18 – 20 hours, but for some soils 

48 hours or even longer). 

 Release pressure from extractor (remove outflow tubes from water before turning instrument off). 

 Open extractor. 

 Without undue delay, weigh the ring (accuracy 0.001 g) (W5) 

 Return the rings to plate 

 Connect outflow tubes. 

 Close extractor and tighten, ensuring that the "O" ring is in place and all nuts are uniformly 

tightened. Apply a pressure of 3.0 bar. Build up the pressure in the vessel gradually. 

 Place a beaker to collect water from the outflow tubes. 

 Maintain pressure until no more water is being released (generally 18 – 20 hours, but for some soils 

48 hours or even longer). 

 Release pressure from extractor (remove outflow tubes from water before turning instrument off). 

 Open extractor. 

 Without undue delay, weigh the ring (accuracy 0.001 g) (W6) 

d. Measuring moisture at 5.0 and 15 bar 

 Submerge two 15 bar ceramic plates in water for 24 hours to saturate. 

 Place plates on a workbench. 

 Place the retainer rings in order on the plate (each plate accommodates 25 samples). 

 Place the triangular support in the extractor vessel on the bottom. 

 Install plate with samples in the lower-most position in the extractor. Then install the middle plate 

(the plastic spaces should be placed between plates). 

 Connect outflow tubes. 

 Close extractor and tighten, ensuring that the "O" ring is in place and all nuts are uniformly 

tightened. Apply a pressure of 5.0 bar. Build up the pressure in the vessel gradually. 

 Place a beaker to collect water from the outflow tubes. 

 Maintain pressure until no more water is being released (generally 18 – 20 hours, but for some soils 

48 hours or even longer). 

 Release pressure from extractor (remove outflow tubes from water before turning instrument off). 

 Open extractor. 

 Without undue delay, weigh the ring (accuracy 0.001 g) (W7) 

 Return the rings to plate 

 Install plate with samples in the lower-most position in the extractor. Then install the middle plate 

(the plastic spaces should be placed between plates). 

 Connect outflow tubes. 
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 Close extractor and tighten, ensuring that the "O" ring is in place and all nuts are uniformly 

tightened. Apply a pressure of 15.0 bar. Build up the pressure in the vessel gradually. 

 Place a beaker to collect water from the outflow tubes. 

 Maintain pressure until no more water is being released (generally 18 – 20 hours, but for some soils 

48 hours or even longer). 

 Release pressure from extractor (remove outflow tubes from water before turning instrument off). 

 Open extractor. 

 Without undue delay, weigh the ring (accuracy 0.001 g) (W8) 

 Transfer the retainer rings to oven 

 Dry the rings for 24 hrs at 105 °C  

 Remove and place the rings in desiccators and cool 

 Weigh the rings to 0.001 g (W9) 

VII. CALCULATION 

a. Calculate the moisture content held by the samples at different pressures/suction using the 

following equation 

i. Air dry moisture content (%) = 100 * (W1- W9)/(W9 – TW)  

ii. Moisture at saturation or 0 suction (%) = 100 * (W2- W9)/(W9 – TW) 

iii. Moisture at 0.1 bar suction (%) = 100 * (W3- W9)/(W9 – TW) 

iv. Moisture at 0.3 bar pressure (%) = 100 * (W4- W9)/(W9 – TW) 

v. Moisture at 1.0 bar pressure (%) = 100 * (W5- W9)/(W9 – TW) 

vi. Moisture at 3.0 bar pressure (%) = 100 * (W6- W9)/(W9 – TW) 

vii. Moisture at 5.0 bar pressure (%) = 100 * (W7- W9)/(W9 – TW) 

viii. Moisture at 15.0 bar pressure (%) = 100 * (W8- W9)/(W9 – TW) 

b. Calculate average if three values and report 

c. Prepare a soil moisture characteristic for the sample by plotting moisture content against the 

corresponding suction/pressure penetration  

NB: If the two results of the moisture content differ by more than 5% the test shall be repeated.  

VIII. QUALITY ASSURANCE/QUALITYCONTROL 

 

IX. DATA VALIDATION 

1. Following are the results of validation study with 5 different soil types 

2. Detection limit: 

3. Reproducibility:  

4. Bias: 

5. Precautionary notes:  

 Moisture measurements are prone to errors due to exchanges between air and sample. So 

record the weights as soon as possible after exposing the samples to atmosphere 

 After oven drying let the samples cool in a desiccators sufficiently before recoding the 

weight 
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 Ensure that there are no pressure fluctuations during a run. It should be checked after every 

2 - 3 hours (and adjusted if necessary). If the pressure fluctuations are within the specified 

tolerance of the regulator, then no adjusting is needed. 

 Never remove extractor lid with pressure in the container. Release the pressure before you 

open the extractor 

X. HEALTH AND SAFETY 

 Electrical hazards: Electrical systems must conform to the ICRAF standards. Shock hazards 

exist inside the instruments. Only an authorized service representative or an individual with 

training in electronic repair should remove panels or circuit boards where voltages are 

greater than 20 V. The instruments require a third-wire protective grounding conductor. 

Three-to-two wire adapters are unsafe for these instruments. 

 Air pressure: Exercise caution while handling high pressures. Periodically check the pipes 

and housing for leaks and wear and tear and attend to problems if any immediately. Do not 

operate the equipment until the problem is rectified. 

 

XI. REFERENCES 

 

 

XII. APPENDIX 

 

 


