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84-035 SOIL WATER DESORPTION CURVES for Soil Cores by Tension 

1. Application 
1.1 Soil-Water desorption curves provide information on pore size 

distribution which is valuable for characterizing soils for various 
applications relating to soil-plant interactions, aeration, 
irrigation, drainage and liquid waste disposal. 
Soil-water desorption curves are determined by applying a negative 
potential to a specific volume of soil for sufficient time to allow 
the pores which will drain at the applied suction to do so. The 
equilibrated sample is weighed and this value is used to calculate 
the water content for the applied tension. 

2. Apparatus and Materials 
2.1 Figure 15 
2.1.1 Tension tank 
2.1.2 
2.1.3 
2.1.4 

Glass beads (median dia. 30 pm) 
Aluminum oxide (median dia. 9.5 I-rm> 
Nylon cloth 2 piece; .6 x .6 m; 15 urn mesh. 

2 piece; .6 x .6 m; 6 urn mesh. 
Stainless steel screen; 2 piece, .6 x .6 m; 

- 

2.1.5 

2.1.6 
2.1.7 
2.1.8 
2.1.9 
2.2 
2.2.1 
2.2.2 
2.2.3 
2.2.4 

2.2.5 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
2.10 

2.11 
2.12 
2.13 
2.14 

150 pm mesh. 
Constant head burette (500 mL) 
Constant head burette (100 ml) 
Mercury manometer with vacuum regulator. 
2 liter vacuum flask 
Figure 15 
76. mm dia. aluminum cores. 
Disc (Galvanized or Plastic) 76. mm dia x 16 gauge. 
Elastic bands. 
Nylon cloth 53 pm mesh, (large enough to fit over the end of 
the 76. mm core (i.e. 150 x 150 mm) and held in place by the 
elastic band). 
Weighing dish -90 mm dia x 10 mm high with a flat bottom. 
Balance (Range O-2.0 kg; Sensitivity 1.0 g> 
Drying oven (Capable of 105OC). 
Drying tins (400 mL). 
4 liter vacuum flask. 
Trowel (pointed, loo-150 mm long) 
Paper Towels. 
2 liter beaker or wide mouth container to collect outflow. 
Scarifier (a 20 mm x 50 mm x 10 mm wooden block with 2 or 3 rows 
of 25. mm long finishing nails protruding 15. mm). 
Vacuum pump or aspirator (Vacuum range of O-70 mm Hg) 
Temperature Controlled Room. 22OC + 1°C 

- Tray (600 mm x 600 mm x 10 mm) 
Spoonula lab-spoon (230 mm long) 
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3. Reagents 
3.1 Degassed water 
3.2 Mercury 
3.3 Desiccant (P2O5 or CaSO4) 

4. Procedure 
4.1 

4.1.1 

4.1.2 

4.1.3 

4.1.4 

4.2 
4.2.1 

4.2.2 

4.2.3 

4.2.4 
4.2.5 

4.2.6 

Core Preparation: 
The procedure outlined will be that used for the 76. mm dia. 
cores commonly used by members of LRRI- Ottawa; this technique 
may be adapted to various core sizes. 
Having removed the core from cold storage, remove the protective 
plastic bag and place the core on a flat working surface. Using 
a sharp knife or equivalent, trim the excessive soil off the end 
of the core until a smooth surface which is even with the core 
wall is obtained. Cover the end with a rigid non-corrosive 
(i.e. plastic or galvanized steel) cover. 
Carefully invert the core such that the covered end now rests on 
the flat working surface. Trim the excess soil from the 
uncovered end of the core until it is also flat and even with 
the core wall. 
Take a 150 x 150 mm piece of 53 pm nylon mesh and pull it 
tight to the smoothest face of the core and fix it in place with 
a rubber band. 
Brush any loose soil from the outside of the core, weigh and 
record the value as field moisture. 

Tension Tank Design, Fundamentals of Operation and Procedure. 
The tension tank illustrated in Figure 1 provide a "tension 
medium" with both a high saturated hydraulic conductivity and a 
high air-entry value. Glass beads with a median diameter of 30 
pm are used as the tension medium for negative pressure heads 
from 0 to -1000 mm of water, and aluminum oxide powder of 9.5 
Mm median diameter is used from -1000 to -5000 mm of water. 
The saturated tension medium is supported on a layer of nylon 
cloth with a pore size of 6 urn to retain the medium while the 
subsequent layer had a mesh size of 100 pm and thus allowed 
free drainage of water from beneath all regions of the medium. 
The combination of medium plus supporting mesh (screen) is 
contained in a covered stainless steel tank measuring 0.6 x 0.6 
x 0.2 m deep. 
The upper surface of the tension medium is covered with a nylon 
cloth to prevent adhesion of the medium to the soil. 
The tension medium is saturated using degassed tap water. 
The pressure heads (i.e. suctions) applied to the tension media 
is controlled by a hanging water column for the range 0 to -1000 
mm of water, while vacuum regulator and mercury manometer are 
used to obtain suctions of -1000 to -5000 mm of water, providing 
control to 210 mm of water. 
The experiments are carried out in a temperature- 
controlled room at 22OC + l°C. - 

- 
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4.3 Desorption Procedure. 
4.3.1 The saturation of the soil cores may be carried out on the 

tension tanks. Place the cores into the tank and raise the 
level of the constant head burette above the surface of the 
tension medium (glass beads) and allow the inflow of degassed 
water to the bottom of the core until the water level of the 
tank is 5 mm below the top of the core. Adjust the constant 
head burette to this level and maintain for 16-72 hours. 
Samples which are not saturated after 72 hours should be placed 
in a vacuum desiccator with the water level adjusted to 5 mm 
from the surface and vacuum applied. 

4.3.2 The weight of the saturated core is determined by removing the 
core from the tank, immediately wipe the bottom with a paper 
towel, pat the excess water from the core surface, place the 
core into the weighing dish, carefully wipe the excess water 
from the side wall of the core and from both sides of the disk. 
*Do not discard the water collected in the weighing dish, this 
water has occupied pore space prior to the cores removal from 
the tank. 
Using a balance previously tared for the weight of the weighing 
dish, weigh the core and record the value as the gross weight at 
saturation (GWS). Return the core to the tension table, apply a 
slight downward pressure and rotate the core (lo-20 degress of 
arc) to ensure a good contact between the soil core and tension 
media. 

4.3.3 To achieve desorption of the soil cores, a negative pressure 
head or suction is applied to the glass bead tank by lowering 
the constant-head burette to give the desired negative head. 
The mid-point of the core is used as a reference for zero 
pressure head or suction. The stopcock of the burette is opened 
and the excess water is allowed to drain from the system into a 
suitable container. The negative pressure head (suction) 
applied to the aluminium oxide tank is the combined suction from 
two sources. 1) the suction created on the system by the 
hanging water column beneath the tank is determined by measuring 
from the mid-point of the core to the middle of the large vacuum 
flask inlet and 2) the suction created using the vacuum 
regulator and the mercury manometer (see Figure 15). If for 
example a negative pressure head of -2500 mm of water is 
required and the centre of the core to the middle of the vacuum 
flask inlet distance is 220 mm then the manometer setting is 
168.4 mm of mercury i.e.: (2500 mm-220 mm = 2280 mm/l3.54 g /mL 
(density of Hg at 21OC)). The excess water is collected in a 
sealed vacuum flask which is placed in the vacuum line, between 
the tension tank and regulator. 
Caution: Ensure that the vacuum flask is large enough to 
collect all the excess water as the regulator can be damaged if 
water is pulled through it. 

4.3.4 When the cores have equilibrated for the appropriate amount of 
time, (see Table 6) (based on the 76. mm high cores) at the 
desired pressure head or suction, the samples are removed from 
the tank, the bottom is wiped with a paper towel and it is 
placed in the weighing dish, the outside of the 
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placing it in a large plastic beaker add degassed water and mix 
by hand. Pour this slurry evenly over the surface of the 
remaining medium in the tank. 

4.3.6 Adjust the pressure head to the desired level; ensure that the 
collection vacuum flask is of sufficient volume to contain all 
the surplus water. Immediately after the free water has been 
removed from the surface of the tension tank and while the 
aluminium oxide is still plastic run the back of the spoonula 
lab-spoon around the outer edge of the tank. The spoon should 
sink into the aluminium oxide slightly compacting and sealing 
the material in this region, should the surface have dried 
beyond the plastic state use a wash bottle to apply water. Pull 
the spoon using a vibrating action along the edge progressing 
around the tank. 

4.3.7 Repeat 4.3.3 - 4.3.6 for each desired pressure head or suction, 
record the appropriate information on Table 2. Note that the 
procedure of tension tank preparation varies slightly between 
the glass bead tank (pressure heads from 0 to -1000 mm of water) 
and the aluminum oxide tank (-1000 to -5000 mm of water). 
When the core has been weighed, following the last desired 
pressure head, remove the nylon cloth, elastic band and disk, 
weigh and record their collective weight (column 22). Determine 
the volume of soil missing from the core by filling the voids 
with 30 pm diameter glass beads strike off the excess and pour 
the surplus back into the container, repeat for both ends of the 
core, record both the volume and weight of the beads (Columns 16 
and 17 of data sheet) required to fill the voids. Place the 
core in a 400 mL moisture tin, record the tin 11 (column 18) and 
weight (column 20), and place the core in a drying oven at 
105OC, for approximately 72 hrs (average drying time for a 76. 
mm soil core). 

4.4 

4.5 

core and disk are wiped dry; and the core is weighed. The 
weight is recorded as GW(i) where (i) is the pressure head 
setting (data sheet, columns 4-15). The core is set off to the 
side on a tray until all the core weights have been recorded. 

4.3.5 Following each run at a given pressure head or suction, the 
tension medium is resaturated with degassed water, which is 
reintroduced to 1) the glass bead tank from the constant-head 
burette, and 2) the aluminium oxide tank has degassed water 
flushed down through the system and the entrapped air is 
dissolved. To ensure good contact between the cores and the 
tension medium, remove the nylon cloth from the top of the tank 
and rinse the cloth clean, work the surface lo-20 mm of the 
medium into slurry*, replace the cloth and immediately replace 
the cores, apply both a downward and rotational force. 
"To facilitate the working of the aluminum oxide into a slury, 
rake the surface with the scarifier, remove the disturbed 
aluminium oxide from the tank 

UPon removal of the core from the drying oven place it 
immediately in a desiccation chamber containing a layer of 
desiccant, allow the tin and contents to cool to room 
temperature. 
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Weigh and record the oven-dry weight of the core and soil 
(column 19). 

4.6 Remove the soil from the aluminum cylinder, clean thoroughly 
with extra fine steel wool or a brass brush. Weigh and record 
the cylinder weight as Cyl (column 21). 

4.7 Determine the final water content for each tension by using 
Equation 1, record the value in the appropriate column of Table 
2b. 

4.8 Bulk density of the soil may be determined by using Equation 2. 
4.9 Approximate porosity may be determined by using Equation 3. 
4.10 The data recorded in columns C-N of the data sheet are the end 

result of the experiment. The data is plotted as in Figure 3 if 
a curve is desired. 

5. Calculations 
Equation 1 Volumetric Water Content (x/l) = 

(Gross wt(g) of Core at Tension 'lt" (columns 4-15) - 
Gross wt(g) of core_O.D. (Column 24)) 

Vol. of Soil (oven dry) cm3 (Column 25) 

Equation 2 Bulk Density (g/cm% = Weight of Oven Dry Soil (g) 
(Vol. of Cylinder (mL) - Vol 
of Glass Beads added (mL)) 

Equation 3 Approximate Porosity = 1 - (Bulk Density) 
2.65 

where 2.65 = Estimated Particle Density (g/cm% 

6. References 
Topp, G.C. and Zebchuk, W. 19'79. The determination of soil-water 
desorption curves for soil cores. Can. J. Soil Sci. 59:19-26. 

.- 
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Table 6 

Equilibration times for 76. mm high soil cores 

Pressure Head Equilibration time 
(mm of water) (days) 

0 overnight 
-50 1 
-100 1 
-200 1 
-400 3 
-500 3 
-600 3 
-800 4 

-1000 4-6 
-1500 6-8 
-2250 10 
- 3000 10-12 
-3500 10-12 
- 5000 12-14 
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- DATA SHEET (example) 

1 2 3 4 5 6 7 8 9 10 

CORE SITE 
# 

GROSS GROSS 
DEPTH wt wt GW GW GW GW 
(mm> SAT (gd at -50 -100 -200 -400 -100 

416 PIPERVILLE 460 878.3 872.9 871.8 870.8 868.5 868.3 860.7 

11 12 13 14 15 16 17 18 

VOL. NET 
CORE SITE GW GW GW GW GW GLASS WT GLASS TIN 
I/ -1000 -1500 -2250 -3500 -5000 BEADS BEADS I/ 

850.3 844.2 801.7 790.7 780.8 ICC 2.7 gm 61 

19 20 21 22 23 24 25 

WT OF 
SOIL O.D. WT WT CLOTH NET GROSS VOL. 

CORE SITE + TIN OF OF DISK- WT WT OF 
# + CYL. TIN CYL. BAND SOIL (O.D.) O.D. SOIL 

805.1 83.5 161.2 21.5 557.7 740.4 346.5 
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DATA SHEET (example) 

1 2 3 A B C D E 

BULK WATER 
CORE SITE DEPTH DENSITY APPROX. CONTENT 0 0 
li (mm) gm/cm3 POROSITY at SAT at -50 at -100 

416 PIPERVILLE 460 1.610 0.393 .398 .382 l 379 

F G H I J 

CORE SITE 8 8 8 0 
# at -200 at -400 at’-600 at -800 at -1000 

,376 l 370 l 317 

K L M N 

CORE SITE 8 8 8 8 
# at -1500 at -2250 at -3500 at -5000 

.300 J77 .145 .117 



Glass Bead Tank Aluminum Oxide Tank 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 

Stainless Steel Tank 
Nylon Cloth (15 rnp mesh) 
Glass Beads (30 rnk dia.) 
Nylon Cloth (6 mp mesh) 
Stainless Steel Screen (150 mp mesh) 
Aluminum Core (76 mm dia.) 
Constant Head Burette 
Metre Stick 
Aluminum Oxide (9.5 rnk dia.) 
2 litre Vacuum Flask 
Teflon Tubing 
4 litre Vacuum Flask 
Vacuum Regulator 
Mercury Manometer 

IOOmm 

l- 
J6 

2- 
3 * 
4- 
5/ 

El 1000 mm 

Fig. 15 Glass bead and aluminum oxide tanks for water desorption. 
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Notes 


