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Relationships between texture and moisture retention have been developed for southern Alberta soils to reduce the
required numberof laboratory determinations for water retention curves. The relationship of clay content with tension
at which maximum soil moisture retention by the cylinder method equalled the moisture content determined by the
pressure plate method is described. The general moisture retention curve to relate soil moisture content to clay and sand
content, depth of soil, and moisture tension was determined using maximum likelihood estimation. At very high clay
content and high tension, this relationship was slightly inaccurate. A further relation between moisture content at 1500
kPa, clay and sand content, and mean depth of sample gave a good fit for the entire texture range and was used to
determine wilting point.

INTRODUCTION

With increasing costs of energy and
threatened shortages of water, farmers
recognize the need to schedule irrigation
more efficiently. The first requirements
in scientific scheduling are to estimate
how much water can be stored in the soil

profile and how much can be extracted
without significantly reducing crop yield.
Shakewich and Zwarich (1968) described
field capacity and permanent wilting
point in terms of silt, clay, fine sand, very
fine sand, and organic matter contents.
However, few soil analytical laboratories
separate the sand fraction or determine
organic matter content to an adequate
depth. Determination of soil moisture
retention characteristics within the root

ing zone has become commonplace for
technicians and professionals involved in
irrigation scheduling. The laboratory data
obtained from pressure plates are fre
quently used as a first estimate of field
moisture retention characteristics.

The objective of this paper is to
develop some general relationships be
tween texture, depth, and moisture held at
various tensions. This may reduce the
need for laboratory determination of soil
moisture retention curves and permit easy
determination of the irrigation point, i.e.
that soil moisture at which irrigation
water should be applied to prevent
reduced crop yield. Soil texture data are
readily available for most soils or can be
determined very simply if required.

MATERIALS AND METHODS

Soil samples that had been analyzed for
both texture and moisture retention in the
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soil physics laboratory at the Lethbridge
Research Station were used to generate
the regression equations. All 1137
analyses on 298 soil samples were done
using the same apparatus and the same
experienced technician; hence, experi
mental differences from these sources

were minimized.

Soil texture was determined using the
hydrometer method (McKeague 1978).
Soils were dispersed using a dilute
solution of sodium metaphosphate. Ex
cess salt and organic matter were
removed by treating with hydrogen
peroxide and washing if the soluble salt
content was high enough to cause
flocculation. The samples were then
mixed using commercial milk-shake
mixers, and particle size distribution was
calculated from hydrometer readings
taken at specified time intervals.

Moisture tension analyses were carried
out with a pressure plate apparatus
according to standard methods (USSLS
1954). Tensions of 10, 30, 100, and 1500
kPa are most frequently used for soil
analyses. All four tensions were used for
all our samples. In a separate experiment
to determine field capacity, tensions of
10, 20, 30, and 40 kPa were used. Values
from these analyses were compared with
the field capacity as determined by the
cylinder method in the laboratory. In the
cylinder method, a column of soil is
wetted from the top until the wetting front
reaches the bottom and, after 48 h, the
moisture retained in the top one-third of
the column is used as mean field capacity
(Sykes and Loomis 1967). The tension at
which the field capacity moisture content
by the cylinder method equalled that of
the retention curve was obtained by
interpolation on the retention curve
graph.
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Statistical analyses of the data were
carried out using standard regression
techniques and logarithmic transforma
tions of the data before analysis. The
general moisture retention equation was
obtained using a maximum likelihood
fitting technique (Wedderburn 1974).
Samples used for testing the relationships
were excluded from the statistical

analyses.

RESULTS AND DISCUSSION

An exponential regression equation
was found most suitable for fitting the
relationship between clay content and the
tension at which the moisture content of

the cylinder method equalled that of the
retention curve (7V,,). The equation (r =
0.67; n = 134) was:

5.356C-421 (1)

where C = clay content in percent by
weight. Introduction of other variables
did not improve the relationship signific
antly.

For this experiment, the clay content
ranged from 2 to 72%. The tensions
predicted by the equation fit the tradi
tional thinking that 10 kPa should be used
as field capacity for sandy soils and 33
kPa for heavy clay soils.

The range of textures of the soils used
to develop generalized moisture retention
curves is illustrated in Fig. 1. This range
covers the major textural groups encoun
tered in southern Alberta.

The generalized relationship (r = 0.96;
n = 1137) between moisture retained,
tension, texture, and depth is:

(35.367 + 0.644C -

0.045D)r-°19

0.251S

(2)

where d = moisture content in percent by
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Figure 1. Texture of samples used for the general water-retention equations.
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weight; C, S = contents of clay and sand,
respectively, in percent by weight; D =
mean depth of sample in centimetres
(8-180 cm); and T = tension in kPa
(10-1500 kPa).

The values of the coefficients indicate

that the clay content has the greatest effect
on the retention relationship followed by
the sand content. The depth had a
statistically significant effect although it
was not as important as texture. Presum
ably the effect of depth reflects a higher
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organic matter content near the soil
surface.

The soil moisture content at field

capacity (6fc) can be obtained by
substituting Tfc from Eq. 1 into Eq. 2 to
yield:

d,e = (25.713 + 0.469C - 0.184S
- 0.0329D)C-°080 (3)

Equation 2 was found to represent the
moisture retention quite closely, except at
high clay content with high tension.

Rather than fitting that end of the
spectrum with separate coefficients, a
linear regression equation

•W, kpa = 4.035 + 0.299C
- 0.016D

0.0345

(4)

was fitted for all soils at 1500 kPa, which
was taken as the wilting point (WP). This
equation represented the entire range of
textures reasonably well (r = 0.96; n =
298), including heavy clays.

The available soil water can be
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TABLE I. PREDICTED MOISTURE RETENTION COMPARED TO OBSERVED FOR VARIOUS TEXTURES IN SOUTHERN ALBERTA

Computed Moisture at FC Moisture at WP Available moisture

depth Sand Clav atFC Predicted Observed Predicted Observed Predicted Observed

Texture (cm) (%) (%) (kPa) (*) (%) (%) (%) (%) (%)

LS 105 86.3 6.6 11.8 8.1 9.0 1.4 2.5 6.7 6.5

SL 45 64.4 15.4 16.9 15.7 16.9 5.7 5.6 10.0 11.3

L 15 35.2 25.7 21.0 23.8 23.0 10.3 9.1 13.5 13.9

SCL 15 46.1 28.0 21.8 22.9 23.6 10.6 11.0 12.3 12.6

SiL 58 23.7 21.7 19.6 23.2 24.5 8.8 8.5 14.4 16.0

CL 105 29.4 38.7 25.0 26.1 27.8 12.9 13.2 13.2 14.6

SiCL 30 13.5 37.0 24.5 29.6 25.9 14.2 13.4 15.4 12.5

SiC 120 7.5 52.6 28.4 32.8 29.8 17.6 17.0 15.2 12.9

C 75 18.4 45.9 26.8 30.5 31.6 15.9 17.7 14.6 13.9

HC 45 18.8 65.6 31.2 36.9 37.9 22.3 23.8 14.6 14.1

obtained by subtracting Eq. 4 from Eq. 3.
The predicted moisture retention values
obtained by using Eqs. 3 and 4 are listed
in Table 1 with the observed values for a

range of textures. The calculated mois
ture retentions at field capacity and
wilting point were usually within 10% of
the observed values on a relative error

basis. The highest relative error in
available moisture in the table is just
under 23% for silty clay.

The accuracy of the results from the
equations approached the level that can be
expected from laboratory estimates of a
field situation. In the field, the water
retained in the macropores is largely a
function of soil structure. Hence,
maximum water retention would be more

accurately estimated with soils in situ
and, if an accurate estimate of field
capacity is required, a measurement
technique should be used on the particular
site.

At wilting point, the water is held in
thin layers around the particles so that the
quantity depends primarily on the particle
size distribution or soil texture. Various

plants have the capability to extract water
well beyond the 1500 kPa limit; for

example, wheat has been reported to
extract water to 2600 kPa (Hasie et al.
1955). In irrigation studies, however, the
rate of growth at high tensions is severely
restricted and water should be applied
long before plants wilt.

Organic carbon contents for surface
soils in the area from which the samples
were taken range from about 1.6 to 1.8%
(J. F. Dormaar, Res. Sta., Agric. Can.,
Lethbridge; pers. commun.). Application
of the relationships developed should be
restricted to southern Alberta soils or to

those with similar organic matter content
and structure.

Using a single relationship for all
textures simplified the estimation of
water-holding capacity. Any practitioner
who has a hand calculator with an

exponential function can estimate mois
ture retention very quickly. If texture
values are not already available from soil
maps, they can be simply determined
either in the laboratory or in the field. An
irrigation point can also be easily
determined. Many scheduling resear
chers recommend irrigation when 50% of
the available moisture has been depleted.
This point and the tension at which it
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occurs can be easily calculated from the
relationships developed here.
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