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Determining field capacity and wilting point using soil saturation by capillary rise. Can.

The objectiveof this investigationwas to acquirea quickand simplemethodfor determiningfield capacity and wilting
point from soil water content at saturation. A capillary rise method was examined, to provide reliable and satisfactorily
accurate results for the soil water content at saturation, by testing 238 different soil samples. These samples were from
southern Alberta, representing all soil textural classes. A statistical relationship was established between the soil water
content as measured by the pressure plate method at 30 and 1500 kPa suctions and the soil water content at saturation
as measured by capillary rise. Two mathematical equations were developed for this relationship. By substituting the
soil water content at saturationvalue for a specific soil into one equationyielded the field capacity and substituting the
same value into the other equation yielded the wilting point of the soil.

INTRODUCTION

The available soil moisture, which is
the difference between the soil water con

tent at field capacity and wilting point
(Baver 1961), is a concern for irrigation
scheduling and crop production. Plant
growth is largely dependent on the avail
able soil moisture. Therefore, the deter
mination of water held at field capacity
and wilting point is a requirement for
proper irrigation water management.
These values vary among soils and are
mostly determined by laboratory measure
ments, which are laborious and time con
suming.

Earlier researchers have investigated
this area of work, of which De Jong
(1981) gave a review and comparison of
the development of soil water models and
discussed their different types including
the soil water budget models, stating some
of their advantages and disadvantages.

Soil water retention characteristics are
estimated in the laboratory with pressure
plates (Richards 1947). They are also es
timated from particle size distribution, or
ganic matter percent and bulk density
(Gupta and Larsen 1979). Recently, em
pirical relations between laboratory deter
minations of soil texture and moisture re
tention werefound(Oosterveld and Chang
1980). A considerable variation in meas
ured soil water contents was observed
withineach textural group of soils with the
coefficients of variation decreased from
thecoarse- to the fine-textured groups(De
Jong 1982).

The rate at which plants use water has
been a subject of debate for many years.
The water retained at field capacity and
wilting point were considered properties
of the soil largely determined by soil tex

ture and certain physical and chemical
characteristics (U.S. Salinity Laboratory
Staff 1954). Plants respond adversely to
increasing osmotic pressure of the soil so
lution which in turn depends on the water
content of the soil and the amount of dis

solved salts. Therefore, plants can wilt in
soils with water content higher than the
estimated wilting point when the amount
of soluble salts is comparatively high, in

spite of the accepted argument that the
wilting point percentage, as indicated by
Veihmeyer and Hendrickson (1948), is
the lower limit of water available to
plants. The wilting point is approximated
by the 1500-kPa suction and the field ca
pacity by the 30-kPa suction when consid
ering it as an intrinsic property of the soil.

These two soil water retention limits
were measured and correlated, in this
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Figure 1. Texture of soil samples used, as plotted on the soil texture classes chart.
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study, to the soil water retention at satu
ration by capillary rise and statistical
equations were developed. Soil water re
tention at saturation could be substituted

into these equations yielding the field ca
pacity in one case and the wilting point in
the other.

MATERIALS AND METHODS

In this study 238 soil samples were
used, all of which were composite sam
ples taken from the A (containing
1.5-2.5% organic matter), B and top of
C horizons, to a depth of 0.6 m, from soils
in southern Alberta. The soil profiles were
mostly Orthic Brown and Rego Brown
types, developed on mainly glacial till
parent material. The lands where these
samples were taken were mostly suitable
for irrigation according to the Alberta
Standards (Bailey 1969). The soil samples
obtained were of low to medium salinity
(<6 m S/cm) and low to medium sodicity
(< 8 SAR) and were distributed through
out all 13 textural classes in the Canadian
System ofSoil Classification (Canada Soil
Survey Committee 1978); their distribu
tion is plotted on the soil texture classes
chart (Fig. 1).

The Longenecker and Lyerly (1964)
method for making soil pastes was modi
fied in this study by (1) using one sand
container with a perforated tube instead of
two, one outer container for water and an
inner perforated one for sand, for simpli
fication; (2) saturating 100 g of soil in
stead of 200 g and making cups of 18-cm
filter paper instead of 15-cm to minimize
thecapillary potential; (3)maintaining the
water level in the sand container by a Mar-
iotte syphon system (Fig. 2) instead of a
float valve; (4) using 0.5-mm grain size
sand instead of medium or fine sand; and
(5) maintaining the water level at the sand
surface instead of maintaining it at a lower
level.

A simple apparatus (Fig. 2) was used
for saturation of soil samples. The appa
ratus consisted of a Mariotte syphon sys
tem, a plastic container (46 cm wide, 46
cm long and 15 cm deep) containing pure
sand (0.5 mm in diameter) in which the
water level was maintained constant at the
level of the sand surface. The water was

syphoned into the sand through a tube that
released water into a wider perforated
plastic tube inside the sand container. The
perforated plastic tube was wrapped with
fine mesh tissue (cheese cloth) to prevent
sand particles from entering the tube; it
surrounded the inside of the container

along the bottom of the walls.
Flat-bottomed cups were made by fold

ing four diagonal corners of 18-cm No. 1
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Figure 2. Simple apparatus for saturating soil samples by capillary rise.

Whatman filter paper and stapling each
corner (Fig. 2).

Dried, pulverized soil samples, 100 g
each, were placed in the flat-bottomed
cupsandtheirsurfaces were levelled. The
depth of the soil inside the cup was
0.8-0.9 cm representing a smallhydraulic
head difference, making the capillary po
tential negligible since it is proportional
to the height above the free water table at
the sand surface.

The cups containingsoil wereplacedon
flat filter paperon the surfaceof the water-
saturated sand. The samples were left for
3.5 h which was enough time, in this ex
periment, for the soil to adsorb water by
capillary rise until the pointof saturation,
after which adsorption rate dropped to nil
and the water content at saturation was
determined gravimetrically for each soil
sample.

The field capacity and wilting point of
all samples were measured by pressure-

plate apparatus at 30- and 1500-kPa suc
tions, respectively (Richards 1947).

A correlation between the soil water
content at 30- and 1500-kPa suction and
the soil water content at saturation by cap
illary rise was analyzed, based on a linear
regression curve, and a statistical relation
ship was established.

RESULTS AND DISCUSSION
A simple apparatus, as modified, func

tioned satisfactorily in saturating pulver
ized soil samples by capillary rise.

The soil water contents of the 238 soil
samples, representing all textural classes
at saturation, 30-kPa suction and 1500-
kPa suction, are shown in Table I. The
averages of soil water content at 30-kPa
suction, at 1500-kPa suction and at satu
rationby capillaryrise showeda statistical
relationship as follows:

Yf = -51.45856
r2 = 0.97586

(1.54695)X
(I)

CANADIAN AGRICULTURAL ENGINEERING, VOL. 25, NO. 1, SUMMER 1983



TABLE I. AVERAGE PERCENT WATER AT SATURATION, 30-kPa SUCTION AND 1500-kPa
SUCTION, BY WEIGHT FOR DIFFERENT SOILS

Number

of

samples

Particle size

range (%)

Clay Sand

Moisture retention (%)t

saturation 30-kPa suction

X CT

1500-kP;

X

a suction

Textural

class
X a CT

S 14 1- 7 87-97 36.6 0.64 4.6 0.56 2.7 0.42

LS 12 3-11 74-88 38.0 0.17 7.6 0.70 3.8 0.37

SL 22 4-17 54-76 40.2 0.13 11.8 0.69 5.3 0.43

L 17 8-23 29-51 44.7 1.28 16.9 1.28 9.4 0.76

SiL 16 4-25 9-37 45.4 0.48 21.5 0.57 11.5 0.86

Si 15 2-11 4-16 50.2 0.98 25.0 1.54 12.6 1.19

SCL 28 20-34 47-68 51.3 0.60 26.8 0.32 14.2 0.08

SiCL 24 4-23 9-37 52.8 0.25 27.7 0.63 14.1 0.56

CL 25 28-39 21-44 53.5 0.82 29.8 0.67 16.0 0.89

SC 22 35-48 45-57 54.6 0.68 31.9 0.97 18.0 1.91

SiC 20 41-53 2-18 56.0 1.02 34.4 1.78 19.7 2.96

C 13 41-59 11-40 57.7 0.85 42.9 1.31 27.5 1.18

fC 10 61-72 8-27 64.0 0.93 47.3 1.86 31.3 1.38

tJt = average and ct = population standard deviation.

Kw = -35.16769
r2 = 0.92740

+ (0.99733) X
(2)

where Y{ = percent water retained at 30-
kPa suction, Yw = percent water retained
at 1500-kPa suction, X = percent water
retained at saturation by capillary rise and
r2 = coefficient of determination.

This study showed that (1) Pulverized
soil samples can easily adsorb water by
capillary rise to the point of saturation
with a minimum human influence, and the
soil water content at the saturation point
was consistently and satisfactorily accu
rate; and (2) the percent soil water content
at a saturation value obtained by capillary
rise method can be substituted into Eq. 1

to yield the soil field capacity, and into
Eq. 2 to yield the soil wilting point; the
available soil moisture can be obtained by
substracting Eq. 2 from Eq. 1.
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