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The qualities of a soil as a medium for plant growth depend chiefly on
soil construction and how it is affected by various factors. The soil con—
struction, i.e. its texture, organic matter content, structure, porosity and
pore distribution in the different horizons, can be studied and described in
the field while soil samples can be extracted and analyzed.

The extent of a soil physical examination must of course be related to
its original aim. The number of replicates taken or the mumber of tests per-
formed is often restricted because many tests are time-consuming and expen-
sive. The tests which normally form part of a physical analysis of soil on
experimental sites in Sweden are described below. There follows a discussion
on which of these tests should receive priority in the physical investiga-
tion of a soil in view of their practical applications.

During the last 30 years comprehensive soil physical investigations
have been performed at the Department of Soil Sciences for akout 250 profiles.
Most of these investigations have been performed in connection with research
projects and large field experiments. Thus the sites are not in the first
hand selected to represent different soil types. But soil physical investi-
gations have been carried out for most types of arable soils and we there-
fore have a good view of the physical status of soils.

Results are published in a series of reports which also detail methods
of investigations and presentation /JOHANSSON et al., 1985/. Methods are
described by ANDERSSON /1955, 1962/, /See JOHANSSON et al., 1985/. Methods are
JOHANSSON /1964/ and JOHANSSON et al. /1985/.

Physical characterization of ewperimental sites

The soil physical investigation carried out at an experimental site at
present usually consists of the following:

- Description of the soil profile /< 1.0 m depth/ and its surroundings,
according to FAO /1977/.

- Extraction of 2-4 undisturbed soil samples from each 0.10 m level
down to 1.0 m depth /using cylinders with 0.10 m height and 0.072 m diame-
ter/.

- Extraction of approximate 1 kg loose soil from each 0.10 m layer.



- Extraction of a vertical profile to 1.0 m depth in a metal box 1.0 m
high, 0.25 m broad and 0.05 m deep and 4 horizontal cross-sections in boxes
0.45 m long, 0.25 m wide and 0.05 m deep.

The cylinder samples are used in a series of laboratory tests. Loose
soil material is used in mechanical analysis and to determine density of sol-
ids and physical wilting point /water content at 150 m water colum/. Soil
cross-sections are photographed. They are usually retained for teaching and
demonstration purposes.

The following measurements are carried out on undisturbed soil samples
in cylinders:

- Moisture content at various soil moisture tensions. The number of
tension steps and the size of increment betveen steps is chosen according
to soil type. ’

- Cultivated wilting point by growing sunflower and wheat /WIKLERT,
1964/.

- Saturated hydraulic conductivity.

- Dry bulk density.

Results of tests allow calculation of materiality, porosity and mois—
ture content at sarmpling. Furthermore, a soil moisture retention curve and
water tension [w,_/ curves can be drawn for each 0.1 m layer. The relation-
ships between moisture content and water retention are used to construct
drainage equilibrium [wdr/ curves [JOHANSSCN, 1964/.

The results of a soil physical investigation as described above are
usually reported as a brief descriptive text with photographs of vertical
and horizontal cross-sections and a table and four diagrams as shown below
/Table 1, Figures 1, 2, 3 and 4/.

Water tension curves /Fig. 3/ show the relationship between applied
tensions and water content in the soil profile. Each curve shows the volume
percentage of water /= mm water per 0.1 m horizon/ remaining in the pores
of respective soil horizons at the particular tension. Tt also shows the
volume of air which enters the pores. The water tension curves provide an
indirect picture of pore size distribution in the different layers of the

profile. Thus Ye 0.05 corresponds to an equivalent pore diameter of 0.6 nm,
;0.

VL o.5 toan equivalent pore diameter of 0.06 mm etc.
0.

Drainage equilibrium curves [Fig. 4/ show the moisture content of the
profile at matric tensions equivalent to certain drainage or water table
depths. Thus, if the water table lies 2.0 m below the soil surface, the mean
tension in the upper 0.1 m horizon will be 1.95 meter water column /m wc/,
in the 0.1-0.2 m horizen it will be 1.85 m we, etc. The wg, —curves thus
give a picture of the water holding capacity of the soil profile at differ-
ent water table depths.

As a complement to the analyses mentioned above, macro- and microaggre-
gate analysis [WIKLERT, 1962/ can be carried out, as can measurement of air
permeability at different tengicn steps and of shrinkage at each tension
step and after drying of 105 “C.

A method to measure air permeability on undisturbed soil cores has been
in routine use at the Department for twenty years /ANDERSSON, 1969/. In re-
cent years methods have also become available for testing air permeability
in the field [GREEN and FORDHAM, 1975/ and for measuring diffusion coeffici-
ent on undisturbed soil cores [EDLING, 1986/. Equipment is also available
for measuring oxygen flux and redox potential [ARMSTRONG and WRIGHT, 1976/.
A simple hand-held penetrometer /ANDERSSCN et al., 1980/ is also available
at the Department. This allows soil strength to be measured at 3 am inter-
vals to 45 am depth.
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Mechanical composition and loss of ignition /ﬁlbo, 1979/
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Fig. 2
Soil moisture retention curves /Rlbo, 1879/. 1: layer 0.10-0.20 m; 2: layer

0.30-0.40 m; 3: layer 0.80-0.%0 m -
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Soil physical investigations as described above are for example carried
out on sites where root development and water use are to be studied. At the
Department, methods have been developed for - studies of root development and
distribution in the soil. Direct studies and measurements in the field - in
vertical cross-sections provided by walls of inspection pits - have domin-
ated in recent years [JOHANSSON and GUSTAFSSCN, 1988/. Soil moisture con-—
tent is mainly determined gravimetrically, and neutron probe apparatus is
used for complementary volumetric measurements.

Physical characterization as related to practical growing

In Sweden we have a discussim how to examine soil physical conditions
for practical purposes and how to follow changes of soil physical conditions
in fields within and between vears. A full soil physical examination is rare-
ly of value except for research purposes. Of course, results from an examina-
tion can be used to predict properties and functions of scils which have not
been investigated.

For practical purposes, determination of a soil’s physical character
and its function must often be of a limited nature. The tests performed
should be decided according to the information required. The number of repli-
cates per area can be adapted after known degree of variability in the soil.
The number of layers sampled can be adapted according to how the soil pro-
file is constructed.

Mechanical analysis is a relatively cheap test which does not have to
be repeated. However, it only gives information on the material and not on
the soil structure so it has to be complemented by other tests. A good com-
plement is a soil description carried out for example according to FAO guide-
lines [FRAO, 1977/. Assessment of the root profile - root depth, distrilution
and density - of a crop and the determination of soil moisture distribution
at the end of the growing seascn can give valuable information on how the
soil profile functions and also how much of the soil is involved in the Soil-
Plant-Atmosphere system.

In irrigation for agriculture it is important to know how the crop root
system develops and how much plant available water can be retained in the
root zone of the crop. Thus, one needs to know the moisture retention abil-
ity of the different layers at the prevailing groundwater level and the
fraction of the water content which is available to plant roots /above bio—
logical wilting point/. Since both these parameters can vary greatly with
soil structure it is recommended that they should be measured on each indi-
vidual site.

Seasonal changes in the weather and changes in land use affect the phys—
ical properties of the soil and its function every year and alsc in the long-
er term. Soil texture, however, remains relatively unchanged from year to
year. Changes in physical properties are more apparent in the upper layers
of the profile.

Changes in physical properties within a year and between years can be
followed in different ways. Practical methods are e.g. inspection of root-
ing at the end of the growing season, measurement of permeability of the
s0il to air and water, measurement of infiltrability and of soil strength.
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