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I. Introduction

The growth of a plant is governed hy an interaction of two
processes, — the formation of organic material by the green aerial
parts, and the uptake of nutrients and moisture by the roots.
When there is poor carbon dioxide assimilation the root growth
is also adversely affected, and when the roots are only able to
absorb small amounts of nutrients or moisture the aerial growth
will also be impaired. This means that phenomena observed
above the ground may be caused by soil factors which affect the
development of the root system and consequenuly the absorptive
capacity of the roots.

In addition to such factors as the presence of nutrients and
moisture in the soil and the activity of the root system, the ab-
sorptive capacity of the latter is determined by its morphelogical
extension, Generally speaking, it is important for all agricultural
crops to have a well-developed root system as this guarantees a
better crop, the plant being enabled to make use of the deeper
soil layers, This enhances its resistance to the difficult periods
that often occur during the vegetative period of a plant. This
means that it is important for root development to be disturbed
as little as possible, Consequently farmers should be aware of
the factors that promote and impede root growth and know
how the latter can be improved. With this knowledge -a con-
scious effort may be made to further root growth. Experiments
may be carried out for this purpose and the knowledge acquired
used on a subsequent occasion when seeking to explain the
phenomena cbserved in the aerial parts of the plant,

Root studies have an ecological aim in which either the
physiological or morphological aspects may be emphasized. The
present work is confined to morphological research.

The object of root study methods is to assemble data on cer-
tain characturistic morphological features of the roots.



The following properties of the root system are important for
eco-morphological research:

1. The total amount of rools. This gives an approximate idea
of the absorptive capacity of the root system, but two plants are
only comparable provided they have similar root systems. This
means that strictly speaking such a comparison is limited to
plants of the same species. The total amount of roots is nearly
always expressed in grams after the roots have been dried, but
it is equally possible to calculate the total length of all roots or
to measure the total surface area.

The total surface area of all roots may be regarded as an
important characteristic, but it is one which is extremely
difficult to calculate, and moreover not every part of the surface
area is functionally similar.

In connection with the problems of supplying the soil with
organic material it may also be important to calculate the total
weight of roots, or the weight in the tilth only.

2. The formation of branch roots and the diameter. The absorp-
tive capacity of a root system is partly determined by the degree
of branching and the diameter of the roots. It is also important
to calculate the root diameter in order to judge the compara-
bility of two root systems.

3. The vertical distribution in the profile. It is ascertained which
layers have dense root development and which less dense. From
this it is possible to draw conclusions on the nutrient and the
moisture uptake from these layers. This may be important for
the drought resistance of a crop.

4. The lateral distribution in the profile. Tt is important to deter-
mine thisin connection with such cultural practices as mechanical
hoeing. The plant spacing may be related to lateral root growth.

5. The maximum depth and width. The maximum depth is
important in connection with the problem of the depth to
which the plant can still absorb nutrients and moisture from
the soil. The maximum width is important in connection with
the layer in which it occurs (cf. 4).
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6. The rate of development. Comparison between a number of
stages of growth affords an idea of the rate of growth. This may
be important in connection with periods of drought or frost
which may be fatal when root growth is less rapid. Rapid root
growth may also be important when nutrients are washed out
of the soil.

Methods of root study should aim at elucidating these problems,
This research work may be carried out either in field experiments
or conditioned container experiments. Both require special
methods for making the roots accessible tor study. To some
extent the same methods can be employed, but otherwise they
need to be adapted to the given conditions. The methods will
be discussed in the following order:

Field experiments

The methods in use may he classified as follows:

1. Investigation of moneliths. This includes the pinboard
method (p. 13) and the excavations. These two procedures give a
fairly complete picture of the structure and shape of the root
system and of the total amount of roots. This method may also
throw light on the distribution of the roots in the profile and
their maximum depth. It also affords possibilities of determining
the rate of growth. The branching of the roots can also be deter-
mined in a pinboard specimen.

2. Investigation of soil samples of small volume, In this investiga-
tion use may be made of augers or similar tools (p. 31). Frag-
ments of the root system are obtained by means of which it is
possible to obtain accurate data on the amount of roots in each
layer. This is also a fairly simple way of obtaining information
on the vertical distribution in the profile and the maximum
depth. Sampling at various distances from the plant provides
information on the lateral spread of the roots, and periodical
sampling may give some insight into the growth rate of the roots.
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‘The evaluation methed has been developed from the auger
method (p. 43).

3. Ineestigation of profile walls.  This includes in the first place
mapping (p. 50}, followed by root counts. This method is very
suitable for determining the distribution of the roots in the
profile and hence their maximum depth, The total amount of
roots in a given site can be expressed numerically. This method
is less suitable for determining root branching and growth rate.
The roots can not only he mapped but loosened on the wall en
masse and then drawn or photographed.

Container experiments

In these experiments plants are cultivated under predeter-
mined conditions; this often simplifies the problem involved
and the plan of the experiments {p, 538),

Use is made of eylinders, cases or glass-panelled boxes filled
with soil, and water cultures in glass cylinders, or else combina-
tions of these containers,

12



I1. Field experiments

1. Monolith investigation - The pinboard method
Material

RorumisTroFF (1908) applied this method to plants grown in
boxes. Mascunavrt (1915) was the first to apply it to a crop
in the field. Later on it was used by GoebEw aacEN for hox cul-
tures and in the field. Use is made of a board of given dimensions
in which pins are fastened (Fig. 1). These pins are cut-off
knitting needles. For driving the needles inte the hoard use 1s

Fia. 1.
Pinboards of various sizes
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made of a small tube of which the length is equal to the required
needle length. This tube is provided with a base. The tube
prevents the needles from buckling as they ars driven into the
wood. The needles are arranged in a pattern of squares 3 cm
apart.

The dimensions of the pinboards and length of the needles
are adjusted to the plants which have to be sampled, so that
pinboards are used of various dimensions and needle length.
The most common sizes are height ! metre, width 30 cm,
needle length 8 ¢m, and height 1 metre, width 60 cm, needle
length 14 cm. The first type is generally used for research on
plants which have narrow root systems, e.g. those found in
pastures, and the second for crops with broad, extensive root
systems, e.g. potatoes, beets, colza, etc. Before a pinboard
sample is taken, a sheet of black plastic material is stretched out
on the board and pressed between the needles until it rests on
the board. A lath may be used for this purpose. The advantage
of using the plastic sheet is that after the soil has been washed
off and the rinsings have disappeared the root system can be
readily removed from the board intact.

Sampling

When the pinhoard is ready for use, plant observations are
made. Notes are made on the stand, state of development and
any weed growth. A site is then selected where the crop appears
to be representative of the field concerned. A hole about a metre
square is dug next to this site, after which the wall facing the
plant or plants is cut vertically and levelled off.

When plants are cultivated in rows the wall can be dug either
parelle! to the row or at right angles to it. In the first case the
specimen will contain a part of a single row which is of the same
width as the pinboard, and in the second plants are obtained
from two or more rows provided the board is wide enough. In
the second case it is possible to study to what extent root
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development differs below the plants and between the rows,
and how far the roots of a plant extend laterally. In the first
case the distance from the wall to the plant or plants will be a
few inches, so that the plants will be situated approximately in
the centre of the specimen or slightly above. A description is
then made of the profile together with all data that may be
important for the interpretation of the root pattern, e.g. type of
soil, water table or height of the siie above the ditch-water level,
and the thickness and characteristics of the tilth and subsoil.

A calculation is made of the force required to drive a conical
object into the various soil layers. A penetrometer can be used
for this purpose. It has been found that this force increases with
a constant weight by volume and decreasing moisture content,
and also with an increasing weight by volume and a constant
moisture content {ScHuurMAN, unpublished). A model form is
used for noting these observations. If necessary soil samples may
be taken to the laboratory. A number of preliminary observa-
tions are also made on the width and depth of the root zone.
For this purpose use is made of a coarse needle (sack needle) the
eye of which is fixed to a handle, or else a three-pronged garden
scraper. These operations over, the plank is held in a vertical
position and the needle points pressed horizontally against the
wall so that the top row of needles is exactly level with the sur-
face. When the surface is uneven the highest point is selected.
The needles are then driven into the soil by means of a jack-
screw or by striking the hack of the board with a mallet. Once
the beard has been forced against the wall a horizontal trench
is dug underneath it to a depth of a few inches more than the
length of the needles. The board is then supported by means of
a jackscrew (Fig. 2). Vertical trenches are then dug on either
side of the board, these also being a few inches deeper than
the length of the needles.

A twisted steel rope with a handle at each end is then placed
in these trenches. The maximum thickness of the rope is 2 mm.
The pinboard specimen is sawn loose from the soil by making
sawing movemnents with this steel rope, after which the specimen
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Fic. 2. Pinboard in the soil,
supported by a jackscrew

is pulled backward sa that it lies horizontally in the hole. The
soil is now held on the pinboard by the pins. Depending on the
size and weight of the specimen, it can be lifted out of the hole
by two or four persons, if necessary with the help of ropes. For
heavy boards, however, a better method is that in which use is
made of ropes fitted with tackle hooks. These hooks can be
fastened 1o the underside, and this should be done before the
specimen is sawn off with the steel rope. Two smooth beams
shauld be laid in the trench at the same time in an obligque
position from the underside of the board and ascending to the
surface on the opposite side of the hole. The heavy specimen
can then be casily hauled over these beams by means of the
rape (for instance, by means of a car). To prevent the specimen
from breaking it is wrapped in a sack. It is then ready to be
taken to the laboratory.
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For certain purposes horizontal pinboard specimens are some-
times taken. In this case the above ground parts of the plant
should first be harvested, Before a specimen is taken some slight
levelling of the surface is occasionally required, after which the
needles on the board are pressed into the profile from above.
The soil is then dug away round the board and a wooden box is
then fitted round the pinboard and the specimen. There is a
groove on the bottom of the box, below the needles. A steel plate
having a projecting point and a cutting edge is forced through
these grooves and underneath the specimen by means of a jack-
screw. Once the specimen has been cut loose it can be lifted out
as it rests on the metal plate, after which the next layer can be
sampled. To prevent the specimen from being pushed away
when the plate is inserted it should be supported at the rear.

Washing the specimen

If the soil 15 sand or loamy sand the specimen is placed in a
wooden washing vessel in the laboratory without previous
treatment. The inside dimensions of this vessel are length
130 cm, width 80 cm and depth 35 ¢m. The vessel is slightly
inclined, its lower side facing a gutter. Holes drilled in this lower
side can be opened or closed at will by means of corks. After the
soil specimen has been placed in the vessel the latter Is filled
with water. The entire clod is kept immersed until the soil is
considered to be saturated. This greatly reduces the risk of clods
breaking off and roots being lost. An initial soaking period of
from 12-24 hours is usually sufficient. Washing can then be
begun,

The specimen should be washed with particular care when
the water level in the vessel during washing is always slightly
below the top of the pinboard specimen. But this is not always
strictly necessary. The washing can be carried out by one person
with the help of a sprinkler, but this has the drawback that in
most cases the pressure is not kept constant, especially when
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F1. 3. Rotary sprinkler above a pinboard specimen

layers of varying hardness occur in the profile. As a result the
specimen may be damaged, and it is therefore better to wash a
specimen mechanically. This can be done with the rotary
sprinkler having three arms about 17 cm long in which is
perforated a row of small holes (Fig. 3). Owing to the slightly
oblique position of these holes the sprinkler is rotated by the
pressure of the water. The advantage of this is that the drops
do not always fall on the same place but are distributed over the
entire trajectory. This method has several advantages. In the
first place better results are obtained because all material is
washed with the same force, and secondly a larger number of
profiles can be washed at the same time, only one person being
required for continuous supervision. Such contaminations as
straws, pleces of stalk or leaves in the soil should be removed
during washing before they become entangled in the root mass.
Provided the sprinkler is properly supervised the amount of
water consumed need not exceed that used when a specimen is
washed by one person with a watering sprayer. Washing should
not be too vigorous as this may damage the roots, and cut-off
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Fra. 4. Oscillating sprinkler abeve a pinboard specimen

roots from plants outside the specimen may be washed away.

The specimen may also be mechanically washed by means of
a specially modified garden sprinkler of which the spray nozzle
is moved to and fro by the force of the water. This sprinkler
cleans a rectangular area of the specimen (Fig. 4). This is an
improvement on the rotating apparatus. The size of this area
depends on the distance from the spray nozzle to the specimen
and the length of the spray nozzle, In favourable cases a pin-
board specimen size 60 x 100 cm can be washed in a single
operation. The trajectory can be adjusted to three positions.
The apparatus also has about the same advantages as the rotary
sprinkler, It can moreover be used when it is desired to com-
pare the hardness of the layers in similar profiles, since a part of
both profiles can be washed simultaneously and hence with the
same force.

It is far more difficult to wash pinboard samples of heavy clay,
and very heavy clay specimens are even practically impossible
to wash without making special provisions. In this case it is
useless to wash the specimen with water. Atiempts have been
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made to use a motor pump for washing with water in which a
peptising material was dissolved. The water was pumped from
a tank, sprayed on the specimen, then returned to the tank
and used again, and so on. One solution used was sodium pyro-
phosphate. But this experiment was unsuccessful. In some cases
fairly good results have been obtained by drying the entire
specimen at 100° (i and then immersing it in a sodium pyro-
phosphate solution. Owing to the drying of the specimen the
solution can penetrate quickly and be more uniformly dispersed
in the specimen. The concentration of the solution is usually
270 grams of sodium pyrophosphate to 100 litres of water, but
for very heavy clay the concentration should be increased.
Drying should not be so extensive as to cause large cracks, as in
this case the roats will break. After the specimen has lain in the
solution for about 12 hours an attempt can be made to wash it
in the usual way. Should this not be fully possible (it depends
on the degree of penetration of the sodium pyrophosphate} the
process may he repeated. We are still investigating whether
freezing of the specimen may have a good effect on the wash-
ability. Some favourable indications have already been obtained,

Final steps

After the specimen has been cleaned the pinboard and roots
are transferred to a flat zinc basin of water, and the specimen
can then he profiled and cleaning continued. In these two
processes loose roots twisted round the needles are restored 1o
their original position and any contaminations still present, e.g.
straws, etc., are removed. The cleaning can be carried out, at
least in part, by filling the basin with water and then passing
through it a thin stream of water which runs over the edge.

After the specimen has been washed and arranged the root
system can be photographed as it lies on the pinhoard in the
water. The advantage of photographing under water is that the
natural position of the finer roots is also preserved. The black
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Fic. 5. Wooden case with bulbs, used for photographing a reot system

plastic sheet takes a good background. For lighting use may he
made of a box in which is arranged a number of bulbs, enabling
the roots to be uniformly illuminated (Fig. 5;; there is no
possibility of light being reflected on to the lens via the surface
of the water. Since the photograph is taken vertically the reflect-
ing parts of the camera should be blackened in order to prevent
it from being reflected in the water. Ceiling reflection can be
prevented in the same way. Instead of a box use may be made
of four powerful ‘“fotomirenta” bulbs arranged round the basin
in such a way as 1o give a good distribution of the light and
prevent it from being reflected in the lens, Figure 6 shows a
raat system being photographed under water. Figure 7 shows
the same root system being photographed under water after it
had been removed from the pinboard by means of the plastic
underlayer.,

The roots can also be photographed dry after arranging. In
this case the water is carefully siphoned out of the basin until
the roots are free of the water. The root system is then dried with
a fan until the outside is practically air-dry. [t is then removed
from the pinboard by carefully lifting the plastic sheet between
the needles. The root system can then be taken off the sheet,
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Fic. 6. Photograph of a submerged root system on a pinboard

placed on black velvet or black-painted hardhoard, and then
photographed. Figure 8 shows the result of such a photograph.

It is clear that when the roots {at least, the roots of larger
plants) are examined by means of pinboards one does not obtain
an entire root system but only a vertical section of it. The roots
cut off from the front and rear of the specimen are absent, and
this means that the photograph only shows a certain cross-
section of the root system. Drespite this it provides a good indica-
tion of the roat system as a whole, Hum {1939) more or less
overcame this difficulty by taking a cube of'soil on two pinboards
size 30 x 30 cm of which the needles intersected at right-angles.

In both cases, after the roots have been photographed they
can be collected in layers in order to calculate the weights. In
most cases, however, this is not done immediately, the first step
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Fic. 8. Roe: sy:tem of figure 7, now photographed in the dried state




being to describe the root system, The aerial parts of the plant
in the specimen are also photographed, the distance being, as far
as possible, the same as for the roots. This gives a uniform
magnification of corresponding photographs,

Description of root systems and roots

The root gystem obtained from a pinboard has to be described.
The description can be divided into one of the root system as a
whole and a detailed description of one or more separate roots.
A separate scheme is employed for each.

The following scheme is used for describing the root system
as a whole:

A. Description of a rool system

1. general picture
a. shape (square, oblong, etc.)
b. maximum depth in cm
¢, width in em
d. colour
e. humber of zones distinguished according to change in
the shape of the root system or in the density of the root
zone.
2. description by zones
a. height in cm
b, width in cm
c. density of the root zone (in terms of sparse to very
abundant roots)
d. distribution of the roots over the width of the board in
the soil {in terms of regular and irregular)
e. colour,

If detailed information is required about the roots, for instance
on the branching, separate roots can be placed between trans-
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parent plastic material. In this method two or more representa-
tive fully-grown roots are carefully worked loose from a root
systemn so that they remain intact with their sideroots, This is a
difficult task, but experience has shown that the method can
even he successfully applied ta dense root systems provided no
force is used. The number of roots prepared depends, for example,
on the type of investigation and the kind of root system. In the
case of a plant whose roots show marked differences in growth
habit {either as a result of its hereditary predisposition or
external factors), one part being confined to the top soil and
another growing in a distinctly vertical direction, roots have to
be taken from both groups for detailed investigation. This is
obviously the case with potatoes.

In the case of cereals it is possible to select cither the nodal or
seminal roots, or both, For studying the effect of soil factors it is
useful to choose fully grown roots. The oldest roots are better
avoided as they may exhibit symptoms of decay. This method
also affords a good idea of the growth of the roots of a particular
plant by working loose roots of different ages, viz. from young to
old, and comparing them,

For this purpose the best procedure is to place the root system
in a long, fairly broad and shallow basin. The bettom of the
basin is preferably dark when light-coloured roots are being
handled, and vice versa. The basin is filled with 4 to 5 cm of
water. Since the basin is wide, any roots not used can be put on
one side without being cut off at once. Generally the best proce-
dure is to remove young unbranched roots in the first case. This
makes it easier to free fully grown, densely branched roots.
If there is a root which it is required to use in a completely free
state it can be cut off, For the further processing of this root use
is made of a long, comparatively narrow and shallow basin of
which the bottom is lined with a sheet of fairly firm transparent
plastic material which should have no folds or crease as it may
later be necessary to take photographs or photoprints. The
margins of this plastic sheet are weighted to prevent it from
floating whe: the vessel is filled with a thin layer of water, The
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FiG. 9. Arrangement of roots by means of pins

moistened root is placed in this basin, The side-roots are then
arranged with the help of needles (Fig. 9). It is important that
only a small amount of water is used as otherwise any awkward
movement may have the effect of disturbing the water and
thereby entangling the roots. Fortunately when roots have only
a few side-roots the water adhering to them is sufficient. When
arranging the roots the usual practice is to work from the base
downward. When all roots have been arranged in order, the
water is carefully removed with a water-jet vacuum pump. To
prevent the roots from being entrained by the water they are
weighted with glass rods. The roots are then left to dry for some
time, when they begin to adhere loosely to the plastic sheet,
Care should be taken, however, as the roots may dry at different
rates and dry roots may suddenly become detached. This can be
prevented, however, by using a vaporiser for spraying the roots
with a glue which is colourless after drying, viz. Saba 810 E,
dissolved in water in a ratio of 1 : 5. Any excess glue can be
removed with a water-jet vacuum pump. The glue takes about
30 minutes to dry, but drying can be accelerated with a fan.
The roots are then stuck to the plastic sheet and show no further
tendency to spring out of position. Afterwards the whole can
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Fii. 10.  Root partly between flastic sheels




be covered with the second sheet of thin plastic in order to
protect it (Fig. 10).

A photograph can be taken of roots obtained in this way, but
it is desirable to remove the thin plastic sheet beforehand as it
may create a number of reflection points. The roots should then
again be covered as quickly as possible with a thin sheet of
plastic.

The entire process could also be carried out between glass
sheets, but plastic has the advantage of being flexible, so that
the entire root system can be placed in a rotating photostat
camera and photoprints made. The thin plastic sheet is also
removed in this process so that the light-sensitive paper comes
into direct contact with the roots and a very sharp photograph
is obtained of the thin roots. Roots which vary extensively in
thickness make poor photoprints and are better photographed.
These photoprints or photographs, which give an accurate
picture of the roots, can be used afterwards for the purpose of
measuring and counting.

The following descriptive scheme is employed:

B. Descripiion of individual rools

1. Dicotyledones
1. main root
a. shape (tap root, filiform, etc.)
b. length in ¢m
¢. thickness in mm (where necessary atdifferent depths
or distances from the base)
d. colour
e. number of zones, depending on 1st order lateral
root formation
f. number of 1st order lateral roots per zone per length
unit of the main root
g. length of the root-hair zone
2. Ist order lateral vools (per zone)
a. shape {elongated, twisted, etc.)
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b. length in cm (average -~ extremes)

c. thickness in mm (average -+ extremes, where ne.
cessary at the base and at various distances from the
base}

d. colour

e. number of zones, depending on further lateral root
formation .

[ number of 2nd order lateral roots, where necessary
per zone, in terms of few to very many per unit of
length

g. length of the root-hair zone

3. 2nd order lateral roots

a. estimated length {average 4+ extremes)

b. presence of lateral roots of the 3rd and higher orders
with estimation of the length

c. length of the root-hair zone

4, adventitious roots (additional roots)

see under B.1.1, B.1.2, B.1.3

5. roct tubers '

a. habit (single or combined)

b. number

c. place

I1. Adonocotyledones (grasses and cereals)
L. seminal roots
. shape {elongated, twisted, etc.)
. length in cm (average -} extremes)
. thickness in mm (average + extremes)
. colour
. number of zones, depending on lateral root forma-
tion
number of Ist order lateral roats per unit of length
of each zone.
2. Ist order lateral roots
a. shape (elongated, twisted, etc.)
b. length in cm (average + extremes)
¢. thickness in mm (average -- extremes)

0N T

™
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d. colour
e. number of zones, depending on 2nd order lateral
root formation
f. number of 2nd order lateral roots per zone in terms
of few to very many per lst order unit of length.
3. Znd order lateral roots
a. estimated [ength of 2nd order lateral roots
bh. presence of lateral roots of the 3rd and higher orders
and estimates of the length
¢. length of the root-hair zone
4. nodal roots
as B.IL1, B.IL.2 and B.IL.3

Specific possibilities and difficulties

It may happen that the pinboard is too short for the root
system which is to be sampled. In such cases two pinboard
specimens can sometimes be taken under each other. The
specimens cannot be cut away until the pins of the two pin-
heards have been driven into the soil. The soil between the two
pinboards should be cut through with extreme care.

It is also possible to supplement the data with boring specimens
taken from the soil of the hole or its immediate vicinity.

In many cases the pinboard specimen is also used for preserving
the profile. In such a case the sample taken is slightly thicker
than the length of the pins, This enables the root zone and
profile to be compared after they have been washed in the
laboratory, This method has been described in a publication
(1955) but has since been simplified, the roots being removed
from the plastic sheet after drying and transferred to a blackened
piece of hardboard to which they are stuck with a colourless glue.

It will be seen from the above that the pinboard method has
many possibilities, These specimens can be used to obtain
information on all the points listed on pages 10 and 11.

It is also extremely important to obtain an idea of the habit
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of the root system of a particular plant. Moreover the method is
usually fairly easy to carry out and is not very laborious. One
drawback is that a fairly large hole has to be made for taking a
pinboard specimen and the soil from this hole has 1o be disposed
of in the immediate vicinity. This is not always easy to do on
experimental fields. When the specimen is taken from the
border of the experimental field the path may be used, but
sometimes this is impossible and the crop may be damaged.
The soil is usually deposited on a large, sturdy canvas cover;
this also prevents the deposited soil from being mixed with the
rest and the pit can be filled up more rapidly. Despite this the
crop is often damaged over an area of about 4 x 3 sq.m. In most
cases this cannot be permitted on small fields in connection with
yield determinations, so that in such cases it is generally in-
advisable to take more than one sample per plot. Moreover
despite the fact that the soil layers are separated during excava-
tion, after the hole has been filled up the profile will never be
entirely the same as the original one, and this may be a draw-
back for experiments continued over a number of years.

2. Examination of soil specimens having a slight
volume. The auger method

Material

The auger method is used both in field experiments and cer-
tain model experiments. There are two types of augers, one
being specially suitable for sampling heavy soils and hardpans.
This is the heavy auger which is driven into the soil with a
mallet. The other light type is used for sampling light soils,
although it is also suitable for heavy soils. Both types were
developed by GOEDEWAAGEN (1948) from augers used by Visser,
1943 (cited by GOEDEWAGEN).

Both augers consist of a cylindrical tube having an inside
diameter of 7 cm and a height of 15 ¢m in the light model and
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Fi6, 11, Augers used for
root sampling, with tools

25 ¢m in the heavy one. Until recently use was also made of
augers having a 4 cm diameter, but these were less satisfactory
on some soils as the frictional resistance of the inner wall is
much greater than in the 7 cm auger, and as a result the soil is
partly forced away. The cases in which this occurs with the
7 cm auger are so few that they can be ignored, as has been
proved by measuring the weights by volume. It may happen,
however, that a specimen drilled with the 7 cm auger is not of
the same length in both directions; this is usually caused by the
compression or expansion of the specimen drilled. Consequently
the number of roots found in the specimens when 7 cm augers
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are used always corresponds to the original volume of the
specimen drilled, even when it has been suhject to compression
or expansion during drilling. A shaft is fixed to the tube. Marks
are made on bath the tube and the shaft at 10 cm intervals,
A handle is fixed to the top of the shaft to enable the auger to be
driven in the soil and pulled out of the hole {Fig. 11).

The shaft of the light auger is 70 or 110 cm in length so that it
can he used for drilling to a depth of 80 or 120 cm. The short

Fic. 12. Thecutting edee {8
of the auger with teeth
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auger is used for the uppermost specimens as in this case the
weight of the body is put to better use. The long auger is used
for the deeper specimens.

The shaft of both augers consists of a tube containing a rod.
A round disc is fastened to the bottom of the rod and can be
moved up and down in the tube. A handle is provided at the
top of the rod. The rod and stamp are used for forcing the soil
specimens out of the tube,

Sampling

The bottom of the tube is serrated {Fig. 12). By slowly
twisting the auger to and fro in short turns it is pressed vertically
into the soil up to the first mark (Fig. 13). During drilling the
stamp is forced upward by the sample. When the auger has
reached the required depth it is rotated a number of times so as
to free the sample; the auger is then pulled out. The hole is
slightly widened by slewing the auger round. This prevents soil
and roots from being shaved ofT by the wall when the next layer
is sampled. The sample is then forced out of the tube and
collected in a cardboard container where it can be inspected.
It is then placed in a numbered paper or plastic bag. The auger
is then replaced in the borehole and drilling is continued up to
the next mark. The work proceeds until no further roots are
encountered in the sample, but to be on the safe side one more
sample is taken, If the profile is suitable a drilling sample may
be further subdivided into two parts at the interface between
two layers. This is usually done with the 0-10 em layer which is
divided in this way into layers of 0-5 and 5-10 cm.

The heavy auger should be of a much heavier design, since it
is hammered into the soil. Consequently the auger is provided
with a striking head in which can be inserted a sturdy crosspiece
which can be used as a handle when the auger is lifted out of
the soil. To prevent damage to the material the auger should be
hammered fairly gently. Since in heavy soils it is often impossible
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Fic. 13, Drifting a soil sample with a heavy anger
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