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SOILS cannot be judged simply by looking at the top few inches,
To get a true picture we

without any regard for what lies beneath,

have to exdmine the various layers which make up

By J. P. BLENCOWE, DDA,

Soil Conservation ‘Adviser

OFIL

HEN we examine a soil
face in a pit or cutting
we see that the soil is

made up of several layers.
These layers may differ in col-
our, texture, struefure or
depth.

The soils shewn in Figs, 1
and 2 both have grey, sandy
topsoils. Looking at the sur-
face only, they would seem to
be equally productive.

The profiles tell a different

story. The soil in Fig, 1 has a

clay subsoil at nine incheg and
is much more productive than
that in Fig. 2, where there is
rock at nine inches. Thus sub-

surface layers can vitally affect

the produectivity of soils, and a
goil cannot be judged by its
surface layer alone.

Fig. 1. This profile shows a clay sub-
soil at a depth of 9in.



C
HORIZON

SHALLOW TOPSQIL.

ROCT GROWTH RESTRICTED

POOR WATER HOLDING CAPACITY

ROCK

-Fi.g. 2. The profile here shows the same

9in, of top soil as in Fig. !, but beneath
it is rock instead of clay.

The various layers arise from
the way in which the soil
developed from parent rock.
Many factors affect this devel-
opment—among them age of
the soil, climate, slope, type of
rock and the vegetation grow-
ing in the soil. As a result,
soils usually develop into three
main layers—(1) topsoil, (2)
subsoil, (3) parent material.
The soil scientist labels these
layers the A, B and C horizons;
together they form the soil
profile.

“A” HORIZON,

The A horizon is the most
important part of a soil, as it
is the cultivated layer and con-
tains most of the available plant
nutrients. The upper part of
the A horizon (A!) usnally
contains organic matter in the
form of decayed or partly
decayed plant leaves, stems and
roots. This usnally gives it a
darker - colour than the lower
half of the topsoil layer (AZ2),
which often has little or no
organic matter.

- “B” HORIZON,

This is the zone whieh
receives the materials leached
from the A horizon. Becau_se

Fig. 3. A soil without a *“B”

horizon. The shallow topsoil can-

not stere much water, and the

rock directly beneath it restricts
root growth,



Fig. 4. A soil with all three
horizons. In this case the “C”
horizon is relatively unimportant
because the topsoil and subsail
layers are deep and of good
structure. '

of this, it can differ from the
A horizon in colour, texture
‘and strueture.

The amount of material
brought down by leaching will
depend on the porosity of the
soil and the rainfall. Materials
are leached down in the order
of solubility. Soluble salts and
gypsum may be leached down
right out of the profile. Cal-
einm carbonate (lime), being
less soluble, generally settles in
the B? layer, with the eclay
remaining in the B! horizon.
Iron and aluminium oxides are
still less soluble and remain in
the upper part of the profile,
contributing to the soil ecolour.
These oxides are only removed
in very heavy rainfall areas.

The depth and water holding
capacity of the B horizon

greatly affect the value of the -

soil for plant growth. A friable
subsoil allows water and air to
penetrate and plant roots to

AORIZON

A
O!I~ ,6“

UPPER TOPSOIL. L AYTR

SHOWING DaRKER COLOUR
DUE TO ORGANIC STAIN

LOWER TOPSOIL LAYER,

-UGHTER COLOUR THROUGH

LEACHIMNG

CONTAINS LESS ORGANIC MATTER-

HORIZON

B
18""‘- 36“

HORIZON

| MATERIALS LEACHEDP FROM ABOVE

HELD 1N

4 UPPER SUBSOIL LAYTR

LISHTER, LESS ACCUMLILATION
OF LEACHEP MATERIAL.

PARENT MATERIAL

make full growth. Where the
subsoil is heavy clay, on the
-other hand, plant growth may
be restricted.

The chemical composition of
the B horizon is less important,
although some elements lacking
in the A horizon may be sup-
plied to deep-rooting plants
‘such as lucerne.

“C” HORIZON.

The C horizon is usually
parent material underlying the
actual soil. The nature and
depth of this parent material
has to be taken into account in
assessing the value of a soil for
plant growth.

If the soil is shallow and the
C horizon is unweathered rock,
plant roots cannot penetrate,
and growth is restrieted. In
weathered rock, such as shale,
plant roots can generally find
their way down through the
cracks and creviees.
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In valleys and flats the C
horizon often consists of trans-
ported or alluvial material
brought down from higher
ground,

Not zll horizons are present
in every soil. The profile in
Fig. 3 for example, has only A
and C horizons. Due to age
and limited rainfall the B hori-
zon has not developed. This
soil cannot store enough plant
nutrients or moisture, and con-
sequently plant growth will be
poor.

The soil in Fig. 4 has all
three horizons, but the C hori-
zon is relatively unimportant
because of the depth and good
structure of the A and B layers.
A soil such as this will have a
good reserve of minerals,
will be capable of storing
large amounts of moisture and
will allow unrestricted plant
growth.



Let’s be clear
about what
these terms

mean

IL TEXTURE and STRUCTL

TEXTURE and structure are probably the two
most misinterpreted terms in soil science.

One is often used where the other is meant.

'"Texture' refers to the fineness or coarse-
ness of soil particles and is determined by
the proportion of sand, silt and clay particles
which make up the soil. Terms like sand,.
sandy loam, loam, clay loam and clay, refer

to the texture of a soil.

“Structure,’”’ on the other hand, means the
way soil particles are aggregated or grouped
together. When we talk of a soil being in :
good condition or ‘‘good heart” we are
referring to the favourable structure of the

surface soil.

S0 we see that the quantity of each fraction
——sand, silt and clay—decides the texture;
and the way they are assembled decides the

structure.

Both terms are used in describing soils
and both can be measured in the laboratory.
The following short articles discuss these

terms and their place in soils work.



By

s. D. MOORE, RD.A,
Soil Conservation

Field Officer,

Kapunda.

LIGHT and heavy soils differ in texture.
“Texture” refers to the fineness or coarse-
ness of soil particles and is determined by
the proportion of sand, silt and clay particles
which make up the soil.

Texture is one of the most important
terms used in describing soils and one of
the properties measured in soil analysis. It

is expressed as:—
Particle Size.

Coarse sand . .. .. 2— .2 mm.
Fine sand .. .. .. .2— .02mm.
Silt .. .. .. .. .. .02—002 mm.
Clay . .. .. .. Less than .002 mm.

The percentage of these different frac-
tions, decides whether a soil is a—

SAND, LOAM, or CLAY

or one of the finer divisions, e.g., sandy
IOGm: Sﬂndy CIGY |0c1m, or CIGY |oam. Sand is single-grained and lacks cohesion.

A well structured loam. Clay is plastic and will ribbon out between the
. . fingers.



EN the field, texture can be felt by wetting
the soil and working it between the thumb
and forefinger.

Sand—is coarse to the touch, has no cohesion
and falls apart when moulded.

Loam——has a smooth feel and can be moulded
by hand, but will not ribbon.

Clay—is sticky and plastie, and will ribbon
out between the fingers.

Texture ig a stable feature of the soil and can-
not be changed by normal farming methods.

It is useful in assessing—
Moisture holding capacity.
Tase of working.
Tertility.

MOISTURE HOLDING CAPACITY.

Heavy soils can store more water for plant
growth than light soils. A heavy clay may
hold 23in. of available moisture in each foot of
soil, whereas a coarse sand may hold only #in.

The same rain will wet sandy soils to a
oreater depth than heavier soils, so that
although 25 points of rain may wet a sand to
in. it may only wet a clay to 2in.

Sandy soils therefore respond readily to
light rains but have low water holding capacity.

The ideal soil for storing and giving up
water is probably a sandy loam overlying a
retentive clay loam subsoil.

EASE OF WORKING.

Sands and friable loams are easy to work,
and the term ‘‘light’’ refers to ease of working.
Conversely, the finer textured clay loams and
clays are ‘‘heavy’’ to work.

FERTILITY.

Light sandy soils are readily leached by rain
and are likely to be deficient in plant nutrients,
especially nitrogen.

The elay fraction of soils contains most of the
mineral-matter, and so the heavier loams and
clay-loams are our most fertile soils.



DRAINAGE, root penetration, and ease of
working are among the many properties we
look for in a soil.

The ability of any particular soil to supply
these depends to a large extent upon its
structure. If a soil has a good structure
then drainage is good, plant roots can
penetrate easily in search of food, implements
can also penetrate easily, and less power is
needed for cultivation.

What is this property called soil structure
which apparently controls so many of the
better qualities of a soil?

b RIEFTLY, it is the way the minute separate
particles of sand, silt, clay and organic
matter are put together to form soil
crumbs or aggregates.

The main types of structure can be conven-
iently divided into surface and sub-soil
structure. These are listed below.

Fo

By GAVIN J. YOUNG, RD.A,,

Soil Conservation Adviser, Cleve

A contrast in structure.
Soil at left is from
under the fence and
shows putstandingly
better structure than
that at right, which
comes from the culti-
vated part of the
paddock.

TYPES OF STRUCTURE.
' Surface Seil.

1. Structureless is used to describe sands
where one grain tends to separate from the other
on drying, or for the compact amorphous sur-
face of heavier soils brought about by over-
working. Alternatively these types of strue-
ture may be termed ‘‘single-grained” or ‘‘mas-
give.”’

This diagrammatic
sketch of columnar
structure shows the
deep vertical cracks
which  divide the
subsoil clay inte
pitlars, each  one
separated from its
neighbours on  all
sides. Rounded cap-
pings over the pil-
lars show that this
is what is termed a
“domed” columnar
structure.
[¢8.I.R.0. Div. of
Soils.]
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9. Granular and crumb. The soil when dry
breaks up into granules of varying sizes with-
out sharp edges and flat faces. These soils are
usually referred to as ‘‘self-mulching.”” Crumb
structure is similar to granular but is more

A subsoil showing prismatic

structure. Soil is divided into

elongated blecks with straight
sides and edges.

“Diomed” columnar structure
of a clay subsoil. Surface seil
has been remscved to show the
rounded cappings of the pillar-
like subsoil formation.

open. It is usually associated with eultivated
soils.
3. Ploty. The soil tends to form a series of

fine, flat flakes. The condition is rare and not
normally seen in cultivated soils.

10



One of the signs of hroken
down soil structure—a patch
where germinating wheat
plants failed to break through
the hard surface crust.

Subsoit.

1. Colummnar—the subsoil when dry contracts
ito a series of pillars, each one separated from
its neighbour on all sides. When the columns
have hard, rounded tops they are said to be
“domed.”’

2. Prismalic—when the subsoil cracks into
elongated blocks with straight sides and edges.

3. Blocky. Is similar to prismatic but the
blocks have equal length and breadth.

STRUCTURE AND FARMING.

Both surface and
important in farming.

Subsoil structure in many instances is nearly
as important as surface structure, but as it is
beyond the depth of normal cultivation it is
not easily altered. The practice of deep rip-
ping has only a temporary effect, and the main
hope of improving peorly structured subsoils

subsoil structure are

11

lies in the use of deep rooted perennials like
lueerne, phalaris and evening primrose.

WITH THE SURFACE IT IS A DIFFERENT
STORY.

Poorly structured surface soils are largely
man-made, and the signs are easy to read:—

® The paddock which erusted on top follow-
ing the heavy rain just after seeding.

@ The crop which couldn’t break through in
many places so that the paddock had
to be harrowed and in parts re-sown.

® The ‘‘slick’ spots which shed water rapidly

and set hard when they dry,

@ The paddock showing rilling and muddy

run-off.

These are the signs of structure decline. The
causes are now well known—too mueh cultiva-
tion, working when the soils are oo wet and
too dry, working at speed, burning the stubbles.



“Qtyructureless” surface soils, lilke the one shown here, develop a hard crust after rain falls
them.

The answers are:—
@ Widen the rotation and sow the paddock
down to pasture.

& Topdress the pasture, and see that it is a
good one.

on

@ Leave the matches at home, and work all
crop and pasture residues into the soil,

@ Keduce the number of workings.
Maintaining the surface soil in ‘‘good heart’’

is one sure sign of a successful farmer.

12



THE colour of e soil is perhaps its most obvious characteristiz.
Along with texture and structure it forms the basis for soil

classification.
.BY ' HOW DO SOILS OBTAIN THEIR COLOUR?
R. C. SHEARER, B.Ag.Sc., HERE are two main sources of eolour in

Soil Conservation Officer the soil :—
‘ 1. Mineral matter.
2. Organic matter.

Mineral Matter—Soils are formed by the
breakdown of rocks. Sometimes these rocks
give their own colour to the soil. This has
occurred in the red soils of the Gawler Ranges.

Normally the colour of a soil results from
compounds formed during the breakdown of
; the parent material. Thus red, yellow, grey,
B DARKER COOURS DUE  and bluish-grey colours result from compounds

TO ORGANIC MATTER of iron. Under average conditions of air and
E AND FIUMUS moisture, iron forms a yellow oxide. Where
soils are better drained or drier, water is

‘ removed from the yellow oxide, and colour
LIGHTER COLOURS  changes to red. In waterlogged soils where air
THROUGH LEACHING is lacking we get reduced forms of iron giving
AND LESS ORGANIC g grey or bluish-grey colour.

MATTER

A white or pale colour in soils may be due

to
(1) Large amounts of lime, gypsum and
_ L , other minerals; or
1 MINERAL COLOURS (2) It may result from infense leaching.
THROUGH , The pale, bleached - sub-surface of
- ACCUMULATION OF podsols and similar soils is due to
‘| LEACHED MATERIALS " intense leaching of salts from this

layer so that only the white quariz
sand remains.

Organic Matter—This imparts a , brown
colour to the soil. Humus, a stage in the
This Vdia ram of a socil profile shows the range of ' brgakdown of organie matter, is black. .Thus

B oloues in & normal soil, g soil colour can vary from brown to black

* .. 13
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‘depending upon how much organic matter and
humus it contains. The well drained soils of
the warmer, moister areas are brown, due to
larger amounts of organie matter; but the
poorly drained soils, with larger amounts of
humus, are black.

The intensity of the colour can also vary
with the distribution of the organic matter and
humus. The higher the sodium econtent of
a soil the darker the organic colour becomes.
This is because sodinm causes the organie
matter and humus to disperse more readily and
spread over the soil particles.

Texture also affects the organie colour. The
lighter the texture the more easily the soil
particles are ecoated, and the darker the
colour.

Usually colours seen in the field result from

the mixing of colours formed by mineral and -

organic matter. Thus a red-brown colour may
be formed from a mixture of red iron oxide
and brown organic matter.

However, climate also affects colour. In the
warm, moist areas where weathering is more
intense, the soils are more highly coloured than
the soils of cool, dry climates.

The colour of soils is therefore a reflection
of their mineral content, their organie content,
and of the effect of climate.

HOW IS COLOUR MEASURED?

. In the field, colour is determined by experi-
ence. As two people may give different names
to the same colour, standard colour charts have

14

Checking a soil colour with the

Munsell Colour Chart. The

sample is compared with a range
of standard colours.

been developed to avoid confusion. One of
these is Munsell’s colour chart—a small book
contammg coloured chips against which the soil
colour is compared. The colour is given in
terms of three variables known as ‘‘hue’ (or
the main colour), ‘‘value,” and ‘‘chroma.’’
The last two are a measure of the shade and
purity of the colour.

For example, a soil we call reddish-brown
might be expressed as 5 YR 4/3 on the Munsell
scale, 5 YR referring to the hue, 4 to the
value, and 3 to the chroma.

As soils are darker when wet, the colour
given usually refers to the moist soﬂ Descrip-
tions for technical use may include both dry
and moist colours if these vary much.

WHAT DOES SOIL COLOUR TELL US?

We all know how essential are organic matter
and humus for good fertility. Thus, except
for the poorly drained soils, we can expect the
brown and black soils to be fertile. However,
the organic coloration eannot be satlsfactorﬂy
used as a measure of the amount of organie
matter or humus in the soil.

Red coloration in our soils tells us that the
soil is adequately aerated and drained and that
little leaching of salts has occurred.

The reddest soils are found in the deserts.
Where the red soils oecur in the better rainfall
areas they are usually fertile; and the darker
the red the more fertile they are likely to be,
as this indicates higher amounts of organic
matter.



However, not all red soils are fertile. Some,
like those derived from lateritic ironstone and
others which set very hard on the surface, may
be infertile.

Where the colour is due to iron compounds
the seguence red-yellow-grey indicates increas-
ing wetness or waterlogging, Grey mottling in
a yellow-brown soil indicates that periods of
waterlogging and drying out occur. This
means that drainage is poor and plant growth
may be affected in wet winters, The nearer
the mottled layer iz to the surface the poorer
will be the plant growth.

We must remember, though, that grey can
-algo result from the effects of humus on white
soils or lime on black soils.

‘White or pale colours indicate that intense
tcaching has oceurred or that the soil contains

15

large amounts of caleium carbonate or other
minerals. These soils are generally unpro-
ductive and need special treatment.

In the surface soils a gradual loss of soil
colour, say from red-brown to light brown or
dark grey-brown to brownish-grey, shows that
organic matter is being removed and not
returned, It is a sign that the soil is being
overworked.

Like other so0il properties, colour must
always be observed throughout the whole
profile. A soil may be reddish-brown on the
surface and appear to be fertile. However,
this colour may only occur to a depth of a
few inches and then change to a mottled yellow-
grey. Growth on such a soil would be poor.

Colour, with texture and strueture, may
sometimes be used 1o determine the most
produetive goils on a farm.
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NEUTRAL POINT == 4

By R. HAGERSTROM, Soil Conservation Field Officer, Cleve.

CIDITY is a word in everyday use. We
are all familiar with sfrong acids like
sulphuric or hydrochloric aecid.

Just as we ecan measure temperature in
degrees Fahrenheit or Centigrade and pressure
in 1bs. per square inch, so, foo, can we measure
acidity, but in this case the results are expressed
in terms of pH.

The pH scale has a range from 0.14, the
strongest acids having the lowest pH values and
the strongest alkalies, like caustic soda, having
the highest pH. The neutral point, the pH
value of distilled water, is 7.

Each decrease of one unit on the scale means
a tenfold #ncresse in acidity. Thus a pH of 5
is ten times more acid than pH 6 and pH 4 is
100 times more acid than pH 6.

pH is one of the commonest and most useful
measurements in. biological seience. It is also
a very valuable measurement in soll seience.

Labhoratory instrument for measuring seil pH. PBeaker

at right contains a suspension of seil in water.

Electric current passes through it wvia the glass
electrode. -

Most soils lie within the middle range of the
pH scale. Usunally they are only slightly acid
or slightly alkaline, with values ranging from
pH 6 to pH 7.5. In fact, nearly all our South
Australian goils come within the range pH 5.0
to pH 8.5

Rainfall and soil type are closely connected
with soil pH. Water leaches mineral salts down
through the soil, particularly the sandy soils,
and conecentrates them in the subsoil.

For this reason the sandy soils of higher
rainfall country are usually acid.

Because of leaching, the pH of an individual
s0il usually increases with depth, and surface
soils are usually more acid than their subsoils.

The pH changes in a typieal red brown earth

.of the Mid North are.—
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Depth. pH.
Oin.-3in. .. e 6.3
3in.-9n, .. 6.6
8in.-22in. .. 7.8
221 .-3%n. .. 8.7

MEASUREMENT OF pH.

The pH of a soil can be measured in the
laboratory and in the field.

In the laboratory the pH of a soil-water
sugpension is measured electrically by the glass
electrode method.

The field test for pH compares the colour of
a prepared sample of soil, plus colour indieator,
with a standard colour chart. It is not as
accurate as the laboratory method but provides
useful information for field use.

pH AND PLANT GROWTH.

Different plant species have fairly well
defined upper and lower pH limits outside
which they make poor growth or fail to grow.

Qats, for example, is much more tolerant of
acid conditions than barley and will grow quite
well down to a pH of 4.7.

Most plants grow best on slightly aeid soils,
and the pH range from 6.0-7.0 suits most erops.



Above: Applying the reagent to scil samples on the
palette. Seoil colour changes according te reaction.

USING A FIELD KIT TO TEST SOIL pH.

Below: Comparing the treated samples with the
. colour chart. Colours indicate extent of acidity or
alkalinity.

pH AND PLANT NUTRIENTS,

Soil reaction, or pH, has an cffect on the
availability of plant nutrients. Ifor cxample,
phosphate fixation, which makes phosphorus
unavailable to plants, is most marked in =oils
that are strongly acid or strongly alkaline.

The trace elements copper, zinc and man-
ganese are more readily availsble under aecid

" conditions, whereas molybdenum is more avail-

able where soils are alkaline. Manganese
deficiency, for example, is common in the cal-
careous soils of southern Yorke Peninsula,
lower Eyre Peninsula and near Mount Gambier;
and on the acid ironstone soils of Kangaroo
Island and the Southern Hills molvbdenum
deficiency oececurs.

pH AND FERTILIZERS,

The prolonged use of fertilizers tends to alter
the soil pH. Repeated dressings of superphos-
phate may bring about a slight increase in
acidity : and sulphate of ammonia has a pro-
nounced acidifying effect if used continually.

CHANGING SOIL pH.

The pH of a soil can be modified by applying
lime or sulphur, but this is costly.

In practice, sulphuring, or adding alum to
inerease acidity is only used in suburban gar-
dens for special purposss like growing Dblue-
flowered hydrangeas.

On the other hand liming to decrease acidity
is a recognised agricultural practice in many
countries, and it may have a bigger part to play
in the higher rainfall areas of thiz State.

At present, apart from the small amounts
applied in establishing lncerne and subter-
ranean clover on the acid sands of the South
Easgt, lime is seldom used in South Australia.

Some caution is needed in liming acid soils
which are low in trace elements, as iming raises
the pH and mskes most trace elemcnts, except
molybdenum, less available. Liming the iron-
stone soils of Kangaroo Istand for example, has
decreased acidity and caused symptoms of lime-
induced zine and mangancse deficiency in
clover.

pH is probably the most common soil measure-
ment made. Becapse of the close connection
between soil reaction, or pH, and many other soil
properties, it emables a good deal to be inferved

shout a paviicular soil from field examination.



ey to Good

Soil

IT is common to speak of farming practices “building up’’ or '‘depleting” the

soil,

What do we reaily mean by this? What are we building or depleting? The

answer in nearly every case is soil organic matter.

The five questions answered here by M. |. H. BROOKER, B.Ag.Sc., Soil
Conservation Officer, tell us just how great a part organic matter plays in keeping

soil fertile and workable.

WHAT ARE ORGANIC MATTER AND
HUMUS?

RGANIC matter consists of plant and
animal remains in all stages of decompo-
sitior, Certain portions which resist

decay in the soil and remain undecomposed are
called humus.

The amount of organic matter in the soil
differs from place to place depending on climate,
soil type and land use.

All soils contain some organic matter. The
amount ranges from less than 1 per cent in deep

sands to over 50 per cent in peat. The following '

table shows the organic matter content of some
South Australian soils:—

Orgaaic
Soil, Localify. Matter.
%
Peat .. .. .. .. .. RKHightMile Creek .. .. 60
Alluvial =oil .. .. .. River Murray Swamp .. 13
Ground-water rendzina Lower South-Hast .. .. 7
Flack earth .. .. .. Claremont .. .. .. .. &5
Red-brown earth .. .. Northern Cereal Areas 2.2
Mallee soil .. .. Murray Mallee .. .. 13
Deep sands .. Upper South-Fast . .. 0.8
Desert loam .. .. Northern Pastoral Areas 0.3

Beeause most plant and animal remains are
returned to the soil surface, the biggest concen-
tration of organiec matter is found in the top
few inches of the soil. This causes a darkening
in the surface and can be readily seen in the
top foot of a sandy profile. However, in some
solls, e.g., the black earths, the organie matter
extends further down the profile.
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WHY IS ORGANIC MATTER IMPORTANT?

The most important effect of organic matter
in soilg is to maintain physical conditions favour-
able for plant growth by improving thelr
structure and increasing their water-holding
capacity.

We all know that a heavy clay with a low
level of organic matter is hard to work and slow
to absorb water. Rain and irrigation water
tend to run off and are not absorbed. Clay soils
with adequate organic matter, on the other hand,
are porous, friable and generally well structured.
As a result, the soil can absorb water rapidly
and hold it for the use of plants. Such a soil
is well aerated, allowing good germination and
orowth of plants. Crumb structure also pre-
vents the formation of surface ecrusts which
inerease the risk of erosion on sloping country.

A disadvantage of light, sandy soils is that
water penetrates too fast. Their water holding
capacity is low, and nutrients are leached into
the subsoil away from the plant roots. Inereas-
ing the organic matter content of sandy soils
improves their water-holding capacity. Nutri-
ents also become attached to the organic matter,
thus keeping them in the root zone of the ylant.

Furthermore, organic matter or humus is a
reservoir of plant nutrients, particularly nitro-
gen. However, plants cannot nse the nitrogen
in humus—it must first be broken down by the
goil micro-organisms. Their waste produets
(which include soluble nitrates) are then
available to the plant.
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CONTRAST IN SOIL ORGANIC MATTER.

These photos.
deep sand and a black earth.

of the upper horizons of two soils show the contrast hetween the organic matter in a
The deep sand (left) shows only a staining of the top few inches by

organic matter, whereas the black earth {right) is rich in organic matter right down to the subsoil.

HOW IS ORGANIC MATTER LOST FROM
THE SOIL?

In a virgin soil, the organic matter is in a
state of balance, where the amount broken down
each year is about equal to that replaced by
rotting plants.

When such land is used for farming, the
balance is upset. The amount of organic matter
lost may be much greater than fthe amount
returned to the soil. With good farming, how-
ever, the organic matter level is kept as high as
possible while still making good use of the soil.

Organic matter is lost principally by frequent
cultivation and by keeping the soil bare for long
periods. Fallowing, when earried out with fre-
quent cultivations, results in a rapid decline of
organic matter. Cultivation aerates the soil,
and this greatly hastens the breakdown of
humus. The breakdown also results in the pro-
duction of soluble nitrogen, which is used hy
the following crop. However, this nitrogen is
obtained entirely from the so0il’s store of organic
matter. If this is not replenished, the level of
organic matter declines and future erops may
not have enough available nitrogen. The result
is a gradual decline in yields.

HOW CAN ORGANIC MATTER RBE
RETURNED TO THE SOIL?

Organic matter is returned to the soil by the
decay of plant tops and roots and by animal
dung and urine. The most effective way, then,
of restoring the organic level is by the use of
pastures or fodders grown for grazing. With
phalaris, for example, about 48 per cent of the
plant is available as feed and the remainder,
made up of roots and butts, is eventually
returned to the soil as organic matter. Where
clovers or lucerne can be grown the increase
may be as high as 5001b.-1,0001b. of organic
matter per acre each year.

This method is being used most effectively in.
some of the very infertile soils of our higher
rainfall country—for example, the deep sands
of the upper South-East.

In cereal areas, temporary pastures have a
similar role. Plougking in the crop stubble is
not enough on its own. The cereal straw has
some value in building soil organic matter, but

- these residues cannot be used immediately by
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the plants.

It is well known that some crops grow poorly
after a great bulk of straw has been ploughed



in. What is known as the ““garbon/nitrogen
retio’’ is involved here. Straw contains about
45 per cent carbon and 0.6 per cent nitrogen,
i.6., a ratio of 75:1. Humus, on the other hand,
has a ratio nearer 12:1. When straw with its
wide carbon/nitrogen ratio is ploughed in, the
miero-organisms which break down the regidues
into humus- use all the nitrogen in the siraw
for their own needs, and they also draw on the
nitrogen in the soil. Consequently, a crop grown
immediately after straw has been ploughed

"in shows the typical symptoms of nitrogen

deficiency—it is yellow, stunted and low
yielding.

In orchards and vineyards, the use of pastures
is only possible with some form of supple-
mentary irrigation. Cover ecrops such as
peas, tick beans and barley can be grown, pro-
vided nitrogen fertilizer is added, and provided
also that the crops are ploughed in while still
green. Clovers, on the other hand, when used
for cover crops, do not require nitrogen ferti-
lizer. Uunlike straw, which is low in nitrogen,
the clovers have a carbon/mitrogen ratio much
cloger to that of soil humus, As a result acute

nitrogen deficiency does not oceur. _

A common practice in Huropean countries is
to return farmyard manures to the soil. Under
our conditionsg, this is only possible on a minor
seale and then only in the intensive dairying
districts. However, the fact thai pastures are
orazed means that dung and urine are still

returned to the soil, though harrowing is some-
times necessary to spread the manure more
evenly. :

Organic manures sueh as blood and bone and
meatmeal are valuable sourees of plant nutri-
ents, mainly nitrogen. They also add to the
organic matter of the goil, but this is a secondary
effect. Their high cost restricts their use to
home gardens and intensive vegetable growing.

WHAT IS THE BEST WAY OF MAIN-
TAINING SOIL. ORGANIC MATTER?

Methods of maintaining soil organic matter
vary from distriet to distriet, depending on land
use. Where the land is chiefly used for grazing,
as in much of the country with more than a
20-inch rainfall, pasture management becomes
important. Suitable pasture mixtures and ade-
quate top dressing are essential if the organic
matter is to be increased. High grazing rates,
which result in bare soils and excessively short
pastures for much of the year, must be avoided.

Tn cereal areas, the maintenance of organic
matier depends on crop rotations which include
temporary pastures with a legume such as barrel
or subterranean clover. Iixperience over the
last 20 years has shown how wider rotations,
plus the use of elovers or lucerne, can stop the
decline in soil strueture and restore the orgamnic
matter to our wheat belt soils,

Fallow workines help to increase crop yields, but the repeated cultivation greaily hastens

the breakdown of organic matier and humus.
the balance.

an

Temporary pastures are needed to restore



In orchards and vineyards cover crops are the best means of returning organic matier to the soil,
a clover cover crop in a River Murray irrigated vineyard.

In vineyards and orchards, green manure
erops are the best way of preserving soil organic
matter. In non-irrigated areas such as the
Barossa Valley there may not be enough
moisture to meet the demands of both the cover
crop and the trees or vines. Then it is necessary
to turn in the cover crop by the end of the
winter, before the tree or vine makes its initial
spring growth.

This problem does not arise in the irrigated
areas. Iere, the practice of maintaining a

Photo. shows

permanent sod or pasture has been tried with
considerable suceess under some conditions,
although it cannot be used everywhere.

Regardless of how the land is used, soil
organic matter iz one of the key indicators of
soil fertility. Any kind of farming which brings
about a continuous decline in organic matter
can only result in lower yields and the appear-
anee of soil problems; whereas, if organic matter
is inereased or maintained, the fertility of the
soil is assured.



By W. M. CONLEY, Soil Conservation Olfficer,

THE term ’‘permeability”
through a soil. The permeability of the

rate, decides the rate at which soils can absorb water;

e o R e Lo T T

refers to the ease with which water can enter and move
surface soil, or in other words, the infiltration

but permeability of the soil

as a whole also includes its capacity to drain water.

If o soil is permeable to water it will also admit air and plant roots. Thus,
good soil permeability is important 1o plant growth.

WHAT ARE ITS EFFECTS ON F ARMING?

S well as influencing plant growth, soil
permeability has other effects on our
agriculture, notably in respect to run-off,

to irrigation and to salt problems.

Run-Off.

Soils with a low infiltration rate benefit less
from heavy rains. This is because they cannot
absorb the water quickly enmough. The water
aceumulates on the surface, and in sloping coun-
try it runs off. The result is erosion of the
topsoil; and, furthermore, some of the rainwater
runs down gullies or creeks and 1s wasted.

In many of the hard setting red brown carths
of the upper and mid-north, lack of rain is the
main factor restricting erop and pasture growth.
In these areas any improvemeni in surface
permeability means less rainwater wasted as run-
off.

Trrigation.

Irrigated soils need good permeability not
only at the surface but—even more important—
in the sub-surface layers, as this ensures guick
removal of exccss water.

An impermeable layer beneath the surface
makes gome soils almost useless for irrigation.

An example of this is the so-called “solidised -

solonetz’’ soil—usually a sand or sandy loam
overlying a heavy, poorly structured elay. Such
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dense clay lavers make satisfactory irrigation
impossible. _

When water reaches the impermeable layer
it can only drain away very slowly. The water
therefore accumulates in the soil above. In
extreme cases, where water cannol escape either
downwards or sideways, a ‘‘perched’ water
table is formed. The soil pores of the watcr-
logged zone become filled with water to the
exclusion of air. Under these conditions plants
soon become unhealthy and eventually die.
Lmecerne is particularly susceptible to water-
logging.

Another ontecome of poor permeability is the
development of certain salt patches, the root of
the problem being a poorly drained or imperme-
able subsoil. On sloping land, waier seeps down-
hill on top of the clay layer, carrying salts
which arc present in the soil as it goes.

The salt laden water eventually drains into
iow lying areas, and when these have an
impermeable layer, water builds up near the sur-
face. Then, during the hot weather, the water
evaporates, leaving the salt behind. The con-
centration of salt gradually inereases over the
vears. Eventually it becomes so high that plants
cannot grow—and a barren salt pateh is formed.

WHAT MAKES A SOIL PERMEABLE?

‘What makes a soil permeable or impermeable?
Usually it is a combination of texture and
giructure. :



Texture,

The term ‘‘texture’’ refers to the fineness or
coarseness of the soil particles. A sandy soil
absorbs water rapidly and has good perme-
ability. This is because sandy soils are made up
of large particles, which leave plenty of large
pore spaces for easy percolation of water.

On the other hand, a heavy soil has small
particles which often pack together tightly.
Thesel soils have many pores, but seldom are they
big enough to allow easy movemént of water.

" Struciure.

Good structure is a factor which can offset the
tendency of heavy soils to have poor perme-
ability. :

In a well structured soil many of its particles
are bound together into small crumbs or aggre-
gates which make the soil porous. The binding
effect is caused by certain types of eclay and by
organic matter,

Other soils, such as the black earths, develop
deep cracks on drying out. These soils can
absorb very large quantities of water until the
soil becomes thoroughly wet and the cracks seal.
‘When this happens the permeability of the soil
becomes very low and they are then sticky and
difficult to work.

The Infiltrometer, a device for measuring infiltration
rates and hence soil permeability.

As the soil absorbs water from the ring set into
the ground, the level of water in the reservoir tank

draps. The level in this tank is measured at half-
hourly intervals. In this way the apparatus
measures the rate at which the soil absorbs water.

[Aust, Jnl. dgric. Science.]
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WHAT CAN THE FARMER DO ABOUT
PERMEABILITY?

Thus far we have discussed the effects of
permeability and the things that affect it. The
next question is ‘““What can the farmer do
towards improving or maintaining the perme-
ability of his soil?’’

As far as the subsoil is concerned he can do
little.  Subsoiling or deep tilage is seldom a
practical proposition. But he ean do something
about the top soil, particularly the top few
inches where cultivation and root growth have
their greatest effects. Tillage, rotations and
plant cover all come into this.

Cultivation,

Repeated cultivation breaks down soil strue-
ture by destroying organic matter and breaking
up the soil erumbs. We all know that soils which
are cultivated too often become very prone to
crusting or surface sealing after a rain. When
raindrops strike the poorly structured surface
they break up granules and pack soil particles
closer together. Water then carries these
smaller particles into the soil. Here they are
trapped and eventually block the pores.

When these soils dry out, they have a thin
erust or surface seal. This not only reduces
the permeability of the soil surface but may
have a bad effect on germination of cereals or
pasture plants.

Moderate tillage, then, is one way of main-
taining the infiltration rate.

Rotations.

Suitable rotations are the best way to offset
the destructive effects of enltivation. Some soilg
can be cropped every other year quite safely.
Others are naturally poorly structured and need
a longer term under pasture. The pasture phase
of the rotation builds up soil structure by adding
organic matter, mainly in the form of plant
roots.

The ideal rotation for any one area, then,
cdlepends on many factors—soil type, slope, rain-
fall and whether soil strueture is being main-
tained or not.

Surface Cover.

A good cover of plants protects the soil from
the pounding action of raindrops. Leaves and
stems intercept the rain so that it reaches the
soil surface only as a gentle trickle of clear
water. This prevents the soil pores from being
blocked with mud and preserves the permeability
of the surface.



@

&

by J. S. POTTER, B.AgSc.

Soil Conservation Officer, Jamestown

SOILS contain sand, silt and clay. The amount of any one of these materials varies

from one soil to another and thereby affects the soil's characteristics.

Of the three, clay has the greatest effect.

It is a substance with @ number

of peculiar properties, which enable it to exert an important influence on—

® The amount of water which can be stored in the soil.

@ The amount of water available to plants.

@ The storage of many of the plants’ foods.

® Soil structure and erodibility.

@ Ease of cultivation.

PROPERTIES OF CLAY.

Clay is a specific soil particle of definite size,
shape and composition.

. Size.
Clay particles are extremely small. The larg-
est of them are less than 1/12,000 of an inch in
diameter.

They are so small that when shaken in water
and allowed to stand most of the particles do
not settle out but remain suspended. This is
why dam water stays muddy after it has been
stirred up.

Fortunately it is possible to get the particles
out of suspension. Certain chemicals when
added to the water eause the particles to flock
together so that their ceombined weight causes
them to sink to the bottom. For instance, by
adding alum to muddy dams we can malke the
particles settle out and leave the water clear.
This process is called flocculation.

Many of our soils contain plenty of these
floceulating chemieals, especially ealcium com-
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pounds, so the clay oceurs in a flocculated state.
Not only is it held together itself but it also
helps to bind sand and silt particles together as
well. 8o, even though clay particles are very
small, they are often found naturally bound
together into erumbs. '

It should be the aim of all cultivation prac-
tices to retain these crumbs so that the soil
strueture is preserved. Excessive cultivation
tends to break up the crumbs inte individual
particles, so producing poor structure.

Common salt also tends to disperse the clay
particles, and therefore poor structure is a com-
mon fault of sodium clays. These clays can be
improved if the sodium on the clay particles is
replaced by ecaleium. This is what happens
when gypsum is used as a soil amendment to
improve the structure of irrigated soils.

Shape.

Clay particles are not round. They are flat
erystals made up of many thin sheets.which are
tied firmly together by either hydrogen atoms
or water molecules.



Composition.

A clay particle is a very complex mineral.
Fach sheet of the crystal has a framework of
tightly packed oxygen atoms into which fit atoms
of silicon, aluminium or iron.

The number and the arrangement of these
atoms varies from one type of clay mineral to
the next. This shows up in the eolour and
gtrueture of the clay in the field.

For example, high silicon clays are usually
grey, sticky and compact, whereas clays high
in aluminium and iron are usually red, porous,
and friable.

The type of clay mineral also decides the
clay’s ability to absorb and hold water and to
hold plant nutrients. These aspects will be dis-
cussed later.

THE EFFECTS OF CLAY IN THE SOIL.
Texture.

The amount of ¢lay in soils varies congiderably
and has a big influence on goil texture.

There is some clay in all soils, e.g.—

A sand may contain 0-2 per cent clay.

A sandy loam may contain 8-21 per cent
clay.

A loam may contain 10-26 per cent clay.

A clay-loam may contain 21-40 per cent clay.

A clay soil containg more than 31 per cent
clay.

The amount of clay also varies with depth.
The subsoil usually has more, because the fine
clay particles have heen washed down by rain
over the years. '

CLAY CRYSTALS UNDER THE MICROSCOPE.
The photograph shows the thin, rod-like shape of the individual particles of a clay from central ‘Australia. It
was taken with an electron microscope having a magnification of approximately x 10,000, and the clay was sus-

pended in liguid (in other words, muddy water}.

As can be seen,

the clay particles are definitely crystalline.

Gther types of clay show different crystal shapes and are often more disc-like than these,

[Phato.: Physies Depariment, University of Adelaide.]
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Water Storage.

Although the sheets of the clay erystal are tied
firmly together, water is still able to get in
between them. This means that soils with a high
clay content have a lot more space to store
water than those which are mostly sand, because

sand erystals are solid and ecannot take up
water,

However, all this stored water is not readily
available to plants. Clay tends to hold back
quite a lot of water from the plants’ roots.
Furthermore, once the soil is dry it takes
a considerable amount of rain before the elay’s
requirements are met and there is any available
for plants. On the other hand, sandy soils give
up their moisture easily, and plants growing
in them can make use of even a very light rain.

Fertility.

Clay particles have a big bearing on a soil’s
capacity for storing plant nutrients. This comes
about because they have a strong negative
charge. Many of the plants’ foods in the soil
solution have a positive charge. These cations,
as they are called, are attracted and held by

the eclay particle. This attraction is strong
enough to prevent water washing the nutrients
beyond the plant’s reach. The main cations held
are caleium, magnesium, potassium, sodium and
hydrogen.

Nutrients can only be removed from the elay’s
surface if there are other cations to replace
them. Plant roots get food from the clay in this
manner; they replace the cation they need with
another which they have in excess. This is
known as cation exchange.

The clay mineral, then, plays an important
part in supplying the plant with some of its
egsential foods. The more ¢lay there is in the
soil the more of these foods can be stored for
future plant use.

The type of clay also has -an important
bearing on how much food can be stored.
Suffice it to say here that the eclay minerals
associated with the black earths and red
brown earths of the Lower North can store
more plant foods (have a higher eation exchange
capacity) than, say, the clay minerals of the

ironstone soils of Kangaroo Island and the pod-

solic hills soils.
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Fig. l.—Diagram of a vertical section of a clay mineral which occurs cmﬁmonly in sails, It

shows two crystal units which are loosely held together.

as A) iz wvariable.
apart.

The distance between the units (shown

As water is added to the soil it is absorbed between the units, pushing them
The distances at A are increased and the clay as a whole swells.
by evaporation or used by plants, so the units come together again and the clay shrinks.

As water is removed
The

large surface area, both external and internal, enables great amounts of plant nutrients (catfons)

te be held.

Seils containing this clay mineral are, as a result, usually fertile.

26



Ease of Working,

Soils high in ¢lay are usually stiff and heavy
to work. This is because they become mould-
able, or plastic, when a certain amount of water
enters between the sheets of the crystal. Plas-
tieity varies from one clay to the next. Grey
clays are highly plastic and most diffeult fo
work, but red clays are usually more friable and
easier to work. :

Swelling and Shrinkage.

Clay swells when wet because water enters
between the sheets of the erystal. = Conversely,
when it dries out it shrinks.” In some soils we
see the effect of shrinkage as large cracks in
the ground.

This property is most marked in our “Bay of
Biscay™ soils, which have these properties of
shrinking and swelling to such a marked degree
that they are unsuitable for building unless
special foundations are used.

CONCLUSION,

A farmer must accept the fact that he cannot
change the amount of clay in his soil or alter
1ts composition. He can however, modify its
effects somewhat by using amendments such as
gypsum or by ecarrying out practices which
inerease or decrease organic matter content of
the soil. But in most cages all he can do is
recognize how clay affects the properties of hig
soil and learn to farm his land accordingly.
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instrument for measuring the
e soil is dispersed in
After the
silt have settled out,

The plummet balance—an
percentage of clay in soils. Th
water (as in the glass cylinders shown here).
larger soil particles of sand and
the plummet is inserted, and the percentage of clay
cazn then be read on the scale. Cylinder at Ieft contains
@ soil with a large amount of clay. Cylinder at right
contains soil with little clay. The principle involved is
the increase in density of the suspension as the amount
of clay increases.
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