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Foreword

been l.\rjucu by Dr Janice Corbett at the
1 the Geography Teachers’ Association of

to provide teachers, university students
schools with basic information which

because she recently
thesis in the School of
gy and mineralogy

has generously
rs, both at refresher
and Universities and
»m such activities she
er audiences’ knowledge
has revealed to her the
1 students who need ready
the soil types of Australia.
ind climatology, research
ritical of the information
ks, Their criticisms are
hasised while the soil-forming
; that soil profile models are
ere examples rather than on
t the various soil classifications

has oreanised The Living Soil so that thc;c is a
it of concepts and skills associated with the
field. Her early chapters progress from the
ientary soil-forming pra:es;es interpreted from field soil
ies to the problems of soil classification; then thcre_?r:‘
hapters which discuss selected Great Soil _Grogps clasm}l::e!
according to the principal formal processes of _sml formation;
finally. there is a study of relict soils in Australia. A compre-
hensive Glossary of terms has been added, and this should be most
helpful to students.
In Australia today,
approach to the soil is rising rapidly.

awareness of the value of a scns:nu_ﬁ.:
Not only is soil study a major
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- Bat schools. eges and universities are t}cvouﬂg
s ml] students with a theoretical and

in New South Wales are,

to %
ﬁg issued vernment sources with a
ﬂ::-mxiy of soil itm ggld. (Dr Corbett’s second
s how to use such a kit.) :
bett’s book therefore makes a timely as well as an
contribution; indeed, it may be regarded as the most
study of soils now available. Very usei_u]ly,
able to draw on the proceedings of the 9th Ime_mauonul
ss. held in Adelaide in 1968. While the book is sure to
interest in soil-study among students of geography, geology
iculture, it should also assist intelligent laymen in various
as farming and conservation.
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seemed to them more interesting matters, such
astronomy, and they left the soil to the
analyse and study
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pes But the erate peasant could not
1ss on his small know
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travel in earlier nmMES
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1 camparison of soils; moreover, such com-
. Blﬂm because p.rcflougcd'. repeated
destroyed many of the original soil features.
e ntist Columella, dealt with soils at l;ngtlz in his
” w compiled in 50 A.p., but he was
st . eu;P;I of soil management and
2L independent general study of soils;
il :% to the soils of the Ttalian Peninsula.
& at the time of the French Revolution,
again di towards soil fertility. This was pa_rgiy
. that populaﬁon was growing more rapidly
qgﬁ&mml m&mm 02 cr';}j;s revealed ti;ut ]thct_v
in elements from soil. The growing of plants
oil but in water ining nutrients (the study of this is
;ﬂ' mm) revealed that many elements were
plants duri their growth. Because of these studies,
e 1o be regarded as a storehouse for plant nutrients,
extracting the nutrients as required, thus depleting the
idea, though widely accepted at the time, failed to
differences inherent in soils in the first place—why
were productive and others were not. It also failed to
certain soils, ially the alluvials, could be culti-
ally
asly and yet remained fertile, while others became
after just a few crops. The soil was soon found 1o
% complex for a simple ‘balance sheet’ theory; morcover.
iy soil studies in Europe tended to pay too much attention to
: at the expense of study of the soil itself.
BOt surprising that the study of soil as a natural
Rm m the El_nphasis was on the develop-
-0‘ new territory exhibiting diverse vege-
ate. It Was possible for Russian scientists to
: State because of the existence of
m 50il (soil that has not been ploughed).
il b':;m up of horizons which are related
. ' the underlying parent material. Previously
& E::ld 83 @ separate geological stratum.
% T, a8 a natural body evolved a new
study of the morphology and genesis

(1846-1903),

g

who is often referred to as
. “}E relationship between

formati : S Is referred to as the
m ?'Iﬂ his famous book, The
avy black sy ¢ oo he noted that the
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was always associated with grassland vegetation. He saw that the
chernozem is not a separate geological stratum, as was previously
believed, but is fou_nd_ under grassland on many parent materials,
between narrow limits of precipitation and evaporation, He
considered that the chernozem and its grassland were intimately
related. Dokuchaev also studied the soils of the great coniferous
forests of Russia and was able to explain the peculiar ash-grey
bleached layer immediately below the dark mineral layer in the
forest soils. He related this layer to those above and below it,
to the moist climate and to the forest vegetation. He was thus
able to account for it not as a separate entity but as an integral
part of a sequence of layers which constitute a soil termed 2
podzol (from a Russian word meaning ‘ash-grey,’ ‘ashes under-
neath’). The podzol and the chenozem clearly illustrated the
role of climate in soil formation; this led later Russian pedologists
to emphasise the zonal theory of soils which relates soil zones to
climatic zones. Whilst they stressed the role of climate in
accounting for soil diversity, they also recognised that there were
soils which, because of some peculiar geological stratum or vege-
tation or drainage condition, did not develop normally for their
climatic zone. These they called intrazonal soils.

The Russian pedological works were not translated into English
for about thirty years. During this period, soil studies in the
United States were developing independently, They had a strong
geological bias since most of the work was done by the United
States Geological Survey: at the turn of the century, American
geological maps sufficed for soil maps, and the role of climate in
the development of soils received little attention. C. F. Marbut
(1863-1935) translated some of the Russian pedological studies
in 1914, but he considered both the climatic (zonal) and geo-
logical classifications of soils inadequate as he believed soil to be
& complex natural body evolved from underlying parent rock but
different from it because of the influence of climate and organisms.
He contended that only soil properties could provide a satisfactory
basis for the classification and study of soils. His classification,
the first based solely on soil properties instead of on climate or
geology, was presented at the First International Conference in
Soil Science, in 1927.

ChPedoIogy. then, relative to sciences such as t&amﬂnm g
emistry, is a young science. Its province, the genesis

morphology of so)ill. fogrms only a small part of the broader field
called Soil Science which embraces all aspects of the
soil. Agricultural students study the general field of st':il N
including pedology, soil physics (the study of the soil's ph

Properties such as pore space, water movements, density, tempera-

i
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N yi iLw'ma m" .
e soil’s chemical propertics
- {&Mmﬁg:hfhe soil, mineral weathering,
o moven dum:ihwlﬂ air and mineral matter), soil
‘ “* ‘the stﬁ”s living popula:ion, both flora
e dmd nutrition (the study of the
and soil mineralogy (the study of soils
. : ;). These fields rely heavily on ;m:h im!_m;
* M Sologs soil chemical or mineralogica

e ,oﬂmg,u‘:bo!ogy or a soil chemist may
T ; . This book is mainly concerned
which is sometimes referred to as ‘the study of
1d Sin:a in pedology soils are related to their
{u'maﬁm. this aspect of soil science is the most
or geographers. A knowledge of pedology is basic to many
geography, especially physical geography.

DEFINITION OF SOIL

ance in X depended on the realisation that soil is a
“body min response o atmospheric forces I

1 from its parent material. So, to the pcdnlngist. soil 18

different from many other weathered deposits covering
: i ists, on the other hand, tend to re

), and in dust deposited by the wind (loess). Are ¢
regarded as soil? They certainly support plant life
e none of the features which directed the attention of
10 soil as a natural body. The essential feat
ed as a natural body, are the horizons which reflect
e forces on weathered material. Mosses
P h“::kw‘ but if exposure to the atmosphere
X mﬂ:er vegetation will become more
e ually soil borizons will develop. Similarly. if
:?ﬁum remain long enough as stable surface
mm_ dlﬂﬂeﬂhaled mto soil horizons.
hﬂﬁemm'j.m il response to atmospheric
all other forming processes, They make
: u:hw materials,

bmz alluvium m%)&lso contain layers,
deposition, m_lﬁ rees and arise from
Layers m‘omﬂunomﬂunlike the
fa and inde-
ol ‘hpq::th may sgonmm sand
ted to their Contamn silt and clay.
4 1o their source material rather than to
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their place of dcpqsition, Soil horizons are only partly related to
their parent material: many properties are more closely affiliated
with the environment of formation. Pedologists refer to the lavers
in soils as Jiorizons to distinguish them from the layers of other
deposits. Soil horizons are related to each other and to the
underlying parent material, which may be rock, alluvium, loess or
any other non-consolidated deposit.

The soil-forming processes which cause this transformation into
horizons are many and varied. Certain processes are common to
many soils (i tance, the decomposition of organic matter and

its inc 1ito the profile) while others are restricted to
certain soil ty (for instance, the leaching of silica in lateritic
soils). The of clay particles from the topsoil to the

yrocess which is found in many soils
s removal of clay leaves the topsoil
while the subsoil becomes enriched with clay.
of the topsoil is directly related to the
oil, and the amount of clay present in
ntrolled by composition of the parent
titute a unit, so that material removed
be deposited into another horizon either
mobilisation of clay presupposes a
y could occur as soon as alluvium
The mobilisation of constituents from
ition into the subsoil causes alluvium to
ons. and once this has occurred, the
; may be referred to as soil. The layers
ected by the soil-forming processes are still
| may continue for many feet in depth.

id

resh rock, the mobilisation of clay cannot pro-
rv rock minerals have changed chemically into
so weathering operates concurrently with the
horizon differentiation. In fact, many pedolo-
cal and chemical weathering in their list of soil-

+] 1
§ Inciude

|
fc;miing proce

physi
2SSES.

In order to distinguish soil from all other weathered materials

such as those described above, a definition must be chosen tf::t
will include the horizons which develop in the COMR® t";l; 49;
soil-forming processes. One such definition is that of Joffe ( g
who regards soil as weathered material m genem'affy ri!her
horizons; this indicates that the soil horizons form d“’g xwd’
distinguishing them from other layers, which may be c?‘: g
quite independently, in other weathered materials Suc
alluvium,
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s in the is of soil horizons is vital, Some

Jaim that m formation is dependent on the
etation, and that without it, a soil will not form,
true in dune sands which will not deve]op a
getation stabilises them, enabling the upper
P ened by organic matter. However, in theory,
envisage the translocation of clay from the topsoil to
| without the of organic matter. Such cases
orss. bo y to occur in nature, as once a surface
_and water is available vegetation soon moves in.
of soil may therefore be modified to include the
soil is weathered mineral and organic matter found

HORIZONS AND THE SOIL PROFILE

‘of horizons down to and including the parent
ed to as a soil profile. This term is generally
which are known to be all part of a single
nee of older, buried soils is overlain by the
the sequence may be referred to as a series of

consists of two parts, the solum and the
aterial. The solum is the horizons which have
the parent material by the processes of soil
fore have their own organisation and differ
parent material. Beneath the solum there is
léred parent material which is too deep to
solum horizons, but which is weathered.
parent material is found even in soils
ying rock and is often much deeper than
€red parent material is not sorted into
fresh rock than the solum in its
of weathering from the top of the
Ted to as regolith. These features

of the soil profile is one of the
cdologist: it requires a thorough
 of soil fomanﬁand the relation-
o systems for the designation
"8 most of these, the letters used for
: €S of constituents through the
€ genetic relationship between the

nction to be made is between
:‘lﬂ horizons that have gained
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the former are termed eluvial horizons from Latin
words meaning ‘washed out of and the latter are termed :Huw::
horizons from Latin words mcaning ‘wast_red into’. The remov

of constituents from the upper soil horizons is refcrrcd'm as
chuviation and the deposition of some of the giuymtcd constituents
into lower soil horizons is referred to as illuviation. Most systems
of designating soil horizons use the letter A for the eluvial horizons
and the letter B for the illuvial horizons. Clay, iron, humus and
lime are the most commonly eluviated and illuviated constituents
so that the 4 and B horizons may be subdivided on the b@sis of
properties which refiect the movements of these constituents.
Many systems of suffixes are used for the major horizons—some
countries use numbers, others letters, and others both numbers
and letters, resulting in a great deal of confusion in soils literature.

The Food and Agriculture Organization of the United Nations
and the United Nations Educational, Scientific & Cultural
Organization (referred to hereafter as FAO and UNESCO) which
are preparing maps of world soils, and the International Society
of Soil Science have for some time been concerned about the
confusion caused by the various systems used for designating soil
horizons and the resultant difficulty in communication between
pedologists. i

A proposal for an international system of designating soil
horizons was put forward in 1966 and modified in 1967. The
modification was discussed at the 9th International Conference in
Soil Science (Adelaide, August 1968). Yet to be finalised, this
system is indeed a simple one and, like most other systems, it
depends greatly on the movement of constituents through the soil
profile and uses the letters 4 and B for the eluvial and illuvial
horizons respectively. However, additional letters are used for the
major soil horizons: these letters are abbreviations of meaningful
words and so are easy to remember.

The letters proposed for the major horizons in the 1968 draft
of the International system are as follows, from the top of the
profile down (but G can occur anywhere and K can occur in
B or C horizons):

0

constituents:

horizons consisting mainly of organic matter! from the
Vvegetation; accumulates under conditions of free aeration

A eluvial horizons consisting mainly of mineral matter mixed
with some humified organic matter?

1 The organic matter content must i i
clayey and 20% if the soil s sy o o0 30% if the soil is

2 The organic matter content must :
dayeyandzoesirmcmui,mhmms“ if the soil is

il < .
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v eluviated horiznn.s_h‘a'mﬂ_g‘
matter and/or iron and/or C’-”,“i:“‘f‘_’ ;
peath; usually pale colourc_d and .'“.;"] i
fituvial horizons characterised by :
jron Or organic MAatier, alone or in €O _
may accumulate, but if the accumulation 1
]en}:r K is used ot =
horizons containing appreciable’ carbonaic
mainly lime or calcium carbonate) ‘
sleved horizons which form under reduc
with impeded aeration. reflected in bl

greyish colours . :
weathered parent material lacking the
solum and more like the fresh parent
consolidated bedrock.
Horizons which are transitional betw
may be designated by both the letters of the
first letter marking the major horizon to wi
horizon is most like, e.g, EB or BE. Mixc
designated by both the letters of the
a stroke, e.g.. E/B, B/C.
Numbers or letters, or both, can be
major horizons. The pedologist may merel
using numbers in continuous scqu;‘écu from the
Al, A2, B1, B2, B3. I, however, the pedologi
genetic processes operating within the soil, h
suffixes which are abbreviations of mean
humus (h) and fermented (), e.g., OFf, Oh.
R of !‘he genesis of every horizon or if the
m with the same major letter and st both
o “P:ss:;cusghc:.{.ﬂgua, A2h, Blfe, B2fe.
ool s suffixes are used, rather

€5, in order to stress the genetic significance

dc;he proposed suffixes for the Intern

- ernational system
gnation are: aionat system

for the accumulation of or

He: ganic matter:
: fresh accumulat N s
Jeaf litter ation of :F‘Mm]

!

accu

fermented, partly decomposed | O e

organic litter free

humus, we | : drainage
{can be :]sl difd?mp organic matter | and
PPlied 10 O, A or B horizons) | acration

horizons

Loty % before the letter
€a) is used,

SOIL AND SOIL SCIENCI

~entage of sodium

a high pH—see

al accumulation of clay

g) accumulation of

| to any buried horizons

mottling reflecting variations in oxidation
n a result of periodic wetness: not
tion to warrant use of major letter G

strong cementation or induration
disturbed by ploughing or other tillage practices

ipan (a hardpan cemented by colloids).

ypical sequence of soil horizons which could be found in

ed soils is shown in Fig. 1.1, which illustrates the

\tional system of horizon designation.
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decomposed leaf litter
g;‘ ﬁl"d.mpoud leaf litter
oA transition  between organic mat and
first mineral horizon

{g{ frash leaf linter

Ah weakly leached horizon with humus
eluvisl lation
horizons ﬂrmmumu hori light in
L E gly leached horizon, lig
¥ colour
“ strong humus enrichment

flluvial strong iron enrichment :
- strong iron enrichment with mottling

due to periodic wetness
(=} transition between illuvial horizons of
L solum and weathering rock

i weathered C altered rock, with rock structure
' parent preserved
material

bedrock R fresh rock

! -_i.‘li The soil horizons. (The designations are those of the
- Proposed International System.)
sree of subdivision of a soil into horizons, together with
to a certain extent on the eye and the
pedologist. In the field, a careful description of the
‘may reveal three or four horizons, distinguished mainly
 colour and structure. Laboratory analyses of samples
may reveal differences in chemical composition
these horizons and so lead to further subdivision.

International system is used, additional suffixes
d without any change in the major letters.

THE SOIL-FORMING PROCESSES

to the study of the soil is an understanding of the
, which bring about horizon differentiation. It should be
some of the soil-forming processes when you
mm realise at the outset that the soil is
ind that these processes are going on all the time.
‘the soil horizons would soongolos% their character
would degenerate, because new materials are
to the soil. For example, if the process of
the o matter added by plant decay
m preventing the movement of the
5 and forming a peat rather than a soil.
iption should reveal the action of these
m and accumulation of constituents
ecks when he describes a soil profile.

..i‘
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- 'I'hc-] soiI-forminlja proce?scs may be considered at various levels,
rom the apparently simple, single processes to

multiple processes. Although %hcsg processes ‘:riwmd?m?“g::;
of the chapters on the Great Soil Groups (Chapters 7 to 12)

some of the single processes are mentioned here to dcmunstmu;
the dynamic nature of soil. The soil-forming processes are the
reason for the title of this book, The Living Soil. The more formal
processes, such as laterisation or podzolisation, are described in
later chapters in their appropriate Great Soil Groups (lateritic
soils and podzols, respectively). These processes, which are select
combinations of several single processes are restricted to a few soil
types, whereas each single process covers a wide range of soil
types. Thus the formal processes may be regarded as a combina-
tion of many single processes which can be enumerated separately,
but which occur concurrently and sometimes even in combination
in the soil. However, in the field, these may be seen as single,
separate processes in the soil. An example to illustrate the various
levels of complexity of soil-forming processes can be taken from
the illuviation of constituents in podzolic soils.

Dark brown and black colours in soils usually originate from
organic compounds, and red and yellow colours from iron com-
pounds. The Bh horizon of many podzolic soils is dark brown or
black indicating illuviation of humus from the A4 and E horizons,
while the Bfe horizon is often reddish-yellow indicating illuviation
of iron from the A and E horizons, The Bh and Bfe horizons may
also contain appreciable quantities of clay illuviated from the 4
and E horizons. One might be tempted to consider the illuviation
of iron and humus as separate processes, but it has long been
known in pedology that iron and humus are frequently m
and deposited together. Laboratory analyses of Bh horizons of
podzolic soils usually reveal quite high concentrations of iron as
well as humus, but in the field the dark colour of the humus
masks the lighter colour of the iron. So, though profile descrip-
tion may reveal apparently single processes, ﬁw.smdem must
realise that they probably operate in conjunction with other pro-
cesses: for example, in podzolic soils the bases are depleted at the
same time as the translocation of the iron, clay and humus. _

smaller nemica
composiﬂon. Weamen;}:g mmmn er rocks and rock ;:;
ticles are exposed to atm ; it is con [
non-soil materials alike. The term 'wwhuim' qﬂﬂ;n m
and varied processes. These are discussed in Chapter 3 Whic

|
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| matter. At this stage, it should be

i

12
with the soil's minera
Mumd that weathering pmvidcs the open or porous 5{1'I1:-_':

emove the mot

COn-

which water can pcncu'am to ; : .
stuents of the soil, some of whi_ch are d;_rccu_\' _tlnc_ it of
thering in their prtsenl pQSI_llon during sou formati
Weathering and horizon differentiation prc ceed concurrently
they are closely inter-related; sometimes the rate of soil for
’ on the rate of weathering, especially in soils derived fi
fresh rock. Many textbooks, however, separate weatheri
horizon differentiation. They do so in order to simplify th
iption of these processes; but remember that in soil
from rocks differentiation into horizons cannot proceed
weathering. In soils from unconsolidated parent
weathcnnrg accompanies soil formation, even though the |
material is pr:-weamercd.

Perhaps the most important processes causing horizon
tiation are those grouped under the term
operates to some extent in all soils and is ft
more complex, multiple soil-forming processes
podzolisation and calcification. It means t
stituents from the soil by water, and is th
humid areas and least effective in dny
leaching appear as single processes,
constituents can be detected in the f

Soil constituents offer varied resistances to leaching. 5
elements, such as silicon, resist leac Juit 1l ler
conditions, while others, such as sodium, ar
under all but the driest conditions. It is fort
toxic to plants are those that leach most
If some of the salts (especially sodium
leach from common rock constituents,
possible in many soils because even smal
salts are toxic.

But not all leaching is beneficial. Excessive leaching robs ma
s0ills of essential plant nutrients which can only be acte

IS in the soluble form—the very form in which
- ::dfrom the soil. Huge quamitfcs of nitrogenous fer
o:::’i'l}'njy;zer}i;vfgciﬁ in order to offset the natur:

B thet would be all (e bctzi:ng.f On the other ha_a:!.-\,-', l_ht'r‘.: are
) & For example, in tro _:a}OI greater Icachm_g of certain
Samitiem form com l]cxes ‘E{ . re(_:l soils, excessive iron and
_ ol amcfx ith soil phosphates, causing a
deficiency nt of soluble phosphorus available for

B The productivity of thess aui :
mm and alu:n:umm - soils would increase if there were
ium, though these elements, unlike salt, are
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L-:ac!_‘ ng may arbitrarily be divided into two types
on W Iic_th-.'r or not the leached conmstituents are P::-
in the soil profile. The first type involves the \'.‘umialclc
f the Ic-:::kl‘ituullls from the soil by drainage water, while
involves the removal of constituents from some hi:)l'i?nﬂS
sition in others, that is, eluviation and ;lluviau:_rrl:.

lation are not the only movements of soil
e profile: in some soils, especially where
season, constituents move up the profile
For example, salt may concentrate at
y capillary rise in a long dry
ic soils (described in Chhnptc'r
rise of iron and aluminium
> and their deposition near

the soil dries.

may be divided
i solubility. lons,
(anions) charged
, and Sc concentration
] f the source material.
he sodium ion, Na+)
, NH,*) are extremely
t are also quite small,
heir enormous surface
nsion (as distinct
ike ions, may move
it they are less likely
e than are ions, many

zatively

g the ering of primary rock
n (Na+) and calcium (Ca*+¥) derive
form during the humification process;
(NH,+) and phosphate (e.g., H:POs™)-
from pases dissolved in the soil; for
te ion (COs*—) derives from dissolved
ons may leave the soil in drainage waters or
soil colloids (see Chapter 3). The ease of removal
1S v soil depends firstly on the solubility of compounds
fr h they are derived, and secondly on the pature of other
jons with which they could combine. Sodium is easily removed
most sodium compounds such as sodium chloride and

because

4 A cube of material cut into particles 1 mm acm&sllsand size) has a
surface area of 60 sq. cm: but cut into particles 1/10,000 mm acTOSS
{clay size) has a surface area of 600.000 sq. cm.




L
although some calcium compounds
m%itrbonﬂe and nitrate) othergo have
e.0.. calcium carbonate and sulphate).
o eetedos of chemistry, especially of the
‘various common constituents of soil, will enable
e ease of removal of soil constituents. If you do
e, the following generalisatu;ns maﬁ helpl;
hat removal of elements from the soi
'@&lﬂ: tt;: conditions within the soil. The alkali
and potassium) are the most readily leached of
soil constituents. Next are the alkaline earths
W agnesium). These two groups are very thoroughly
from the soils of wet regions (lateritic and podzolic soils).
are fairly insoluble, but under certain con-
_ as those existing in lateritic soils, silicon may be
d as silicic acid. The elements most resistant to leaching
‘aluminium, manganese and titanium; although they are
ed in ionic form by the weathering of many primary
Us (e.g., olivine, magnetite), they form very insoluble com-
with oxygen and water. These compounds are termed the
and are found in most soils, but they are highly
ted in lateritic soils (soils of hot, wet regions) where
the other constituents have been leached. The order of
‘be generalised as:
B o)
soils of very wet, hot regions are dominated by the
The soils of humid, cooler regions, where there is
e leaching, contain a great deal of silicon compounds,

Squioxi but few bases (the alkali and alkaline
- The soils of semi-arid regions contain considerable
‘magnesium compounds but not a great deal of sodium
while the soils of arid regions (%f;?:?x have a ‘salting’

e ions in the soil adhere to the colloids. Many
lower in the soil profile; for example,
ound in the B horizons of
which are often whitish, are easily
+ Whereas actual jons are not easily traced.
Mm’e_lranshmedthrough the soil are
Btect ﬁ‘;ﬂe clays and organic colloids (sce
through the soil to be
: orizons. m;vs appear as shiny glis-
" gregates in the horizons in which they
HUACES, very prominent in the field,
all clay skins arise from the deposition

SOIL AND SOIL SCIENCE

of constituents eluviated from upper horizons

the deposition of constituents wlzpr;in the honms:“;:u;m&g
solution as the water dries, Clay skins are usually quite con-
spicuous in wet soils, especially when they differ in colour from
the host soil material. Silicate clay skins are usually coloured
iron deposited with the silicate clay. Organic skins are black and

object of this book to demonstrate how these processes may be
detected in the field and how they may be used to divide the
world’s soil spectrum into manageable categories. Chapter 2 will
tell how to detect the processes listed above as well as other
processes, but some examples are given here to show the sig-
nificance of the various soil properties described in the field.

Soil acidity or alkalinity (soil reaction) indicates a great deal
about the removal of cations from the soil. An acid soil is depleted
of the basic cations which must have been leached, while a
moderately alkaline soil probably contains calcium carbonate,
The application of hydrochloric acid to basic soils will tell whether
or not lime is present. A strongly alkaline soil contains sodium
and potassium compounds, though some soils which are close to
neutral in reaction may also contain these.

The colour changes observable in the soil profile indicate a
great deal about the mobilisation of constituents, especially organic
matter (black), iron (red and yellow) and lime (white).
Variations in soil texture are largely a consequence of the mobility
of clay within the soil.

Of course, it takes experience to immediately recognise all the
properties in a given soil profile. The only way to gain this
experience is by systematically describing as many soil profiles as
possible. The following chapter tells how to approach a soil
profile, what to look for, and the significance of the various
properties. When approaching a soil, realise that it is a dynamic,
not a static body, and that many processes have opt_zrated to make
it the way it is. Rather than adopt the morphologic approach of
describing for description’s sake, the best course is to adopt the
dynamic approach of describing the soil in order to find out how
it formed.

REFERENCES AND FURTHER READING
FAO/UNESCO and International Society of Soil Science, Proposal for
a Uniform System of Soil Horizon Designations (published for Sth
International Conference in Soil Science, 1968).
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Robinson, G. W., Soils, their Origin, Constitution and Classification
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ning Processes

ARE AMONG THE MOST INTERESTING ACTIVITIES

Phe study of soils is an easy and pleasant part of

ly in geography. Any soil can prove rewarding,

are the same for all soil profiles, and very little
to produce first-rate results.

it is true, there is only a small part of the world’s

through the study of local soil types the student

preciation of the world’s Great Soil Groups, which

later in this book and also in most physical

. This appreciation can be gained by observing

s which occur in soils and relating these to the

ation given in this book.

ions most useful to pedologists are based on

m in the field. This is why it is important to

systematic description. Also, the

£ soil profiles will enable the student to

stter understanding of the soil-forming processes

Y OF SOIL IN THE FIELD
may involve systematic profile description
<ssible to students; or each student may
out on his own, in which case this
td to make sure that no important
Students are well advised to begin
for well-exposed soil profiles because

iles represent 67,

Figure 2.1: Method of placing samples when augering.
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sections are suitable, but care
soil and alluvium; indeed,
be a series of partly eroded, buried soils
soil in deep alluvial sections (see Chapter 12
I ﬂ]l' m' are lacking in a student’s local area,
' be e before describing the soil profile. To
m;qdw and tedious work, so augering is
.m (used widely as post-hole diggers) are
”da:;m budt; fger when full will usually bring
stcil,mitisbestto arrange r.he_samples in
M about six inches) in a spiral around
hole, commencing about five feet from the hole to allow

» distance, as shown in Fig. 2.1.
often provides valuable information about buried
p‘aaf:tgu to 25 feet by hand, although after
becomes noticeably more cumbersome with

‘of a three-foot steel extension.

‘map will serve only as a broad guide to some of the
Groups that be expected to occur in an area, for
ed to show a whole state or a continent can indicate
s; but large scale soil maps, like large scale geolo-
are difficult to understand because they provide the
for their soil types. One can expect to encounter in a
Soil Groups not listed on a small scale soil map.
1o be well-prepared before going into the field.
il and a soil map should be Eommlted. They can
% and soil identification respectively. If larger scale
unavailable, maps of Australia or of a single state will
‘hammer should be taken (preferably a geological
rocks and hard layers (such as laterite) in
measuring the depth of the horizons), pencils,
sheets supported by a hard back for writing in the
 soil testing kit* enables a lot more information to
: lﬂ_‘ﬂhﬁ%:ﬂﬂ\hmmanly found in soil testing
1 be suitably described on tabular data sheets.
rtant property is omitted. To the pedo-

1o schools in New South Wales contain: @
acid for testing for lime; h Indicator
 soil reaction ( ); hydrogen

- matter and manganese; and silver

test tube, and filter paper, for testing
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logist. morphologica | propertics arc the most important; they are
W’ that can ge described rather than measured. The
ss selected depend on the purpose of the research, but

following are the most useful ones in general field studies.
:&umﬂ on these and other properties are found in Butler,

1955 and Brewer and Sleeman, 1960.) : _ ’
3. 2.2 suggests one possible format for_t e presentation of
’2 data. This format may be varied to suit the local area; for

' ' d chlorides may be included.
[ drier areas columns headed lime and chlorides ma clud
! SITE DETAILS
|
At the top of the tables are the details about the profile’s site.
These are very important as they can assist in the recognition of

some of the soil-forming processes. Students should re
exact location of each site in case they wish to return
their teacher wants to check their work. Even where
not close to a road, a rough estimate should be made of its
from the nearest road.

Both the soil's parent material and the underlying rock should
be recorded. These will be the same only for soils deve
Sita. The rock underlying decp soils on unconsolid
matesials may not be exposed, so the student may le
section unfilled rather than try to guess it. If he finds rock ic
cation difficult, he should read through the section on ro
his pbysa:{:i geography textbook, e.g., in Strahler, 1960, Un

4 (non-fock) parent materials may be grouped into four
categories according to origin. SHT

1. ‘Alluvium. This includes all deposits Jai
- ” eposits laid down by s
R usually quite easy to recognise by its low position in the la
mﬂm does not always apply, 'cAg,. in incised terraces

PG fver gravels) and the presence of rounded water-worn

pebbles. The texture of alluvium varies with distance from the

distance from the

steeam, being coarsest nearer the stream. Sandy alluvium is usually

mwy in close proximity to the stream. The common w"'u'c{
spread alluvial soils such as the ere Bils of hear

: grey and brown soils of heavy

$Extute (soe Chapter 10) are heavy or clayey in texture 1

2' . 3 4yCy 1n texture.
mcoﬂuum‘ m (from ?;clfa?v;.;?i' a hillg_ This refers to all
sail :I.tmddo‘ wnslope. -ment may be either slow (e.g.,

el mﬂﬂr rapid (e.g, ":Ck:hd:;ﬂ Colluvial soils are usually
L : i st soils and are usually alipnec

o the usually aligned
tontain 'ﬂ:e.boum of the C horizon in such soils
movement. In all areas with sioper o L Of downsiope

Siopes of more than 1 degree,

&
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colluvial soils should be looked for, especi i ion i
scanty. pecially if the vegetation is
4eolian materials. These are various types of wind-
15D \—;._n{‘ nrnuc_ri;*.[s. Vast areas of Eurasia and North America
red by fine tc_.fnured calcareous material called Joess. In
n  Australia, the fine-grained calcareous wind-
al is called pama. Both parna and loess
ndscape irrespective of slope or position, unlike
wium which are restricted by slope and position.
L. soils are most widespread in the
in the latter, both fine and coarse
ind. Coarse textured saltated wind-
to as sand dunes or sand ridees,
1 dunes. Many coastal deposits “are
: t of salt in them may be
rrouped with the coastal depbs;’rs.

ly sandy (they may
ose. Many Australian
stralia, contain appre-
, while others, especially
ain a lot of feldspar and heavy
most common marine deposits

materials, being pre-weathered,
r rock parent materials if given
jering. Quite often the depth of the
tion that the parent material is uncon-
this gencralisation should be used with
soils, such as lateritic soils and krasnozems, will
ent material.
ation, broad classes should be used,
n forest, wet sclerophyll forest, dry sclerophyll wood-
and or desert scrub, rather than actual species. Under
ere should be a note on whether the topsoil has been
anges in the structure of

rbed by ploughing, resulting in ch :
horizons and possibly some mixing of the A and B horizons.
Preferably, undisturbed soil profiles, such as are SO M
of unimproved grazing or forest, should be described.

Under the heading drainage, there should be a referenco wmﬂs
whole profile, that is, drainage of the site s mhmmmzous
drainage conditions within the profile relating to apeeifo ial
(these are more appropriately noted m Sty SRS APY
features, within each horizon). Some 9065 QORI hardnanpansm ofmg
ing the upper horizons fo be poorly drained. The ;
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be ascertained the wetness of the profile
?m (hm:zd soils remain wet, while
out. The lower the position on the slope
the substrata, the poorer are the external
s. A soil with a water table within the solum is
s drained. Two drainage categories, namely free

m cannot be completed until the soil profile
Chapters 6 to 12 may be referred (o for help in the
average annual rainfall of a local arca may be obtained
local Post Office. Students need to remember, however,
sl rainfall can depart widely from the average and that
can be great variations over relatively short distances, so
rage figure is only a rough guide to leaching effectiveness,

Offices usually record daily rainfall and maximum and
m The figures for the week preceding a
p of a soil profile will help the observer to study the
conditions and to evaluate the internal water movements

"l

5 wise to record the dare. Then one can check later to find
the soil was described in, for example, a dry or wet season
monthly rainfall figures can be obtained from the Post
‘or from the Commonwealth Yearbook, which gives rain-
for the main stations in Australia).

and aspect can be recorded on a rough profile down the
2 ar, any breaks in slope and the distance of the
these breaks should be noted. With practice, students
able 1o estimate slopes to the nearest degree, which is
15 needed here. If this is not possible, students can make
theodolite from a plastic 180° protractor, and a ruler,
made from a piece of string with a weight, such
, on the end, as shown in Fig. 2.3.

Fiers to the di the faces. This of course
ply in level situations. m are sometimes quite
in soil morphology arising from aspect differ-
; Msphmz. north-facing siopes are usually
may be more intense. Students not in the
w thnnld determine aspect from the

E
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plumb-bob

reod degrees of
slope here

Figure 2.3: A simple theodolite.
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i i Five variables are

forming factors discussed in Chapter 5. Five varia .
mﬁ:“:i ﬁpﬂnﬁlb[f for soil morphrﬂoglcal {1I?‘|’i,‘F::|'1{:I-__..\.

g climate, relief (or landforms), organisms (including

i i 1 f weathe
i i d time or the duration of weather-
t Pﬂ.l‘ﬂ]! material, an

With the exception of the last, all are taken into account at
g' of the Data Sheet shown in Fig. 2.2. The remainder of the
uﬁ:?! Fig. 2.2 is concerned directly with soil profile description

THE DESCRIPTION OF SOIL PROPERTIES

Horizo~ ‘

This column should not be completed until the gwmﬂ‘._-c has
fully described. Only then can the horizons be divided into ¢
and illuvial, mainly on the basis of texture and colour. The horizon
terminology suggested in Chapter 1 should be used

DePTH
Depth is measured from the surface of the mineral horizor
the top and bottom of each horizon, then the
horizon can be estimated by subtraction. (
measured upwards from their junction with the mineral
Where horizons are not of uniform thickness. r
minimum figures should be given, e.g., Bh 11-20
next horizon may then be numbered from the mi
e.g, Bfe 20-30”. Inches can be used until tl
cumbersome, then feet can be used. (As metric uni
many pedology publications, many pedologists prefer tc
profiles in centimetres and metres rather than inche

Lower Bounpary

It is important to note the way the horizons change frc
1o another. By noting the nature of the boundary bx
horizon and “the one immediately beneath it, a st
describe every boundary in the profile. Two features of the boun-
daries are important: first, whether the horizons change sharply
or gradually: second, whether the boundary is a straisht or wavy
line. The following terms are suggested. . i

M—-—lhe horizons change over a very short distance; in many
m?tanccs the boundary may be marked with a pencil;

horizons merge into & e
: ach other ove stanc
of a few inches; g over a distance

Even—tbe boundary between the horizons is parallel to the land

DESCRIPTION OF SOIL IN THE FIELD k>

— E
s

Bfe
Bh
/ \ f
’ N vV
Bfe

- Bh

Figure 24; Types of imegular boundaries between soil
horizans.
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pmv‘uir—ﬂw boundary between the horizons is ncithcnj straight
nor parallel to the land surfacr::: some types of irregular,
sharp boundaries are shown in Fig. 2.4.

All combinations arc possible, thus there are four possible
entries in this column: sharp, even; sharp, irreg lar; gradational,
even: gndanonal irregular.

COLOUR

Colour differences are often the basis for horizon differentiation
and some soils such as podzols and krasnozems, have been named
because of their colour. Since soils are darker when wet, the
moisture condition of the soil should be noted in a se

column. A threefold classification into wet, moist or dry s
suffice. Moisture state is also important in structure estim

Marats

BLACK

chocolate dark grey
dark brown

light grey

reddish whitish

brown yellow
- o l— » ©
orange yellow light yellow \\2

Figure 2.5: Graphic presentati i
e sg(ds).ntatnon of soil colour (well-

DESCRIPTION OF SOIL IN THE FIELD i

o 3 it 201
he description of soil colour tends to be jecti
: rathe g
v pedologists prefer to use a col i - SUhch;wcl =
pedolog p use a colour chart when assessing soil
lour. In Australia, the Munsell Soil Colour Chart, an abbre
viated form of the Munsell Colour Chart, is widely used. and

il colour is given a value such as 5YR3/4, rather than a

colour chart is available, the soil colours should be
s possible, avoiding vague colour names such as

v, " and “salmon pink”. In freely drained soils,

:--:_ lly be attributed to three i;igmcms which

produce black red (iron) and white (silicates and

salts). Soi be related to these three pigments as
i presents

. nts ample colour names and clearly
of each colour name to the three main
Ips in the selection of colour names.

in which reducing rather than oxidising
contain blues and greens. These soils are
sley Colour Chart in the Munsell System.

wce of two or more distinct colours in
is examined closely, most soils appear
. so an arbitrary amount of colour change
; a soil as mottled. In Australia, K. H.
served this term for soils with 10% or
.r differentlv coloured. Soils with less than
n r differently coloured are referred to as
* The number of colours present and the size and
es may be noted, especially in soils where
kedly from horizon to horizon. C horizons
v, are likely to appear mottled.

+ure is the field grading of the soil by particle size. It may
be correlated with the results of mechanical analysis 'w%uc"h
wdicate actual percentages of the various particle sk B
the soil. This analysis is discussed later in this chapter. Texture,
then. is the estimation in the field of the amount of gravel, sand,
silt and clay in the soil. The field pfo?edurc ek nf:;t fcr’?l;l;
percentage estimations, so soils are assigned to broad fex
classes. x il between

The procedure for estimating texture - o lh; sacrl icles
the thumb and fingers until it is broken into indivicu adpmmberes 10
then to wet the soil to ‘sticky point’ (until it Just

the fingers) and note its properties after moulding. The texture
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of grittiness (indicating sa
i) and moulding ability (indics

ely. The dimensions of each of

Gravel is i <
fractions are given later in this Chapter.
The texture term light e
«ilt relative to clay, and heavy to soils with much cl
cxnd and silt. Sand has a greater ability than silt to
The following texture classes grade from light to b
on the soil’s ability to be rolled into rods about :
and # inch across:
does not cohere has a | will
sand cohesion just perceptible | gritty | not
joam coheres and is friable feel roll
ty loam friable and coherent, with a silky (i
feel
friable and coherent; sand grains
cannot be felt

Sandy clay

loam has a gritty feel
Silty clay

loam has a silky, smooth fee
Clay loam sand grains cannot be felt
Sendy clay has a gritty feel
Silty clay  has a silky, smooth feel

Lightclay  easy to mould
Medium clay fairly stiff and plastic to mould
Heavy clay  very stiff and plastic to
There is little point in estimating
so these properties apply to
STRUCTURE

Soil structure ma
Y be defined as the
the form and orderliness of the soil ke TS oa

s are the stat

ting from the soil sk
& , T e soil’s tendency
l!gu!ﬁﬂd mil} paced planes of weakness. When peds are

» It 15 better to use the

lerm

» of whi 3 . \
aspects of 5ol e hich peds are only one aspect. Other

hich may be considered are

is applicd to soils with much sand

DESCRIPTION OF SOIL IN THE FIELD
- ol
soil porosity, and bulk density. Mos
) ensity. ) t of these
rminations, so the pedologist is CJ.\nCn:mch;i;!::riil:ho{al;
g I  wit

cd by throwing a shovelful of soil

gy * gregates on the ground after the
¢ are peds. In field work, peds are most clearly

o y faces before the soil is di&:t;rbad
peds are usually destroyed, so iﬁ
‘structure’ Column is usually left

types of peds. These
peds. For example, the

tiary nutty peds,
Id be described, but in

is very wet. F ragments arc
or size and so cannot be
aused by ploughing or

e lzlmf:rs of soil which

lescribing the frequency, size and
down into secondary peds. The
arred to as grade of structure. It
e soil is in p_cds and how much is

h percentage

f
much of th
[his may be done on & roug

he peds vary to country so 3 mathe-

rom country
ful. Some of the smaller ped names
hould always be specified,
divided according to the

f
ology 15 MOSt usc
sut the size of larger peds s

the nature of in inches or centimetres. Peds may be

POre spaces or voids
voids in
of the soil aggregates nature of their three axes into:

the Sﬂij, Lhc Slﬂbﬂit'\_’
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2. Prismatic —
and z axes shorter

roughly eg

J. Cubical — ¥, y and £ axes
roughly equal.

y

3. Laminar — y axis short, x
and z axes longer and

roughly equal,

Cubical. There are two main groups in th
depending on whether there are six or more face
structure, which has no faces, is the

system, as shown:

Blocky, also called Sub - angular blocky,
cubic, bounded by six  bounded by six faces
faces intersecting at intersecting with
right angles. rounded interfaces.

e

DESCRIPTION OF SOIL N THE FIELD Q&

polyhed- Spheroidal, no planar
than six faces, y
rounded

" diameter.

er, fairly porous and

unstable and

em, depending

lumnar,

nteriaces

on the sides.

dlelipipedal. The name refers
¢ shape of the solid, skewed
slogram. The interfaces are

v angular. The most

common skewed ped is in the

blocky form, the p:lrallclipip:‘ds

often being several inches across.
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ORGANIC MATTER
The black pigment in soils is usually derived
matter; however, black soils are not always rich in org

and coaversely, soils which are not black may
organic matter. The black pigment is derived f

of the soil's organic fraction, so it is im
not only the black colour of a soil but other indi
presence of organic matter.

Root channels may influence the deposition of cor
the subsoil. It is therefore important to find the «
penetration of living plants and to note any dis

In cases where the activities of soil fauna suct
have a noticeable effect on soil morphology, their j
be noted in the column headed ‘organic er’

Black humus in soils effervesces when hvd
applied. The amount of effervescence g
how much humus is present. '

REACTION or pH

Soil reaction is the term used
alkalinity. Since soils are only n
scale is the most suitable mea:
logarithm to the base 10 of the re
concentration, or

pH (potens hydrogen)

Thus pH is the negative logarithm of
tion. Since water has a concentration
10~ moles per litre, water has a pH of
higher concentrations of hydrogen ions th
values less than 7, while alkaline substances }
ion concentrations than water and so have pH 1
Soils, being mildly acid or alkaline, ge:
values of 4 and 10. The following tabl
between pH value and reaction for so
strongly acid pH up
acid pH 5.1
neutral pH 6.
alkaline pH 7.5 to 8.:
strongly alkaline pH above 8.5
There are two main ways of measuring soil pH. In the laboratory
ong may use a pH meter with glass electrodes and measure the p}'[
of soil: water suspensions in certain ratios (e:g, 1:5 or 2:5).

L

tn Lh

]
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battery-operated field pH meters are available. but so far
1 are not widely d. In the field, pH is usually
ators which give m less accurate values than

pach’s Indicator, used in schools' Soil Testing

es only of 0.5 pH units. Raupach’s Indicator is

(brom-
h change
to place
r will do), add
nix thoroughly.
h m be at
the colour of the barium
. The colour is
han the soil, whose

1OT.
1lorides) are not listed
rom a humid area and is
constituents. However, in
lime and chlondes should
icluded on the soil data

Irier ons. Its presence is shown by the

hydrochloric acid to the soil. Lime effervesces

with hvdrochloric acid. The acid test should be used

ils of drier areas, as many will be found to effervesce even

though no white flecks of lime are visible. Lime may be present in
soils in the following forms:
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1. As nodules, which are white lumps of c_::fciumIcurh{'mz_iic of
variable size. Nodules are found in lenses in certain horizons or
may be scattered fairly uniformly throughout an horizon. The
average size of the nodules should be specified
As fine earth, which may or may not be visible. Some soils are
so heavily charged with lime that the fine carth separates ag
white po\;'dcry calcium carbonate. In other soils, this powdery
lime may be finely disseminated and can be detected only after
the application of acid.

3. As floaters of rock in soils derived from limestone. These
floaters, like lime nodules and fine earth, effervesce with acid.

CHLORIDES

In arid areas salts accumulate in soil profiles. One of the m«
common iS sodium chloride or common salt which may no
be visible as white specks. Test for chlorides by placi
4 gms of soil in a filter paper in a funnel over a test t

id

filtrate in the test tube. If chlorides are |
precipitate will form in the filtrate. The thick:
i5 @ rough guide to the amount of chloride in the soil
SPECIAL FEATURES

There are several properties which should
column, but which are not listed separately beca
restricted occurrence.

Stones in the soil should be described, noting the ro
shape, frequency and whether they are aligned
direction.

Nodules not so far described, such as sequioxide nodu
be noted, especially their size, colour and frequency. C

are nodules which appear concentric about a nu .

can usually identify them readily by breaking open some nodules
and examining them. 7

Clay Skins, the shiny surfaces on wet peds, should be noted.
Their colour should be described (relating it to the host soil), and
some idea of thickness should be given. (In case the soil is not
WEL, or is not near a creek, a student should carry a bottle of
Wwater.) Black humus and manganese skins effervesce when hydro-
gen peroxide is applied. i

Any other point of interest not covered by the other columns
should be mentioned in the “Special Features” column.
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THE SIGNIFICANCE OF SOIL PROPERTIES IN RELATION
TO THE SOIL-FORMING PROCESSES o

ions in the soil-forming processes, and hence in the soil
rties, depend on the five factors of soil formation (climate,
i ent material and time). A student’s profile
take into account these five factors by describ-

He might describe a series of soils along

llow stony soil on the upper slope and

1 sods until, possibly, the in situ soils on

pe are reached. Then he could note the

>s of the soils down the slope. The following

/ to several profiles in the one area

cription. Profile description will

es are examined, showing variations

hing of the depth of a
f a podzolic soil, against

rizons often signify marked

This is true especially in the

soils where the colour, texture,

H all change abruptly. Gradational

ed with less abrupt and less intense

Over some gradational boundaries,

e and only slight changes in texture,

pH. A gradational boundary often provides in-

e in the soil environment for the mass deposition

fuents. ! | .

laries often follow root channels, mdu_catmg a

hip between illuviation and \'cgct:}tmn, Some Ilm:gula.l'
iries may be related to heterogeneous parent materials.

CoLour

Soil colour, the most ub\'ioust property & : S ik
describe is perhaps the most difficult to interpret as S
controversy over the exact chemical composition © ko
. hat black colours are due to

nd the one easiest tO

colour pigments. To say t
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E ise, as only a small part of the soil's hun_nc f:';t-;:_n.-n Serves
m pigment. Itis ihﬂughl that the huruc u fraction of
mc“ s matter produces the black colour in soils. Oth tions
such as fulvic acid or insoluble humin, are ‘nulj, s :
Thus soils such as the chernozems, which may n
amount of total organic matter, are black in cc
much of the organic matter exists as humic aci )
which the organic matter is not well humified, nay cor
amounts of total organic matter and yet not be black at
An additional problem is the mankmg_m‘[’ g}\hn
soils may contain so much humic acid that 2 )
pigmmt.'such as iron oxide, may be masked.
contain much less iron oxide than these soils
in colour. Thus very little can be learned al
total organic matter or total imn.oxidcs. 3
more important than their quantity.
The effects of iron as a soil colour pig

colloidal coatings on the soil gr:
increases, crystalline forms may dev
series of jfron oxides exists,
hasmatite (Fe,0;), to the
{Fe.0,-3H,0), with intermed
(FEN_O;B :H_O] It was f
arose from the unhydrated
colours from the more hydrated
showed in 1927 that soil reds
members (4% to 6% water) an
members (6% to 30% water), so if se
members in soils are rare,
The red and yellow hydrated iron
products of any mineral conlaining iron,
the primary iron minerals such as
mentary rocks contain some colloidal
the soils on igneous rocks, it may be ass:
form under wetter conditions than neighbouri
feason, red soils tend to form on well-drained slopes.
soils tend to develop in poorly drained depressions. or, 1
colours may be reversed in soils formed from ses 1ientary rocks:
sometimes upper slope soils will be vellow because thev
!lepved from rocks high in yellow iron oxides. while lower slope
soils may be red because their parent material s higher in red iron
oxides. Thus the matter of inheritance of iron oxides from the
parent material needs to be considered as well as the formation of
the soil in situ.
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In profiles where iron oxides are being illuviated, redder colours

usually prevail in the upper B horizon while a tendency to vellow

0 id in the lower B horizon. mndicating wetter conditions
Many lower B horizons of red soils are also found
d with yellow, probably indicating periodic invasions
lum by the water table, followed by drying.
lation as well as the degree of hydration are
z colour pigments, Prolonged invasion by
s drab greys and yellows and sometimes
the ferrous (iron I1) oxide (the oxides
yellow colours are of ferric or iron III
for long periods can affect any
ed effect is called gleying and the
gley horizons, Many of the iron
¢y horizons, and those that
\ ons feature in many soils of
1 of North America and Europe but
in A ha. A feature similar to
[ the pallid horizons
occurs and such horizons
below the water table.
1 soils to humic acid.
> black, especially
skins are
strous than organic

complexes of
as aluminium, potassium,

i to produce white colours
here red appears, there i§
ium oxides, which form a

- aluminium oxide, derives
: ium). Lime (CaCOy), gypsum
1ed quartz are also white.

med quartz

of texture give only rough estim:_nes_ of
in soils. The ambiguous term mechanical
I the more accurate laboratory assessment of

particle size grading with which texture may be .:ompur{:[d"
; : f icle size i y in use,
There are many systems of particle size gr;ldmg currer_::}‘ i
but the tendency is towards the Internatiomal (or ! Ft;l'— =
System which has very simple divisions. The names gravel, sand,
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38
silt and clay are size pradings and any differences in
between these gradings is coincidental. The Internationa

berg) fractions are as follows:
mumn diameter

more than 2.0

Gravel

Coarse sand 2.0—0.2

Fine sand 0.2—0.02

Silt 0.02—0.002
Clay less than 0.002

Investigations show that not many primary (unwe

minerals are present in the clay fraction, whereas
fions are mainly primary minerals. However, ag
minerals, especially the iron oxides, may remain in
tion during mechanical analysis. Clays are disg
colloidal products of weathering in which n
particles of dimensions smaller than 2 microns predominate

CLAY
Sand more than 0.02 mm.
sift 0.02-0.002 mm. %0
cloy less than 0.002 mm. E

clay loam

& - ¢ 1) T
% %0 8 70 60 5]:' 40 3.0

% sand
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,.\ijpcn;iz’_.._ a quick method for
ziven. The results of such
s of the various fractions, e.p.,
Fine : y
Sand Silt Clay Total Field Textyre
62.0 1004 dlay
300 999 clay loam
cement between the field deter-
hanical analysis. The analvsis
On a fexture triangle, 't.\t;e
. and coarse and fine sand
Tes are alw ays plotted parallel to
t so that the line representing 30%
€ points 30% clay to 70% silt.
d their field textures are

: lhg ‘mechanical analysis
analysis are given as };mr-

Figure 2.6: Plottin i i
mgt?l}aeg.giagucal analysis results on the

silty elay loam 70

silty loom 90

lll"«
0 30 2 10 g

Figure 2.7: Marshall's diagram relating mechanical analy:
sis percentages to the field determinations

texture (Australian soils)




o ; been textured and mechanic-
te ?m"l::;cbe plotted to draw a texture
ich indicates limiting percentages for each texture

s derived Marshall’s 1947 dia which showed
of Iﬁnnlym Australian soils. It %jr?clrsvslightiy from
r overseas diagrams because it gives less prominence to the
jon (which is less important in Australian soils). This
_can be used to find rough percentages for your field
|t omits some texture classes, and further sub-
to light, medium and heavy clays may be useful.
gives a great deal of information about soil profile
=nt. so it features strongly in many soil classifications—
“divisions of Northcote’s (1965) Australian soil classi-
e based on texture changes down the profile. Changes
may be interpreted in terms of the soil-forming pro-
Profiles may be classified as follows: uniform, where
le if any texture change with depth and all the horizons
field texture class, indicating the absence of marked
n; duplex, where there are changes of at least 14
¢ classes down the profile, indicating marked clay
and gradational, where there are changes of 1 to 13
¢ classes down the profile, indicating some clay illuvia-
' im&m not relate entirely to clay illuviation,
' formation in situ must be considered, and this could
the B horizons of some soils.
ally interesting when related to parent material.
orming parent materials such as basalt are more likely
) uniform profiles than parent materials high in less
minerals such as granite or sandstone because,
wement through the profile is much freer.
pranite such as a lateritic soil, indicates
1s, as clay formation is greatest under

profile and will therefore form the basis for
":‘:ﬂ- In many soils, however, texture
changes in other soil properties,
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aggregated, and if the flocculating agent is removed, the soil soon
becomes dispersed (the reverse of ﬂoccularcd}., Flocculation,
then, is only the starting point of ped formation, but it is an
essential starting point, for without it the peds will not form.

[t has long been recognised that lime has a beneficial effect on
the soil’s physical constitution as well as on its nutrient status
Calcium-saturated soils are more flocculated than sodium—saturale(i
soils, so calcium may be regarded as a flocculating agent and
sodium as a dispersing agent. The effects of these cations is not a
simple one, as an excess of either may produce reverse effects.
A soil such as a solonchak, which is saturated with sodium and
contains, as well, excess free sodium, is flocculated rather than
dispersed. However, removal of the excess sodium, leaving the
colloid saturated with sodium, results in dispersion, as in the
solonetz soils.

he addition of lime to a soil (especially to replace sodium)
¢ the soil's structure only temporarily, for it is often
quic ed out and degeneration then occurs. Today calcium
as highly for its contribution to soil granulation as
npast: soil scientists have shown that when calcium is

it was i e

replaced by sodium in soils containing enough humus there is
usually no deterioration in granulation. However, the replacement
of calcium by sodium in soils low in humus does cause marked

structure deferioration. Thus flocculation is only the starting
point of soil structure.

The second step in ped formation is cementation, whereby the
unstable Roccules are cemented into stable peds. There are several
cementing agents for peds. The three most important are the
silicate clay minerals, the organic colloids, and hydrated oxides of
iron and aluminium; soils rich in all three are likely to contain
stable peds. Pure sands, which lack all three, are apedal, single
grain. Farmers have realised for a long time that the addition of
organic matter has a beneficial effect on granulation in soil, but
the beneficial cffect diminishes soon after the addition, somCtimes
leaving the soil even worse off than before, unless the organic
matter is replenished at regular intervals. Iron oxides exert an;
double cffect on soil structure: they are both flocculating
cementing agents, because free iron in solution causes flocculation pi
and, once dehydration takes place, the insoluble iron mm -
are then formed are comenting agents. The granulating
iron oﬁdesisnomdwpccﬂﬂymuopcnlsodsmmhnhmw. ey
which, although Pzﬁemy off chemically, arc among =
structured soils in

Thebindingeﬁecto{humlfsismil:;]‘l‘m_g
granulation in chernozems which compare kzhwocentns




4 THE LIVING SOIL

CHLORIDES . _ _
The e of chlorides in a soil also indicates inco
i in fact, much less leaching than in soils in 1
the only salt. The first indication of chlorides may be
value, }..g.. 9.5: however, soils in \'-'hlil.‘h tlfcr’:_;‘lr.‘
sties of neutral salts, such as sodium a.'niqrmc_

pH closer to 7. Therefore one must a.‘unri':dc‘r
accumulation of chiorides even if the pH is not high.
Chiorides are often encountered in the B horizons of

i

where they are illuviated, but since they are readily solu

| | lime) they may be found anywhere in the p_rn:':,ic_ e
A pear the surface where they may be deposited as the
tes.
| High concentrations of chlorides are often as

tion or salt-tolerant plants such as
bush. Since chlorides are soluble. they may
through the soil profile, being deeper after
surface in dry periods when they rise by ca
plants return them to the surface as litter.
such as gilgai, is present, chlorides often

. ] depressions.

SPECIAL FEATURES

I Not all nodules and concretions in soils
- current period of soil formation. This ap
hydrated oxides of iron, as once these der
i cretionary form, they may persist through several
formation. This is particularly true of nodules and
ﬁ'_l!m iaterite. These may take part in several consolidation
they are eventually destroyed, by weathering or transport.
'Huwe\'cr. there are wsually morphological differences
primary and secondary nodules, the latter often being
extrancous material. :

' weathered.

1955, pp. 238-249,

§s mdnles'weather in the soil they may give rise to mottles
which are quite unrelated to water table fluctuations. Mottle
formed in this way can usually be detected quite easily and of
the centre of the mottle is harder where the nodule is less

&
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C hapfe'r Three
Constituents of Soil

CONTENTS

Soil Air

Soil Water

Sail Organic Matter
Soil Mineral Matter

SOIL IS COMPOSED OF FOUR CONSTITUENTS: MINERAL MA
organic matter, water and air. The division of | const
into these four categories is not a simple matter,
siderable over-Jap. For example, dissolved in
minerals existing as ions (charged bodies), and
products of the decomposition of organic matter
Chemical weathering of soil mineral matter depends on the
presence of water. The growth of vegetation, and hence the
production of organic matter, depends on both water il a
Clearly, the four constituents are closely related.
they are considered separately.

SOIL AIR
" aif"ﬂ' (1966) considers that restricted aeration is the o
limiting factor in the development of an extensive root )
Rutnc‘l.e@ acration impairs root respiration which retards water
and nutrient absorption and impairs the orderly functioning of the
essential biological processes associated with sood fertility.

Soil gir capacity, which may be defined as the quantity of air
{usually expressed as a percentage of the total soil constituents)
mﬁlmg in the soil at ﬁﬂl(li capacity, has been found to correlate

plant yields. There is an optimum air capacity for plant
gl'owi_h. Sa.n}fg soils, which contain large pores, have too much
iﬂrlhonchax the expense of an adequate water supply; on the other
_M- )':l)_'s-'ﬂl:lls :1“& low :;Jr but high water capacity, and this is
why ust continually struggle to aerate such soils by
mlhl isd Well-chos::d cultivation methods. However, a clayey soil
M“_’_‘“'umi d does not have very serious aeration prob-

lems, pacity is related to the size of the peds. For every
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¢ is an optimum ped size for maximum

: air capacity, and
ion of larger and smalle ;

' Ber r _puds decreases the air capacity.,

or the addition of organic matter, cinders or sand can

the air capacity of compact soils, while trampling and

, can decrease soil air capacity. Trampling between rows in

wuses has been found to decrease soil air capacity by 16%
g serious problems. A F

1l is known :

I

ibout the air capacity requirements
1at plants vary in their tolerance of low air
and potatoes require high air capacities,
| 209%. Wheat and oats probably need
air capacity, but their yields are
1¢ air capacity is raised to more than
s in soil air capacity have been
eld of corn in the United States.
3 no less important than the
oil atmosphere differs from the
xercentage of carbon dioxide.
ving in the soil remove oxygen
the soil air is richer in carbon
than the free atmosphere. The
nds on the rate of the biological
ite of renewal of the soil air by
ition of soil air, compared
1y as Iolows:

in Percentage in
.‘\:musphc)::c Air

79.0

20.97

0.03
or the soil vary enormously from season to
1e :}F;e of soil, and the kind of crop.
11 :nce the soil’s air capacity (texture,
{ organic matter) also influence the com-
ie soil air. If crops and vegetation remove oxygen
dly than it can be replaced, the composition of the soil
. jorates. In \x::tcr%ﬂg\gu&. poorly structured, heavy textured
oils, the rate of renewal of soil air is extremely low. Under these
conditions, which are termed anaerobic, there is more carbon
dioxide relative to oxygen than is healthy for normal plant growth.
In some anaerobic soils, there may be as little as 1% oxygen and
more than 15% carbon dioxide.

Continuous cropping (i.e.. no fallowing) increases the amount

of carbon dioxide in soils, Soil air from continuously _crqppcd land
may contain ten times as much carbon dioxide as similar fallow

» vary with

W
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land. i activity increases the carl _dioxid
in fact, carbon dioxide content is used by soil mic obiologists
measure of biological activity. T_h-:re are marke
tuations, even in uncropped land, in the carbon di
soil air. These fluctuations are related mainly to i
moisture changes. When soils dry out in summer,
content of the Subsoils increases substantially.
The composition of soil air ch '
soil air with atmospheric air, as most photosynt
the soil. According to the kinetic theory of gases
are in such a state of agitation that two gases W il
the molecules of one move into the space occu
This process is termed diffusion. Since soil
carbon dioxide and less oxygen than atmos
patural tendency for the carbon dioxide to diffuse
atmosphere and the oxygen to diffuse back into the soil
Diffusion is related more closely to soil factors than
logical factors. Its rate is reduced to one quarter as ti
in the soil is reduced to one half. Pore space is t
variable affecting the rate of diffusion which
even in heavy clayey soils, as long as the soil’s pore
reduced 1o zero, 3 .

]'1"0]1 dlt'\\..d;‘ content:

anges mainly by the renewa

hesis occurs

eS, §

SOIL WATER
Water is essential for all forms of life. Tt r
that, since plants can grow in nutrient solut
(ﬂydrapomcs). water is more important S
tain some water, even in the driest deser
temc;ousl;.r by the soil that plants are unable to ext
ﬂ.I‘i\r’ater is held in soils in two ways, firstly in >
: e poret; or holes) between the soil pnr'uul-;a, SeCon
g!sot;ll:luon onto the surface of the soil's clay particles. I is ven
diffic tﬂt:;‘ ar;:; these two types of water, but it is g
agreed e first i8 more readily removed fros
A4 : type readily rem
Water i irecti -
’c?mﬁit[:ri]?n directions in soil. Wherever e is a
head, m:%zpznd to gravity along the easiest possible
!mume,a.ls:lm{l cnwdﬂimugh 2 ownwards vertically. However, water
the Pom!minvmﬂ Sou agamst the pull of gravity as many of
are so small that the tcasillaries thro
Y sexve as capillaries through

L
1

wed from

S i 10t 10 be confused with ‘absorbed".
b i ot - confused with ‘absorbed
in lh:hmnlm]m?ﬁ::: the way in which calcium chioride tu]:!h
m"m_ : hmnu‘ s ;ma'\ﬂsorb‘cd means ‘attracted’ in the way
‘m\!!‘ attrac goet. “Adheres’ is close in meaning to

Innﬁw&m.hm.m‘om_
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water 18 transmitte ' Fon i .
18 t rnt(»d h\ surface tension.

‘e a piece of gl To demonstrate
e 'r\‘ ]pu.\, of glass capillary tubing into a
v n a very short time he will notice ti =

n the tube (see Fig. 3.1). o L peaten i

-d vertical or horizontal
it capillarity operates in
a similar manner, and

. unlike a glass capillary tube,
1ys neatly interconnecting and
pores also contain air, which
n thoroughly wetted. Capil-
s or sheets, very irregular in
»s bounded by solid particles and
above by rain or spray irrigation
replaced by watet, and the mate of
s on the diameter of the narrowest part
a soil is drying out or is wetted from
rising water table), the rate of
e of the widest part of the soil
rise by capillarity.

Of

beneath (channel irrigation or a

ris¢ of water depen

pores, as this controls the rate of
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Figure 3.2: Diagram of a simplified soil pore,
four particles, showing pore neck and wi
part of pore.

A great deal is learned about the water in soil by me
force needed to remove it. After rain falls and the so
saturated, the surplus water is very loosely held and
As the soil dries out, the rate at which water lea |
gradually diminishes, until downward movement (drainage) ceases
and upward movement (capillarity) is the main way by wi
waler is lost. At length a stage is reached where very little wat
can be lost, for it is held so firmly in the soil. At this stage, the
soil becomes oo dry to support plant life. Clearly, water is held
Bt various pressures in the soil. Superfluous water is easy to
remove because it is held at a very low pressure, but when con-
siderahle drying has taken place the remaining water is held at
such strong pressure or tension that plants are unable to free it
for their use. Nevertheless, even at the latter stage, considerable
water remains in the soil. =

Water loosely held in the soil may be measured in centimetres
of pressure. By subjecting wet soil to certain pressures, one can
Scasuee the force necessary to extract some of the water. The
Apparatus for this experiment involves a water-filled burette which
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lowered to apply a suction to the soil,
measu red s :I}a-: height of a column of water in centimetres
limit to the manageable height of a column of
asurement applies only to water quite loosely held in

r which is held at intermediate tensions in the soil is

_ -=c-.-..~111:»;d In atmospheres of pressure. A 1."1'0(.'
column of water approximately equals 1 atm

S0 that the pressure

osphere

_lfor measuring the pressure at which soil

pF scale. This scale does not become as

h $ as either of the above scales.
ty of measurement.

[ a column of water in centimetres
ns ‘freedom’.

iter 15 under a suction equal to

of water 1,000 centimetres high.

provides some cxperiments on soil

finding the amount of moisture

tues (that is, under various

he moisture content of a soil

» structure and other proper-

ils at various pF values follows a

is most easily shown on a graph

ing in the soil to pF and is

ic of the soil. An example of one

1.3

obtained for the moisture charac-

¢ on whether the determinations are on

out) or gaining water (wetting up).

these two curves is termed hysteresis.

ail to meet because drying out is related to the

e, and t up to the widest part of the pore.

r’ a loearithmic scale (the curve in Fiz 3.3

teeper if an arithmetical scale were used_ instead

ile!), the student will notice that soils lose their super-

very easily and then it becomes increasingly difficult

nove more water from them. Some of the points on the

moisture curve in Fig. 3.3 (for drying out) are discussed in the
follow sections.

Many laboratory experiments are dope on m‘eﬂ_-tf-"_\“ 50’]}-: _?(‘}e:;
dry’ is arbitrarily assumed to occur (in Australia) at p ‘t of
10,000 ;1tmnsp!|;:res pressure which is defined ‘9.5 {11:3 amg:l;‘l“ S
water remaining in a soil after it has been drlfd. in ﬂ»ﬁ g
105°C for 8 to 10 hours. Actually, some very firmly he
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swater still remains in the soil at pF 7.0 because, if the soil is
at even higher temperaturcs, it still !i.‘!;[.‘-ﬁ weight |

The total moisture content of a soil is measured by we

e before and after oven-drying, then expressing tl

t in terms of the oven-dry weight—not in terms
weight, for this is very variable whercas the oven-dry
reproducible. Thus:

Total Weight of Wet Soil — Weight of dry soil
moisture =
content Weight of Dry Soil

The total moisture content usually refers to pF
Water between pF 7.0 and 4.2 is generally
Iygroscopic water, implying that most of it is adsor
interstitial. But this is probably not so as tl
very firmly held interstitial water between
particles. The soil in Fig. 3.3 contains abx
pF 7.0 and 8.5% moisture at pF 4.2. Betwe
water is unavailable to plants; however, when
atmosphere, the soil is quite damp. 50% !
ponds to about pF 6.0 and 96%
pF 48 Thus plants require far
animals or humans; for us, 96% relat

e ———————————————————————

¥
~
~
~
. ~ £
o =P
E water o =L apa
|- oveiloble ] L .
lo = o e N
-3 superflyous
woter
’I 1
30 40

= ‘
percentage moistyre remaining in soil

———— i
i S wetting up

Fi : i
Bure 3.3: The moisture characteristic of a typical soil.
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The permanent wilting point is cene

he perr ¥ : .:{J p ,frh’-ﬂ: 15 generally taken as pF 4.2 but it

om soil to soil and from plant to plant, ' poxde s

It corre Is 1¢
we, responds to

. .-.\ plant has three or four
1 ¢ permanent one when it no longer
d. Thus permanent wilting point den tes
ing in the soil when et
fi the soil when the plant wilts and

r. Since the water in the soil
bable t

. at this
nat the water conditions in
roots are less favourable than
exlract water even below the
into direct contact with

roots come

.-:“ul\";ﬁr ted by allowing the

s, The p[:mvt can
ng can be repeated
:nt wilting point.
it can be oven-dried
T remaining at
the soil will be

1 freely drained soil can
y and is defined in Australia
fter it has drained for
mount of water is a
ien a soil is to be
is prevented by covering
sheeting for the two days
llected in a sealed container.
ied and re-weighed. At field
[ contain water. Field capacity
it occurs at approximately pF 2.5 or
pressure. When a soil is drying, at
rd movement decreases substantially and
(capillarity and evaporation) becomes
is also termed capillary capacity, as the
believed to be filled at this stage.

a soil

vater in the soil in excess of field capacity is termed
| or superfluous water as it is easily removed by
ils do not normally remain wetter than field capacity
1y eth of time; indeed. to remain wetter there must be
continuous rain or at least heavy falls every second day. Plants
therefore experience only a small range of the soil's moisture
characteristic (sec Fig. 3.3), the range between field capacity and
permanent wilting point.

or
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Sticky point, which is used in the field determination of textyre
{see Chapter 2), approximates field capacity. The soil i

1S mixed
with water to a muddy consistency and then dry soil is added untj]
the mixture just adheres to the fingers.

MOVEMENT OF WATER THROUGH SOILS

Water moves through soils either as a liguid or as a vapour,
Movement as a liquid is caused by gravity or capillary pull, either
alone or in combination. Since gravity movement occ only in
very wet soils, it is restricted to the larger pores. W
rap'id}y (at the rate of several inches a day) only
contaiming large pores, such as sands. id
requires pores at least 1/20 mm wide. il
clay is wet, swelling may block the pores and thus greatly restrict
the movement of water.

Movement from a wet soil to a moist or dry soi
rapid, that is, from a soil above field capacity to a s
eapacity; but the movement of water fro ]
soil is negligible. So if a soil is dry, water
to the root, as one cannot expect wate
moist zone. Plants have been observed to die f
when moist soil was only a few feet aw ay.

Capillary movement may take place in i
ward movement is slightly faster than upward. T
of water in a soil by capillarity is inversely pre
diameter of the pore: as shown ro :

where d is the diameter of the Pore in cm and k is the hei
of the rise in cm.
Thus water held at PF 3 is in pores up to 3 microns across: or,
if the pores are 3 microns across, water will rise by capi 3
a height of 1,000 em or approx nately 30 feet. Water held at j
18 in pores up to 30 microns wide, or. if the pore
wide, water will rise by capillarity to a height
approximately 3 feet. : )

e
e aumn

of 100 em or

2 1 micron is 0.001 mm or 0.0001 cm. The first calculation i5:
k- L] =
d = Tooe. — 0.0003 cm or 0.003 mm or 3 microns.
There are roughly 30 cm to the fool, so
30 feet. The second calculation is:
= 03 _ =
d= Teg. — 0.003 cm or 0.03 mm or 30 microns.
These calcolations ignore several impo;
Approximations. Water would proba
suggest,

1,000 em roughly equals

rant variables, and so are only
bly mot rise as far as these
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These simple, rough calculations demonstrate that capillary rise
is much greater in heavy textured soils than in sands where the
pores are much larger. The capillary fringe is the height above
the water to which the capillary pores remain saturated, and wates
in this zone is at pF less than 2.0.

The upward movement of water by capillarity under conditions
pert 1g free evaporation is not nearly as significant as was
usly belicved. Upward capillary fiow is effective initially
' table has been lowered substantially. Tt then tails
I mount. Emphasis in research is now concen-
ions of capillary flow in explaining the losses
ce of soils by evaporation,

is always from regions where water is
F values) to regions where water is tightly
), so that the tendency is to equalise energy.

n the soil when capillarity can no
l is too dry) must be by vapour
1c soil. Since, even at wilting point.
ally saturated with water, movements
‘are important only at pF values

are
il is drier than wilting point, water
ed by temperature fluctuations, for
the afternoon from warmer to cooler

vapour movement followed by evaporation, a great
s lost by transpiration. This is the mechanism

bsorb water which moves through the plant
-ssential nutrients and is eventually lost to the
h evaporation, mainly Lhmugb the stomata, zhr.t
piration in the leaves. Transpiration losses may
1e loss is generally expressed as the frfanrpm..rmznf

which is the units of water transpired b\ the
: ry unit of above-ground dry matter.
} ount of water available,

1€
I

rano or coer
plant in the production of every .
[ ranspiration ratio varies with Ih‘L_ e ta are open, and the
the period of the day when the plant’s stomalz 'gcof 500. 1o
solar energy falling on the crop. A transp:r:}ﬂ"t‘ﬂi‘_‘;ﬂ:'a e
produce 4,000 Ibs of dry matter per acre, I-n‘nru:;.ll during the
from the soil equivalent to mine inches of l‘ﬂj o Lrangpim‘
growing season. Lucerne, clover and most eqm)ss;:near Stk it
tion ratios near 800, potatoes, oats and cow-pea
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and barley near 500, maize and sugar beet near 400 and millet
and sorghum near 300.

It is true that a vegetative cover greatly reduces the rate

ion of water from the soil surface, but transpiration
more than compensate for this. Fallowing is a .wcl]-!-'.n-.sx\:; I
tice to conserve soil water by reducing transpiration losses. In
Australian wheat belt, where fallowing is widely practised
been claimed that the moisture conserved may be the equiva
threa inches of rainfall, which is apprcciuhlc when the f
i o season may be only 10 inches, It was previousl
that the cultivation of fallow was effective in conservi
because it broke the soil capillary channels and thus
losses by free evaporation; however, it is now thougt
main effect lies in the removal of weeds and the
transpiration losses. Removal of weeds withot
ed almost as effective as harrowing; but the
heavy clayey soils that are lying fallow does
moisture from the lower layers because it prevent
cracking from taking place.

Mulching aims to check free evaporation from
surface. A mulch is some type of thin covering ot
surface. A mulch is not ploughed in but re :
soil to seal off the capillaries and prev
artificial mulches are in use. One of the st
chopped to about 5 cm in size. A thin coveri
reduce water losses from the soil to 1/10 the usu
that is chopped more finely than this is less e
meorporated into the soil. In Australis
bej:n used with some success, although their |
raise the temperature of the soil.

Selj-mulching soils are prized agriculturally.
drying, a natural ability to develop a crumb stn
hﬂlf—_l.o quarter-inch. This natural mulch preve
cracking and breaks the capillarics as shown in
Many Australian basaltic soils, especially the black eart
krasnozems, are self-muiching, "
suitable for irrieat frst i? be reclaimed before they

gation. Saline soils (soils containing too muc

of

") o bo effectively reclaimed by irrigation and the addi-
gypsum (calcium sulphate), from which the calcium

resulting t::d;ﬁm Ln the soil, and re-irrigation leaches the
sodium in soils :&P aécha Lime is less effective in replacing
pter 11). Repeated irrigation may

raise the water table (the level below which the soil is
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structured cloyey soil

\.\I \\-\%,

I N

1 \

in very heavy
ntolerant of

er table

at

SOIL ORGANIC MATTER

ed not be organic. T¢

rzon

own colours mn
5 p!u-':c;zi pre

ces very heavy soils easier
ion; and it increases the
(organic colloids have appr
capacity of inorganic colloids).

25 all non-m

(calcrum

Organic matter is the main p sible
! It has profoundf}.' beneficial
it encourages granulation;

oximately three times th

» the pedologist,

s probably do not develop

igme
soil.
yperties: :
to work by reducing
water-holding capa

&

In addition, organi

ching seil

soils where
a high water

- feet from the surface
1e surface for pasture,

by irrigation,

y wet season, may bring
water is more saline than the
wust be lowered by drains, and
yre quickly the water will flow into

ineral carbon compoumis
carbonate) is excluded as s
organic matter 18

until organic
nt responsihic

plasticity and

city of the soil

water-holding
c matier acts
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2t o storehouse for many plant nutrients, which, after ce

reactions occur, become available to plants
Aside from fresh leaf and root litter, the soil’s organic matte
may conveniently be divided into two parts: first, that whic
mmgumble as fragmentary material deriving fr living
isms (the soil microbial popu!amml second, }rrm.qv which is
unorganised, darker in colour and gel-like in pmpcr.m. Although
investigations into the nature of humus date back to the
early 19th century, very little is known about it because crystalline
derivatives of the main constituents have not yet been prepared.
The a.morphous character of humus is the stumbling block to
progress in this field. However, soil organic matter can be bro
down into several fractions, each containing a number of ch
compounds whose physical and chemical properties cannot

simply explained in terms of molecular structure.

In Fig. 3.5, from three-fourths to one-half of the soluble orzan
matter occurs in the humic acid fraction. the t '
lower for forest soils than for grassland sc
fraction is the most mobile constituent and so
with depth down the soil profile. Fulvic acid 2
potenl factor in the process of pm.?‘ lisation, ar
major complexing agent assisting t}
aluminium down the profile. Fulvic

| 3
is

translocation of iron

acid, unlike humi

SOIL ORGANIC MATTER

strongly ro loured
humic matter

L]
treat with
aliltaf'r
insoluble soluble humic
humin fraction
treat with
acid
T
soluble fulvic
=y
extract with
caustic soda
soluble insofuble
B-humus

Figure 3.5: Fractionation of soil organic matter.
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colourless or only slightly coloured, so its acey

mulation does n
q.].,m a black colour to the soil. s

: Soils which are black in colour
have been hn,r\d to contain higher proportions of humic acid than
\,LH are not black. Chernozems may contain more than

- & O 1 11C ™ ol
15 9% um acid in their organic matter, while y
; 1% podzols may

i€ as

difference between soils and newly weathered rock

contain a living population of mic ro-Organisms
gy by (mdmnu organic residues left
the animals that .3! these plants. In turn,

soil subsist on the products of microbial
15 in the soil may be divided into
Microflora include bacteria which are
numbering 4.000 million per gram of
moist conditions, actinomyecetes which
cease to grow below pH 5.0, and algae
precursors of the higher plants The

ing organic debris
ng nitrogen available to
ermites and arthropods) are
ial through the soil and in

Ea”h worms, which are found
arge amounts of plant material
| tracts. Their excreta, which
can be consumed by smaller
tes also favourably influence

aeration.

r may be estimated as organic carbon
-n"rnm‘nm.\ 57% carbon). Organic
ed rn digesting the soil in acid potassium
antity of dichromate used calculated by
sulphate. The equipment peeded for
carbon is 1.-.‘rl\ elaborate, so estimations are
out only in soil s laboratories.
Soils that are extremely high in organic matter are called peats.
1 nt of organic matter rgqu:rcd for classifying 3h5°ﬂs“a;:
peat varies among pedologists, but it is always very ]I:i:; th‘zjm e
above 40% ; even if a soil is Ve ery black but wmzlfnf)roamc N
amount it will not be a peat. The high amount ity Sils
in peaty soils produces a friable wm‘.lsth\P . :ils e
more coherent and clayey soils less plastic. Fed }a.d it
associated with a slowly rising water table, of s:;j);v 4195
tion of a lagoon, both conditions having rush aﬂf oois :fgwas tal
In Australia, peaty soils are found in infilled lag
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barrier systems and in ill-drained areas in highland regions such
as the Snowy Mountains. Poorly drained glaciated regions of
Northern Eurasia and North America have well-developed peaty
soils. The high concentration of organic matter prevents podzo-
lisation, though rainfall may be ample.

SOIL MINERAL MATTER

Soil mineral matter is that part of the soil which is most clearly
affiliated with the soil’s parent material. Soil air and soil water
glosely related to the soil’s external environment, while soil organic
matter is related to the vegetation growing in the soil, but most of
the soil's mineral component is derived from the € 1
jparent material. Some mineral matter may be added extern
soils receiving steady accessions from above, for example s
the lee side of deserts receiving additions of loess, or
receiving periodic topdressings of silt after floods. In m
however, the mineral component is wholly derived from the ur
lying parent material, the material which has been transfors
the soil horizons.

Soil mineral matter may be divided into pri
components, To a certain extent this division is : Tary, as
munerals which are identical in appearance to primary rock
minerals may form authigenically in the soil profil )
apatite which can form from soil phosphates and m
0 primary, igneous apatite); conversely,

| minerals are the products of weat
itself. Thus there are many ways of defining ;
and secondary. One way is to regard primary minerals
\ﬂ}lch have not undergone chemical change during th
soil formation that is being considered. Primary, in
implies residual: however. it is extremely di t to distin !
between the primary and secondary minerals in soils fc d from
parent ::E!aterials containing minerals which have we: ]
actially in a previous cycle: that is, most of the sedir
some of the igneous and metamorphic rocks.
A more practical distinction between primary and s
minerals reserves the term 1

ary and con r
ary and sece i

primary for those minerals which have
never weuhen:d subaerially and so excludes many of the minerals
of sedimentary rli)cks_ But not all igneous rocks ‘contain minerals
which are chcm:cally identical to the form in which they first
M"d from molten magma. When magma consolidates.
.‘I!l‘l‘.lm mi!:t‘iﬂr:ls crystallise O}]t first, icaving the ‘rcm;lin]ng magma
= components from which they formed. Late mag-
‘matic ”l\:t::u may be chemigdly incumpa'liblc with these c.al‘T}'
‘minerals may attack their surfaces, altering them to clay
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minerals. Such alterations, which oceu
consolidation of the magma and the
1y resemble the subaerial alteration products of the
An cx:amp_k" may be taken from the consniida;ios;m 0:
ma. Olivine is one of the first minerals to crystailise
ly high temperatures. It is attacked by late magmatic
ns 1o form a group of clay minerals which Jmay be r%ddish
our (from the iron in the olivine). This alteration product is
Idingsite and contains the same group of clay minerals
can form from the subaerial alteration of olivine. Altera-
mary minerals by late magmatic solutions at high
srat i red to as deuteric alteration. Thus, althoug
have never weathered subaerially they may
Is like those which form from subaerial altera-
the difficulty of distinguishing minerals altered
i altered subaerially, some pedologists prefer
y for minerals unaltered both deuteric-
sense in which the term primary

r during the later stages of
refore at quite high tempera-

are unaltered chemically from their initial
a first consolidated. They comprise
f igneous and metamorphic rocks and some
whose primary minerals may have survived
quartz, for example, is an extremely
ral and is the main constituent of sand-
rals are the alteration products of primary
¢ altered in situ through the loss of certain
n often, they represent the combination of

ts weathered from primary minerals. These frag-
ons (charged elements, e.g., Na*) or small struc-
. carry a charge. Because secondary minerals are
products, they are usually smaller in size than primary

minerals tend to be larger than secondary
Jation between the nature of minerals and
the size fractions of the soil. The sand fraction ‘z‘ofmﬁﬁ (Tefs
diameter) tends to contain primary minerals, the o minerals
than 0.002 mm diameter) tends to contamn secondary o bo‘l.l;
and the silt fraction (0.02—0.0002 mm diameter) into fractions
primary and secondary minerals. This ‘Cﬂﬂce“tr.auon Imm are
is incomplete because colloidal (clay-sized) prtgnﬂmv contain
known, especially quartz, and the‘sand frac ither through the
aggregates of secondary minerals which deve.[o ) el oy or through
alteration in situ of primary minerals (.8 1! Ings ok whi
the very firm cementation of groups of secondary

minerals, there is a corre
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separated by mechanical analysis (e.g., the iron oxides,
mn(u'hich are counted in the sand fractions).
u% minerals found in soil may be divided into the following

1. Primary aluminosilicates. These make up the greater part of
the sand fraction of most soils and are the parent materials for the
secondary minerals,

2. Silicate clays. These are secondary minerals and make up
the greater part of the clay fraction of many soils.

3. Sesquioxides. These are secondary minerals and consist of
the hydrated oxides of iron, aluminium, manganese and titanium.
They are found in both the sand and clay fractions and are the
main constituent of tropical soils.

4. Other oxides and salts. These include the soluble and
slightly soluble materials which are neither silicates nor sesqui
oxides. They may be either primary or secondary minerals. They
are important in the soils of desert regions and include lime,
gypsum and halite (sodium chloride).

1. PRIMARY ALUMINOSILICATES

Most of the soil's primary minerals are aluminosili
important are oxide, sulphide and carbonate prim:
Silicon is just as important to the inorganic world as «
the organic world. Carbon and silicon have certain a
belong to the same group in the chemical periodic ta
four-fold co-ordination. Silicon has the remarkable ability to form
linkages with oxygen atoms and other silicon atoms, while
aluminium and other cations occupy the interstices formed by
thcsc' linkages. The aluminosilicate minerals are complex both
phys_lca.ll_v and chemically. Their physical structure may be ex-
ceedingly complicated three dimensional frameworks of silicon and
Oxygen sheets linked by various cations which may replace each
other, Chemically, they are even more complicated: certain
wlogs in the structure are weaker than others so that cations
the amoa; may 9:_1-61' or 18.1}\@ the structure in either case, causing

bmek_ own which constitutes weathering. The relative ease of
Wweathering of the aluminosilicates depends on many variables,
both internal and external 1o the mineral. The t i :
e _ eral. The most important
internal aniables are (a) the nature of the cations hold: -
. € cations holding the
Structures together, (b) whether the structure le ically
e Tes are electrostatically
neutral, e (c) whether there are empty positions in the structure
through which water can penetrate,
e The lh_mmosiﬁcal.c. minerals may be classified according to
ehemical composition and structure as follows:
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1. Orthosilicates, which are independent groups of sil
oxygen linked by basic cations. In the olivine gl:-ou :_;,“]m o
cations are iron and magnesium, lron 18 readily ofilllscil I'nhtﬂs
presence of water, causmg olivine to weather very readil rn
reddish mineral, ;thhuugh the structure of olivine is a fa; | e
Other members of this group, such as zircon whicu}:ri: lﬂni;b:;
by the relatively inert element Zirconium, are much more n:s]jstam
o weathernng.

OInc.

2. Chain siructures with single or double chain linkages. The

s have single chains of silicon, aluminium and o;}-cm
VoI esium, iron and calcium and are fairly cefsii"
g their cations. The amphiboles have double
inium and oxygen, linked by various cations.
s of the silicon, aluminium and oxygen,
ral is to weathering, so the double chain
re resistant to weathering than single chain

he amphibole (e.g., hornblende) chain
by the parallel linking of pyroxene

rocess were continued indefinitely,
The micas, chlorites, and silicate

¢ sheet structure. The sheets are held
ions including potassium, which provides a
ire and is relatively easily lost. There are
1: biotite or black mica, and muscovite or
is more resistant to weathering than is black

f linked silicon, aluminium and oxygen atoms. The feld-
important member of this group. There are two main
var, orthoclase or potassium feldspar and the plagio-

n-calcium feldspars which form a series from
rich member) to anorthite (the calcium pch
embers contain both sodium and calcium

: ‘ds form in rocks where there is a
athoids form e

termediate m
). Feldsp .
y in silica. The feldspathoids (e.g nepheline)

ipidly in soils.

Pure silicon oxide (silica) exists in many f"“’}i-sd":ﬁo:;ﬁ
common of which is quartz. This mineral, being a ¢ > whidh
structure and lacking the cations (irom, almr_nmmm.. ete. A=
make all the other minerals so vulr_lerabic, is k‘;r)un:;? special
weathering, although it may be chemically attac
conditions which will be discussed in Chapter 7. from molten

In igneous rocks (rocks which have ¢ minerals form s
magma; ) there is a definite order in which the
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the magma cools. This order, which is called Bowen's React
Series, closely follows the list above, in that the o *

ise out first, then the single chain silicates, then

chain silicates, then the sheet minerals, and finally the tf
sional minerals. Thus olivine is one of the first
and feldspars are one of the last. It was |

believed that Bowen’s Reaction Series closely correlated wi
order of subaerial weathering of minerals, and that the resi
of minerals to weathering closely followed the order
but it seems that factors other than chemical co
structure are equally important in mineral weath
structure of minerals (whether they are prismatic,
shaped, etc.) seems to be very important, and some of

minerals (such as biotite) appear to weather n I

they should according to their position in the

Bowen's Reaction Series, for the minerals discussed s

written as shown in Fig. 3.6.

Hormbleads

\

Bictite

\

Muscovite

Temperature
1540° C. Quorie. Potosh feldsr

for instan EE this order;
and quartz is";‘:“:[i;::ﬂf of the most readily weathered minerals
The calcium Plagiodase:mﬂ stab]_e under various soil conditions.
easily weathered than the (anorthite, bytownite, etc.) are more

sodium plagioclases (albite. oligoclase,
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* S <

srthaclnds - ald r

rthoclase r_pot.ish fL:N.apa.m 15 the most resistant of
igh orthoclase crystallises at about the
17 a & end of

iz, at the end of the consolidation of the
ore resistant in soils.

-.\'mlc;} resist u.'c.:tha:ring_ tend to remain
while the readily weathered minerals.

are soon lost and their weathering
soil's clay fraction. The rcadﬂ:
only in the C horizons of soils
They may be found in the B
> A and E horizons where the

a soil is closely related to
h in resistant minerals, the
munerals, the soil
according to their
strongly influences
gists to understand

rocks which are rich
in the sense of high

which are poer in
erature minerals
e are poorest in

rature ierals are
perature minerals
ships are shown in
taining, for example, olivine
olivine and biotite. Where
different chemically from

¥CLase,

it 18 quilc
1

a great deal about soil formation.
.nd side of the table tend to form clayey
v weathered minerals), while l'rlc_rocks
{ to form sandy soils. Since the mirn_:rals
are higher in cations (iron, magnesiit,
etc.), soils derived from rocks containing them lcnd_tla
re productive. Thus a basaltic soil is I;.\o(h more productive
heavily textured than a granific SOt 4 o By
ture of the aluminosilicate minerals found in soils is

The 1 e the
> : i orability, but t©
related, therefore, not only to their weatherab )'actor is dealt

parent material. Parent material as a mi}-foﬂ'ﬂl“ﬁ Ihic rocks are
with in Chapter 5, where sedimentary and mﬂ'm:shj between the
also discussed. Fig. 3.7 demonstrates the g

be 1

and mor
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58 (e.g. Orthoclose) e
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silica decreasing, Fe, Mg, Ca, dark colour increasing

. .
= —

{v) means volcanic (fine grained rocks formed near the
surface)

{p) means plutonic {coarse grained, deep rocks)

Figure 3.7: Mineral composition of common igneous rocks.

common minerals and rock types. From Fig. 3.7, it is obvious
that granitic rocks contain quartz, much orthoclase, a little plagio-
clase. homb!endc, and sometimes biotite. Basaltic ont

olivine, plagioclase and pyroxene.

The Weathering of Aluminosilicate Minerals

rocks contain

= Wyathcrmg is _con}'enienﬁy divided into physical and chemical.
hysical weathering mvolves the breaking of minerals into smaller
fragments without chemical change. In weathering physically,
mb]:em thglr surface area and so make themselves more
mthc to chermcal attack. It would not be wise to try to
assess the relative ﬂnpoﬂanccsepar;f pl'll_]_\mcal am}i) chemical weathering
mpt £ them as the two are so inter-
m mn is doubtful Wwhether one operates without the
weathering, which involves the loss of constitu-

4 new minerals, is present wherever there
is water, ; : IS P erever there
v Ph)mh.l weathering operates wherever there is sufficient
may m"m mmin als to cause them to shatter. This pressure

from internal conditions within the mineral, such as
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nical zoning or the presence of voids or inclusions
sult from external conditions, such as lemperature fiuctuati{ms
root growth, animal burrowing. frost sh:mering_ or mnstric:jm:.
when the enclosing soil swells or shrinks. The importance of
yysical weathering lies not in the actual reduction in the size of
ineral concerned, but in its increased potential for chemical
tack as a result of its increased surface area. The
+ area of a mineral, the higher are the number
for chemical attack.

or it may

greater the

of possible
At the surface of a mineral, weak

ible cations and empty positions in the structure are

s, chemical weathering is vital, though the
an in humid areas because of lack of water.
cal weathering, because the weathering
i ions exist only in solution. Chemical
the movement and replacement of ions.
eral or are replaced by smaller ions, the
g more ions. The categorising of
1on’, ‘hydrolosis’, “hydroxylation’ as
textbooks involves cumbersome ter-
purpose, so it will not be attempted

| weathering.
nerals may be regarded as sheets of
er by cations (silicon, aluminium, cal-
sium, iron, etc.). Oxygen anions have a
A! and are roughly spherical in shape. Spheres,
o as to occupy the smallest possible \-olgmc. con-
f interstice or space between them. This may be
tennis balls, representing the oxygen
hem in rows so that they occupy the smal}est
noticed that there is a basic repmdu;nble
and that the interstices between the balls are o{ two sizes.
. of interstice is surrounded by four balls (this IS called

he tetrahedral position), and the other is surrounded by eigh

salls (this is called the octahedral position); the latter mlersl‘-t::j i‘z
clearly larger than the former. The two positions a.rc‘nllus;rr?th o
Fig. 3.8, which shows the positions in plan e sa?r?u‘the tetra-
balls of another plane dotted in. The Ib:ills Surﬂ‘:l;nia%oms. has a
hedral position form a tetrahedron, “-h;c}?.‘for OXY “‘mded by six
diameter of 0.30 A. The octahedral position Isb(s)]:lom a long way
balls, with one at the top and another at the y

. : A d bottom balls are
from the octahedral interstice. These top an

e T 2
e R of atoms,

- PR g the radius
1 The Angstrom Unit (A), which is used to measure

is 10" centimetres or 0.00000001 cm.
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;. ines in Fig. 3.8 (d). :
wm w;:l:ﬁ;ﬂ A for oxygen atoms.

The diameter of the octa

The P
tetrahedral ( { | |
position =

The
octahedral

7 o
POSILIOf i

{c) Plan

Figure 3.8: Tetrahedral
nosilicate m

Because the tetrahedral and
relative 1o the size of cations
together, only a few cations
interstice is so small that only silicon (
without undue strain, as the 0X}
will bend a little. Aluminivm (diame
found in the tetrahedral position is mu
strong distortion of the structure, making
by weathering, Aluminium, on the ]
small for the octahedral position, where it fits
The other cations found in the octahedral posit are t 2
and fhf" are vulnerable to chemical attack “The common cations
found in the octahedral position

are:;
lm'ml i 0.78 A d.iﬂ.mﬂll:f magncsium 0.78 fCITLTl;t_Ei-_
sodium (iron IT) 0.83
0.98 calcium 1.06
1.33 barium 1.43 ferric
ammonium (iron IIT) 0.67
o) Manganese (.91

other ha
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Thus one way in which minerals weather is by breakdown at
weak points caused by the presence of cations that are cither tog
small or too large to fit the interstices they Occupy. Bonds are
nd the cations released.

erstice is occupied by a cation, so cations from the
liffuse in_w ;}?: structure to occupy the empty
Upsel the clectrostatic neutrality of the struc-
her cations to leave, causing the structure to
-t contains hydrogen ions in the concentration
if the soil is neutral or alkaline.
ble to take part in jonic reactions. In acid
icentration of hydrogen ions; and

I concentration of hydroxyl ions.
est of the cations, it can occupy
the structures, The water molecule,
tion and can fit into struc-
eutrality. The hydronium ion
the water molecule, is fairly
as a retarding influence on the
of water or ions from water
1) into minerals is a part of the

g reaction is the oxidation of
n I11) ion by the removal of one
r than the former and, because it
it promotes structural instability,
(iron II) ion have a weakness.

tion may be considered from several
; ywing weathering reaction:
K biotite + H.O — H biotite + KOH

ix. biotite -~ H¥ —> H biotite 4 K* ‘

which involves the loss of potassium irom t.bn;
led as oxidation (K forms K+ by the Ioss_ :)‘
dration (H* enters the slmct_ure}. a cag;;
reaction (K+ is replaced by .’f‘ ) or a diffusion ;cfaf{_]'
ses into the empty position left by the dcpan‘eurems .
In fa this reaction may be labelled b\ aJI_of these - mc s
more important to consider the rracuonsl.‘m Eerms

involved [r.i];m to describe them by a chemical term.

> ] T - ~ rer — -
2. THE SiLiCATE CLAYS . St b

From the above considerations, it 1s ap ven fragments of

reactions produce cations and anions
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L -of cations enclosed by four or six
(E;mll fragments may act as a nucleou?ﬂ:
‘other charged bodies or dissolved in the
In this way, a clay mineral is born from the products
of the aluminosilicate minerals. Since aluminium in
position is unstable, the aluminium in clay minerals
likely to be in octahedral co-ordination. Silicon, on the
is more likely to be in the tetrahedral position; so clay
e likely to contain silicon tetrahedra and aluminium
. The nature of the clay mineral so formed depends on
reactants present as well as on the environment of formation
varticular, the pH).

silicate clays build up, little by little, about the nucleus as
reactants become available and conditions favour their
on. Most silicate clays are crystalline (a few more
' examined types such as allophane are non-crystalline)
structures resembling those of the sheet aluminosilicate
s (the micas) already discussed. The silicate clays are
e in structure under the electron microscope. Because of
‘excess oxygen in their sheets, their charge is negative, so they
e like huge anions, ing cations and the positive ends of
molecules as shown in the diagram (Fig. 3.9).

j
|

J| .-

| G
b

v

H+ H+

.
7%
gl

NH
«

Micelle

CONSTITUENTS OF SOIL T

held, they are readily removed or replaced by other cations, This

jacement of cations on t!le micelle by other cations is termed
cation exchange, and the ability of the clay to exchange cations is
wermed the cation exchange capacity (C.E.C.). As the cations are
held rather loosely, they may all be exchanged, In the laboratory,
one can replace all the cations by ammonium (NH,+) by leachi
the soil with ammonium chloride. In the field, when a farmer
adds gypsum (CaS04-2H,0) to reclaim a sodium-saturated soil,
the calcium replaces the sodium as shown:

chrge o
S g:hmm;suspmﬁedctaystomelegmc

3+ + 2+
Na Na Ca
k. + 24+ +
Na g ; Na +3Ca -—i; Cca 1+6Na
1 3
Na' Na™® Ca“
Figure 3.10: Diagrammatic representation of cation
exchange.

The student will notice that since calcium carries two positive
charges, it replaces two sodium ions. In nature, the efficiency with
which ions replace each other depends on the ion concentration in
the soil solution, the activity of the ioms, and the number of
charges on them. Ions which attract water are greatly reduced in
their speed of travel (lithium is a commonly hydrated iom).
Taking these and other variables into account, the common soil
ions may be rated as follows in descending order of their replacing
power:

H>Ba>Ca>Mg> K>NH,>Na>Li

This means, for example, that sodium and lithium are very easily
replaced by hydrogen. When there are similar concentrations of
both sodium and hydrogen ions, hydrogen, being more active,
tends to replace sodium. Thus sodium-saturated colloids are found
only in desert regions or areas of low relief where the concen-
tration of sodium is high relative to hydrogen. Seils of g
areas are likely to contain clays saturated with hydrogen. Soils -
semi-arid areas may contain hydrogen and calcium-saturated clays,
Wwhile desert soils may contain appreciable amounts of exchange-
able sodium and potassium.

The total cation exchange capacity of soils is expressed in milli-
Cquivalents per 100 gms of 9.03.a ';'yhm measure is related to the
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which is monovalent. The cation exchange capacity
lh'oﬂazlﬂlﬂdbymphcingaﬂofthe cations with
and estimating the amount required for this replace-
.ds on the organic colloids® and sesquioxides as well

+ clay minerals. ic colleids have a cation
m (CEC.) of 200-450 m.e./100 gms. The
. mﬁm and silicate clays is lower, ranging up
m.e./100 gms, so the C.E.C. of many soils of temperate
“somewhere in the vicinity of 50 m.c./100 gms. A high
“means that a soil has a strong ability to fix added fertiliser
such as calcium and ammonium. Sandy soils, bemg low in
s, have very low C.E.Cs, so added fertilisers are soon

Cation exchange has received most attention in soil science, but
‘anion exchange is also important. Anions in the soil may replace
ms in the outer layers of the clay micelle. Hydroxyl ions
~) are commonly found on the outside of clays and are
readily The anion adsorptive powers of soil clays are
a " found to be associated with the presence of iron and aluminium

~ compounds since the removal of these substances greatly reduces

- anion jon. Anion adsorption is particularly important in
the fixation of soil nutrients, especially phosphates.

IR £ Jay minerals have the ability to adsorb water molecules, which
- are s0 that their positive ends can attach themselves to
' the negative clay micelle. A clay can adsorb water from both the
~ soil and a moist . When a dry soil adsorbs water, heat
|5 evolved, called the ‘heat of wetting’. At low vapour pressure,
fﬂl,lmwhh potassium, sodium and ammonium adsorb less

b=

i Wwater than clays saturated with hydrogen and calcium; but at high
- vapour pressures, sodium-saturated soils adsorb the largest amount
- of water. ¢
. The silicate clay minerals may be classified according to the
of the silicon in relation to the oxygen sheets, into two
8, one of which has a more open structure than the other.
~more compact p can be subdivided according to
ber of silica and alumina sheets in the lattice and the
‘hydration. A classification of silicate clays is outlined

size. Colloids are generally considered
200 microns in size, so they are larger
ich a5 sucrose, yet too small to be seen under

or inorganic. The term clay,
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SILICATE CLAYS
e o conpact sess
Kite
s E .._g:in-:l I ‘
attapulgite
Ej%}l;ﬁim

hydrated kaolin group,

: Eroup, eg. kaclinite,
L g nacrite,
b halloysite  dickite

montmiorilionita

Figure 3.11: Classification of silicate clays.

tys of the palygorskite group are fibrous, open and well
Ihe minerals of this group are not common in soils, but
in lake deposits which have salt-lagoonal charac-
e of this association, these minerals may indicate
1e transported soils. In the Riverina in New South
ieral palygorskite has been associated with one of
ported soil parent materials. Beattie and Haldane
(1958) consider that this mineral suggests aeolian transport from
the west as the origin of the Widgelli parna, with which it is
associated. Palygorskite is restricted to the Widgelli pama and is
not found in any of the other allegedly wind-transported soil
parent materials.

The 1 :1 lattice clays include the kaolin group (sometimes
referred to as the kandites, from the minerals kaolinite and
dickite) and the hydrated 1 :1 lattice clays. The crystal umt.of
the 1 : 1 lattice clays consists of a silica sheet on top of an alumina
sheet firmly bonded in octahedral co-ordination. The sheets are
firmly held by ~O-OH- bonds. The variations between kaolinite,
nacrite and dickite relate to the stacking of the silica and ﬂ;{“&“’
sheets. Halloysite has a structure similar to kaolinite, but with 2
layer of water hydrogen-bonded between the silica and alumina
sheets. The water is firmly held in cach sheet and whea halloysite
is dehydrated, the resulting mineral contains more Spacing




halloysite common in well weathered
g wespﬂdﬂﬂ i:mmdnl?opical soils. Because the dis-
mﬂ'ﬁ nys:a]);arﬁcc is fairly fixed, very little expansion
1 : | lattice minerals occurs on wetting, and few cations can

:um the sheets; so, relative to other clay minerals, the
exchange capacity is quite Jow (CE.C. kaolinite is 3-15
)( CEC. halloysite is 6-10 m.e./100 gms). The
s bonding of the particles tends to prevent breakdown into
particles, so the kaolin minerals are often larger than the

e
silica sheet |

Y s =l
crystal o alumina sheet
uait silica st

"o
.
 Diagram of 1:1 lattice clay, Diagram of 2:1 lattice clay,

&g kaolinite e.2. montmorilior

Figure 3.12

clays include the hydrous mica group and the
m’ group (also referred to as the monfgmmgllomtc or
). The ﬂﬁﬁ;’tﬂlﬂhugt msistsbo{ an alumina sheet
K shects, but, unlike the kaolin
mz“ﬂ? weakly held by —0-0O-— bonds. Water
- between the crystal units, so the
“wxpend. and hadws not remain fixed. Hence these
mﬂ‘-\nﬁ ve high cation exchange capacities
Wlmm,u Glltemnl surfaces). The C.E.C. of

iy ©./100 gms, Some of the aluminium
SE MW by iron and magnesium. This
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structures, so that montmoriiloni
minerals under acid We:gthi.'ringfmE ey alter to more stable clay
Ik_l.[w 2 } lattice: clays are most abundant in
alkaline soils, especially under gr 3
The expanding lattice of the c%a?‘f‘,ﬂgni\i,s a;u:;le tf:ﬂch“um
shrinking and swelling properties, making them ye f ﬂ.’m high
manage when wet, and causing them to crack badl ?Vhdlﬁcult -
The hydrous mica group is even more “Mly;blem[hdq'
montmorillonite group and alters quite readily to one of lhan e
stable groups of minerals. There are two main groups of h\'- :jnm
u:‘,iuus__ the illite group which resembles muscovite rpn?ca tnysx
ture but contains more water and less potassium, and the
ver e group which is more closely related in structure to
a. In illite, 15% of the silicon in tetrahedral positions
h_‘u '.i!uml.m'um, with potassium ta.kj.ng up the extra
he potassium lies between the crystal sheets, fixing
r more firmly than in montmorillonite, so illites are less
and have lower cation exchange capacities (C.E.C.
100 gms). This replacement of tetrahedral
n and the introduction of potassium between
structure, so illites weather quite readily.
s are not so firmly bonded, so the cation
igher than in the illite group (C.EC.
e./100 gms).
her in soils, potassium and the other cations
e out of the structures. Potassium release is hastened
I of potassium by plants and by leaching, and water
> lattice to form the hydrous micas. Under slow
¢ (weak leaching) the weaker hydrous micas
nder rapid potassium release (more intense leaching)
able hydrous micas form; and finally montmorillonite
ns. Thus the hydrous micas may be transitional minerals
formed under initially weak leaching, as shown in this equation:
Mica == Illite = Vermiculite = Montmorillonite L
The equation shifts to the right, increasing the laitice expansion,
by decreasing the concentration of potassium; but the addition %
potassium shifts the reaction to the Ieft.

the neutral to

0

3. THE SESQUIOXIDES irated
he term sesquioxides is used in P‘C’ddogy_ fof the. R

oxides (or hydroxides) of iron, aluminium, tfanium a.nd -
ganese. Iron and aluminium oxides are the most lmpmmm
members of the sesquioxides. In Chapter 2 #%:Wed %
iron is one of the main colour pigments soil, while

oxides are white. Manganese and titanium
black in colour.

oxides are often dull
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leached under aerobic conditions, silicon
than the sesquioxides, which accumulate
-0 and aluminium are more abundant in
& nganese. titanium, they accumulate at a faster

- Wﬂ yence on soil morphology. Iron and
e from amorphous to crystalline in their

hydrous
oxides, e.g.
hasmatite,

glbbsite

oxides have y been discussed under
form a continuous series from
types, such as haematite to the more
such as geothite. Unhydrated, Ilblalt:k iron
s magnetite tain oxygen atoms in the closest
with the co-o:::l,xunatmg ir)cr:gncin tetrahedral and octa-
of the iron oxides, once formed from the
ing, have very low solubilities and

very intense

1;1 lattice

- in the octahedral position. Boehmite and
pore contain octahedral aluminium co-ordinated by oxypen
hydroxyl. Bauxite, which is mined for aluminium, is mostly a
ure of gibbsite and boehmite (its reddish colour comes from
“‘impurities’).
iie and anatase are common primary titanium oxides found
soils, but anatase may form authigenically in the soil. In some
es, titanium n:;ay wtute for iron (e.g., titanomagnetite
[aemite ). orphous, hydrated titanium oxides,
leucoxene, are found in the sand and clay fractions of

. nrd;hhmm inlsoi]s as pure oxides. It is more
are more resistant to weathering than any of
' minerals, They !m_re the lowest cation exchange
‘smallest ability for shrinking and swelling. They are

e common constituents of the intensely weathered
S in which silica leaching has occurred. . ;
 of clay mineral that forms in a soil depends on a

Figure 3.13: Influence of weathering conditions on clay mineral formation.

.-m_ﬁ_mmmthenme of the parent ¢ ;2 g
; can form only a limited variety 2 2 . 2.0
A of the parent minerals limits 2<8 o 855883
&;fm'mmon. The second and Sc=£ 3 §£E§§ e
A e ..-'mi_smewﬂ}t_heringenﬁmn- G- Eﬁ:gg E
mkn conditions (in arid or <= o E 2 E=S -

ample supply of cations and less




: v gilicate structurcs, sO the 2 : 1 lattice
.. "_miw; clays form. Under more acid
i Uﬂ s these clay minerals are unstable and brcak
kaolinitic type) clays. Unglcr moderately
1 htl&:l(llm clays are sym.heswed from the
5 iy i inerals. rather than the 2 : |
ing p '"":" d”ﬁ?&eﬁng, as in the hot, wet
. 1:1 m clays are unstable and some may
* losing their silica, to form hydrous oxides of iron or
2 ﬁmm the other constitueuts;hl’nhm(:;ry mme‘r‘?ls.
r such conditions, may weather directly to the hydrous oxides,
- bung }uche?a zway as soon as it is released.
the higher the rainfall and temperature, the greater
of weathering and the leaching of the weathcrcd_ con-
So there is a correlation between the cla_y mm_crul
soils and climate. If one studies only the soils \Ii-:rner‘!
s rocks under various climates, this correlation is even
ore marked. For example, the soils of desert areas contain very
i clay minerals and these are the less stable 2 : 1 lattice types.
pzem soils (soils typical of semi-arid regions) usually contain
amounts of 2 : 1 lattice clays and lesser amounts of
lattice clays and are quite Jow in hydrous oxides. Podzolised
S (soils typical of humid, temperate regions) usually contain
amounts of kaolinite clays, with lesser amounts of
s oxides and no montmorillonite or very little of it
soils (soils typical of the hot, wet tropics) are very high
sesquis 1 ‘Vlﬂi lﬁ;r amounts of kaolinitic clays and very
rely any 2 : 1 lattice clays,
‘Fig. 3.13 illustrates these trends. Two broad classes of parent
are treated

conditions of weak leaching, cations and anions accumu-
the soil to Nc;can extent that they are in excess of what is
synthesise the silicate clay minerals from the products of
g These ions combine to form salts, such as lime
] iR (calcium sulphate), halite (sodium
many _sim these salts are absent from the
2reas, they will be discussed in Chapter 11, which
the s0ils of arid areas.
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Chapter Four
Soil Fertility

CONTENTS
Physical Factors
Chemical Factors
Summary of Chemical Factors

FOR A VERY LONG TIME MAN HAS BEEN AWARE OR FERTILITY
differences between soils. Variations in fertility are reflected in the
natural vegetation even before man cultivates the soil, but they
become more pronounced after cultivation. Soil fertility is the
soil'’s ability to support plant life, and it poses world-wide
problems, particularly for Agricultural Science. In this book soil
fertility will be treated only in the present chapter because our
main concern is pedology, but a list of references will be found at
the end of this chapter for those who wish to study the matter
more deeply.

Low fertility in soils can be caused by a number of factors
which can be broadly classified under two headings, physical and
chemical, depending on whether the low fertility is related to the
physical features of the soil such as water, air space, structure or
texture, or to the chemical features of the soil such as pH, or the
plant nutrients.

PHYSICAL FACTORS

Many of the physical factors causing lack of fertility have
already been discussed in Chapters 2 and 3, so they will be
reviewed only briefly here. “ i

In Australia perhaps the most important phy§1cal factor limiting
soil fertility is soil water. The moisture conditions of the soil for
Optimum plant growth are just under field capacity, and, Smeo
soils are rarely at this condition for very long, optimum m's“:;:
conditions do not prevail during the whole growth cycle Dfm
plant. Most plants therefore suffer some water stress dusing
lifetime, Py =

The need of plants for water is more critical at stages
their growth l.ha}:l at others. For example, seeds will not g -
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el mmwm_im‘nf water in the
 heat belt prior to sowing is vital. Obt; the
=  water affects some plants wat‘]’:}”m s s
s . thus heavy rain during the ripening
date wih ros and fower yields.
4o their tolerance of water stress. TYETOP 1ytic
r in of stress and require soils well above
ey e aimes, whereas xerophytic plants have mechan-
ding dry conditions. Some xeroph{\m. pl;nts 1\1\;\1;
MR so take in less water cg ees l
___'_'f “m;nfm)_ Others have in-built reservoirs
i S seasons (e.g.. the succul_cm flesh
e e oy e o
' ‘their ation ratios in keeping with seasonal stresses:
hygrophytic in the wet season and xerophytic in the dry
e the deciduous trees of monsoon woodlands). Thus
Vegetation adapts to the soil moisture conditions. But
crops man introduces into new areas arc adapted to
environments, S0 it is not surprising that Jow yields in
rops correlate with water stress during growth. Grain crops
grown under a wide variety of climatic conditions in cvery
, except Antarctica; some are subjected to water stresses
e severe than those that occur in their homeland.
rs¢, man by irrigation to offset losses of yield
water stress, irrigation is usually not profitable or
e on soils that have physical disadvantages in addition to
water, Very soils, with their low water-holding
irrigation water almost as soon as it is applied.
soils are difficult to irrigate because water penetrates
y slowly; but when it does eventually penctrate, they
well. Texture therefore greatly influences the soil's
Status, producing striking variations in the vegetation of
In ﬂ!RNeuna imigation areas, for example, fruit
own on the sandier, well-drained soils of the ridges
Wwhile ﬁmm which need ;'lot of water are grown
poorly " drained lowland soi
important in its effect on rilth, which is the
-‘ produce a loose, crumbly, friable, finely
i most suitable textures for culti-
form the fine granular structure
a frable state. Sandy soils
e o ' binﬂmg agents, bu;’;’:la)l'ey
| : DOSI m_—they con n too
"¢ tend to clod. Structure as well
tith. Soils which have well-
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develo ds are more easily b i
o “_Fi':’fmljf e y broken into fine granules than are
Air capacity is just as important moisture j il fertility
because )vicl[(is Isharp!y decprgasc a:s the suil‘am;;o .4 :
diminishes. Poorly structured soi i
often lack aermjug. ol v e et B
The soils most physically suited ¢ ivati
textured, and wcll-struclured,yand conta.ig s&ﬁwl::e::o:r 3 mmgmy
to prevent breaking down of the structure after cmlig\?;'con An
active microbial population is desirable. Other physical mpemcs,' i
such as self-mulching, also contribute to high feriility PO'E cou
not all soils possess these properties, so the farmer lmust dor:ift;
best he can with the soil he has. The addition of lime, organic
matter, a microbial population and, nowadays, even chemr%é:lls,
helps to retain the soil in a suitable physical state for cultivation,
but d 1 of the soil's physical properties after prolonged
t ull a major cause of decrease in fertility. Althou
to stress the chemical aspects of soil fertility. the
ts are certainly no less important. :

CHEMICAL FACTORS

asons for low soil fertility are the lack of the
nt growth. These elements are referred
y form what is called the dry matter of
s after the water-content 1s removed.
nutrients needed by plants may be calculated
itter (obtained by the oven-drying of plant
ry. Plants vary in the quantities of the
uire, and feed more heavily on some than on
stages in their growth. The nutrients essential
may be divided into:

1. Tissue builders. These are carbon, hydrogen and oxygen,
and they are in plentiful supply in the air and water of the soil.
There is therefore never a shortage of these elements unless the
soil dries out. N

2. Major elements. These are nitrogen, thSphm'S, potassium
and calcium. They are used in large amounts by plants, and after
cropping they frequently need to be replaced in the soil.

3. Minor elements. These are used in lesser amounts by plants
than are the major elements, but they are used in g!'eater e
than are the trace elements. Sulphur and magnesium may need
replacing in the soil, but other minor elements, such as silicon s
the sesquioxides (iron, aluminium, manganese and titanium), are
the most common constituents of soils. These elements are there-




f”x;m in the soil, although they may
absorption of other elements,

5. These are needed by plants but only in
Even in quite low concentrations they can be
sts. In fact, they are sometimes used as poisons
eds, Yet their absence can seriously retard plant
imples of trace elements that are toxic in quite low
S et W, boron, cobalt, zinc, vanadium and
y Plants need minute amounts of other elements
pot toxic at such low concentrations, for example,

; BUILDERS
.is the major element of organic structures (just
 the inorganic world) is metabolised initially by
Jof carbon dioxide. Since the supply of carbon
. atm is limited, it is essential that organic
nts and animals decompose to form carbon dioxide,
is converted to organic carbon mainly through the
lies of the higher plants and, to a lesser extent,
8. Animals digest plants, converting them into
the process they respire carbon dioxide. The whole
the carbon cycle which is concerned with the
peration of carbon dioxide. More than 909% of
ﬂm is composed of carbon compounds of
hemicellulose, lignin and starch are the main
&gmnpcmm of these substances into carbon
anitial conversion of the long complex mole-
casily metabolised derivatives.

are spent in artificially replacing these
— mature unaided, cannot replenish
' man removes them by harvesting crops or

nals. Nowadays replacement by means of
E, but there are other ways of making
| be considered as each element is

the surface layer of most soils ranges
92% t0 96% of this ni
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portant groups), obtain their nitrogen directly from the soil solu-
tion as ammonium (NH;*) or nitrate (NO;—) ions.

can extract some or all of their nitrogen requirements from i amar
nitrogen circulating through the soil. o

The transformation of insoluble nitrogen into soluble ni

the intake of nitrogen by plants, the consumption of planuuogm'by
animals, and the return of nitrogen from plants and animals to the
soil are shown in Fig. 4.1,

.-—F"'_._‘_'-"‘-u-..___
_~Plants — Animals_ s

(C/N high)
immobilisation

B
nitrification

Humus

Figure 4.1: The nitrogen cycle.

When plants or their leaves die, micm-organ!sms‘mck the
residue to form ammonia. This is termed ammomﬁcarwft and l_he
ammonium ion thus formed soon attaches itself o the soll colloids
and so does mot exist in a free state, except m alkalmems;ik.;l
In acid and neutral soils, ammonium jons are mp:dl).' transfi -
into mitrate ioms, especially if th&s? §oils_are mpm a.ud -
aerated. This process is termed mmf?mnon. Nm jons are
anions, so unlike ammonium ions (which are mm:»)il they are
less likely to be adsorbed onto the negative surface of collmdsm
They exist freely in the soil solution and for this reason, they
easily leached from the soil. The rate of mmﬁmbonm largely
controls the quantity of nitrogen available 10 plants. Nitrification
is further hindered by some of the soil’s ) mwhchh
mmpmnﬁththenjuiﬁmﬁonptmﬂr&uammm
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¢ needs of these micro-organisms often leave 4
‘ammonium ions so the nitrification process is slowed
ck of the source material. When microbial activity is
s usually a serious shortage of ammonium ions for

‘of nitrification depends on the carbon:nitrogen ratio
in the soil. Soil organic matter contains roughly
o and 5% nitrogen, giving a C/N ratio of 11.6 to I,
tio for most agricultural soils lies between 9 and 14
sasing with depth in the soil. The more the plant
) the lower the C/N ratio falls. Peaty soils in
jreas generally have very high C/N ratios, as high as 50:1
pe cases, The addition to the soil of carbohydrates, such as
eatly increases the C/N ratio because the microbial
A engaged in oxidising the fresh carbon compounds I
nme ions in their cells and therefore decreases
it available for the nitrification process. The addition
‘or grass cuttings to soil will result in crop fai
‘the C/N ratio as to cause nitrogen starvation in the

may be lost in many ways. They may be consumed
are later harvested or eaten by animals. They
by;he soil organisms back to ammonia (this is
jation) or into gaseous nitrogen (this is called
). They may be leached from the soil by drainage

S, mw:;:r isﬂc.:lharged with ammonia and
2y enter SO, thus providing a source of
E mlr. form. These additions, alblhough appre-
1 g’-w uld probably be no greater than the nitrate
hﬂlhg; * so from the farmer’s point of view they

10 the farmer is the fixation of nitro ;

, AET: gen by
mdm fixation. The bacterium,
nodules legumes (in Australia, clovers and
important) can extract nitrogen from the

=it into the host plant. The nitro-
m‘hﬂwilamitakcn into the

SOIL FERTILITY &8s

could last for three years. (One can readily examine the ni
fixers of legumes by locating the small nodules on the roots of
clover, peas or beans.)

The symbiotic fixation of nitrogen is far more important than
non-symbiotic fixation which is the fixation of atmospheric nitrogen
bv oreanisms which exist independently in the soil (unlike rhizobia
which depend on the host plant). These organisms account for
the better-than-expected nitrogen status of soils when losses of
nitrogen for non-leguminous crops have been calculated. Azoto-
bacter and Clostridium are the most widely studied independent

¢ fixation to be ;;light.
Iways practicable to plant and plough-in a
s to maintain a soil's nitrogen status,
aken to ensure an adequate nitrogen supply.
\ble green manure, preferably from a legume,
mical fertilizers (as distinct from organic f.ct—
. as manure or blood and bone) are bccotm.ng in-
sured. One of the cheapest of the chemical fertilizers
that provides nitrogen is ammonium sulphate; being an acid salt,
it hat the unfortunate side-effect of lowering the pH of the soil
and this makes the nitrification in acid soils rather sluggish (the
optimum pH for nitrification is between 6 and 7). The addntlxon
of ammonium sulphate without lime may therefore actual{y slow
down the natural mechanisms for converting unavailable nitrogen
into an available (ionic) form. However, ammoniim sulgﬁh:te soi!s
still the preferred means of chemically adding mu'qgenidto -
in Australia. In America, preference 15 given t:ldllqu ammon
which, injected into the soil under pressure, is held as mm‘c .
ions. Chemical fertilizers have the advantage .‘“'gc?:-gm S
tilizers of providing a supply of immediately available nitrogen
the plant. Organic residues, such as stable manmm Lhrwghm
straw, even though quite thoroughly de o thengive
the soil, do not supply mr;:uc;hn lgwuogen year?m Cha:!i Jj b .
supply over n : e 2
b S rtided with cach new crop, for vey e, ¥ o remains afte
i cane i ustralia that 1
the previous ¢rop. Sugarh qum&ﬁesotﬂi fertilizer: in

2 SU
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an essential constituent of every living cell and is
rtant in uction and photosynthesis. It is
organic fraction, but unlike nitrogen it is also
- within the soil. Soil Ofganic matter
from 15% to 80% of the total phosphorus in the
primary minerals contain phosphorus (e.g., apatite,
i v mineral in igneous rocks). Phosphorus
ly occurs in minerals in combination with calcium, mag-
all the other plant nutrients, phosphorus is available to
only in the ionic form. Thus although a soil may contain
le ; in both organic and inorganic combina-
“there may be very little phosphorus available to plants,
ability of phosphorus poses a greater problem than that
‘nutrient because it is the most easily fixared. Avail-
t us may combine with other elements to form very
compounds which plants cannot extract: this is termed
of ', Fixation can happen to added
as well as to native phosphorus.

phosphorus fraction of soils is quite variable. The
:ybospho;z:n mtio of soils may be close to
ortunately, ts remove far less phosphorus from
they do nitrogen—a wheat crop might remove about

uarter as much phosphorus as rdtmgfn. .
m’_, of phosphorus to plants in soils depends on the
m ﬁm&f three phosphate ions whicE plants can

AL

s %: (monovaleut}
i (bivalent)
PO; X (trivalent)
Extract the ‘monovalent ion most readily. The con-
‘Bﬂm;::n in the soil solution is re?ﬂl:ed to pH.
6.7, the monovalent ion dominates;
the bivalent dominates, the
SR i P ates into
d Mnmm bring this con\'m?sion about
peim u!:” With the removal of phosphorus
M_ i i amimals, nor with the fixation of
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yet show no visible signs. By the time a deficiency is recognised it
may be too late to remedy: plants take up much of their phos-

horus in their early stages, and there is no hope of later additions
making up for early starvation.

By world standards, Australian soils are particularly low in
phosphorus: many contain less than 0.02% of total phosphorus,
much of which is unavailable to plants. Phosphorus is the most
widely deficient of all the plant nutrients in Australian soils, so it
is not surprising that superphosphate, Ca(H,PO,),, is Australia's
most popular fertilizer. Superphosphate is prepared from rock
phosphate by the addition of sulphuric acid. Superphosphate is
ut triple-super (CaHPO,) which is also widely

water-soluble, b

used, is o 8 soluble in water but dissolves in neutral
citrate sol i ugh superphosphate is soluble in water, it
is not le i through the soil as one would expect: rather, it

to the surface and accumulates in the soil
ce nitrates, phosphates therefore are not sub-
y from the soil except in very sandy soils
sonal concentration of precipitation. The
soluble phosphorus in superphosphate to insoluble
in the soil is termed reversion. This change occurs
soil, because superphosphate on its own does not
reverted precipitate in the soil differs chemically from
.rphosphate.  Although superphosphate itself has a
Is seldom become acid after its addition (cf. sulphate
nia) because either the plant extracts the acid ion
(H.PO,-) as soon as it forms, or the ion is fixated.

Phosphorus fixation depends on the initial state in which the

N ot £ P - soil. If the

superphosphate is precipitated near the surface of the
pH of the soil is less than 7.5, it is most desirable that the phos-
phates be precipitated as calcium compounds, f‘or calcium Ph$
phate is sufficiently soluble to supply the plant's needs, but
soluble enough to suffer from leaching. If the pH 1s higher than
7.5 or if lime is present, hydroxyapatite may form_frsgil Ath:
phosphate; it has a very low solubility and releases msﬂs‘ﬂ:;le
phosphorus to supply plants. Unfortunately, m af::c‘lj ts; e
desirable calcium phosphates do not glways form, an ‘:sﬁuble
phates complex with iron and aluminium 1o form v;");l’ o
compounds; thus the phosphorus is fixated. Tron anRed ununmm_[s !
oxides and kaolinite may all fixate phosphorus. % ;0' o
tropical and sub-tropical regions are particularly ghhos
compounds and have the worst reputation for fixating p PWN“*
In krasnozems (red, well-structured soils) near Lismore, ‘;w
South Wales, free ferric oxide exceeds 10% and, allhc]!;.lgh 5
total phosphate in these soils is high, there is a serious p osphate

is precipit

over the yea

e
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hosphate is soon fixated,

ime with the superphosphate

e the and to maintain the pH of
6.0 and 6.5, the optimum pH for phosphorus

s of native, total and available phosphorus diminish
in most soils, unless there arc a lot of phosphate-
inerals in the parent material, when the native phos-
may increase with depth. The amount of available phos-
diminishes even more than total phosphorus in illuviated
ince fixation is greatest in heavier soils (i.e., soils with more
_components). One would expect available phosphorus

r at the surface where plant roots extract it.
osphate benefits all crops in Australia, and it is also
applied to pastures, sometimes by aerial top-dressing, an
ingly favoured method. Repeated application of phosphatic
causes a build-up of phosphates in the soil, so perhaps,
e years, Australian soils may not have such a low phosphate
 in comparison with European soils which have becn culti-

for a much longer period.

and potassium are the three elements
' be found to be deficient when crop yields fall.
and phosphorus, potassium is not derived mainly
i3 crganic complex, but, like calcium, is a common
t of many minerals such as the feldspars. Plants need it
Jarge quantities; indeed, in quantities comparable to their
The soils of dry and sub-humid climates usually
&mﬁa ” potasuum for plant needs. This applies
. h::ﬂml wheat belt where, so far, no
2 m Nces have been repor_tad. However, serious

7 R N wet areas, especially in sandy soils.
aﬁ‘;ﬁlﬁ Photosynthesis processes and in
o s and proteins from ammonium ions.
Of potassium may be adequate in conditions where
35 ey - supplies are low, but if these are then
ficiency is often 5 %Mﬂm may follow, and this
‘ ddition of "B".n # premature death of plant leaves.
Bt maker o U™ 0 Some cases not only increases plant
; '_‘“’gmt to physical stresses; for
Sai Winter iness of lucerne by

carbohydrate and protein.

us, may become fixated and hence
..htmmbeﬁcvadmm
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only on drying, but now it is known to occur also in permanently
moist soils. The effects of this fixation are not as serious as for
phosphorus. because the available form of potassium is a cation
(K+) which features permanently in exchange reactions on the
soil colloids (anionic exchange is known to occur, but it is less
important than caljomc_cxchangc; see Chapter 3). However,
potassium is far more easily leached from the soil than phosphorus,
When potassium is applied as fertilizer (e.g., as muriate of
stash, KCI, or potassium carbonate, K,CO;), most of it is ad-
sorbed onto the soil colloids and the part that remains in solution
is usually leached, so that very little remains immediately available
for plants. The optimum pH for potassium availability is between
6 and 8, which fortunately coincides with the optimum pH for
nitrogen and phosphorus availabilities.

i lays contain potassium in their structures (e.g.,
norillonite and illite), so soils high in these clays, such as
the chernozems, usually do not have a potassium deficiency. But
the kaolinitic s do not have room for potassium in their struc-
in these and in the hydrated oxides (e.g.
hsite) are often deficient in potassium; for

instance the reddish tropical soils are thus deficient.

Calcium

It was pointed out in Chapter 2 that calcium is added to soil
primarily as a pH corrective to maintain soil pH between 6 a.t_ld
7, which coincides with optimum nitrate and phosphate avail-
ability. Liming a soil may in this way rectify deficiencies in these
other elements. Unlike phosphorus, calcium does not suffer Erom
fixation reactions. It is available to plants as the simple cation
(Ca2t). :

Lime is usually added to the soil as ground limestone or lime.
The term lime is used for all calcium compounds added to !.l‘;e
soil. The main compounds are calcium oxide, calcium hydroxide
and calcium carbonate. All these have the same long-term effect,
the oxide changing into the hydroxide, which in turn changes into
carbonate, However, the oxide and hydroxide raise the pHl pcal:nc_h
higher and much more rapidly than does the carbonm; which is
usually preferred because of its cheapness unless the pH situation
is a very serious one.

The main sources of carbonate lime are calcite (C;COa‘zr al::f
dolomite, CaMg(COs)s, which are both sparingly som‘tha‘these 5
containing dissolved carbon dioxide, reacts slowly wi s
form calcium bicarbonate, Ca(HCOs)s, which, being Solubic,
allows calcium jons to enter the soil's exchangeable m&mmtz
replace some of the hydrogen on the colloids. The rate




THE LIVING SOIL

u“mtﬁsm:fm area of the Ii_mc that is
the concentration of bicarbonate in the soil solution
e Once this solution becomes saturated, it must
and be the unsaturated solution before
' carbon dioxide is essential to the
higher its concentration, the faster the solution near
‘Carbon dioxide content is higher in wet soils because
content, and hence the rate of renewal of soil air with
heric air, is lower. Carbon dioxide content is also higher
\acid soils. Fortunately, as soil neutrality is approached,

etion slows down: it is undesirable to over-lime soils.

g reduces the availability of nitrogen and phosphorus
m suse a serious shortage of iron and manganese, which
not soluble at high pH values. Over-limed soils may be
s by the addition of sulphur or aluminium sulphate.
s well as correcting the soil’s pH, is needed in quite
by p Lucemne may contain 3% of calcium.

nt of calcium in a soil is usually highest near the surface
retum it to the soil. Calcium deficiencies in plants
which is apparent in both roots and leaves in
gosis, assisted by pH measurements, relatively easy. Calcium
Sommon constituent of many minerals (e.g., the feldspars)

{far more important in rocks than phosphorus.

NOR ELEMENTS

is not l‘::ﬂ'ﬂd in large quantities by growing plants

“rihcless a nutrient. Its cycle in nature is
© of nitrogen. Sulphm: pgmpoundi undergo many
;;aﬁrﬁmlh ::f the activities of plants, animals and
oot soil’s supply of sulphur lies in its organic
. m; ;unoum i derived from minerals such as
_ ). Plants assimilate sulphur from the soil in
(m‘g;ebnt small amounts of sulphur dioxide
imed e &lphm- &!mnde in the atmosphere.
returned 9 i by c_!ymg plants and by animals,
0 by drainage (cf. nitrogen). The

: : to be as important in the
sulphates as the C/N ratio is in the
a soil are often fulfilled when

_ is prepared by
Pbosgum and contains a
' fact, one hundred-
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applied to correct nitrogen rather than sulphur deficiency, also
corrects sulphur deficiencies. Sulphur may be used as a pH
corrective when a soil is oo acid.

Magnesium is needed by all green plants because it is a con-
stituent of chlorophyll. It is also important in assisting the
transportation of phosphorus in plants, so that the phosphorus
content of a crop can be increased by adding a magnesium
fertilizer. Magnesium silicates such as finely ground olivine or
may be added to superphosphate to increase its effec-
Magnesium deficiency may be induced by unbalanced
| ated use of grass mulches.
ficiency, uncommon in Australia, is often
a S which carry leafy crops such as tobacco.
are usually also deficient in calcium, so dolomite,
ten used to correct both deficiencies. By world
lian soils are particularly high in magnesium.
ess magnesium is harmful appears to be un-
ity of soils high in magnesium may be due to
xcess trace elements such as chromium, rather
1esium.
textbooks claim that plants require sodium in
has not yet been demonstrated conclusively that
ps because most soils contain some sodium
across the continents as cyclic salt in rainwater (see
r 11). Problems associated with sodium excess rather than
deficiency are the main concern of soil nutritionists,
in drier countries like Australia. It is not so much the
1 that is harmful to plants, but the anions _with Whjc_h it is
associated. Sodium is commonly associated with chlorine as
sodium chloride or common salt, and excess chlorine upsets plant
metabolism. Sodium with sulphate or bica.l't?m‘c is mot so
harmful. Some crops are very intolerant of quite small arecusgs
of sodium chloride—as little as 0.1% may lower the yield from
citrus trees. Vines and some grasses tolerate much more mﬁ
chloride. Some Australian soils in areas with arid or semi-al
climate are too saline for agriculture, and some are even wosalmcf
for reclamation by means of irrigation together with ;‘tdd‘;:IIo:id:.
gypsum to replace the sodium adsorbed onto the soil s
Irrigation using water containing more than 0.1% salt may aggra
vate the situation. " .

Silicon is unlikely to be deficient in soils, for it is found in ﬁ
primary and secondary minerals. Plants appear to abso ofmbsilionn
as silicic acid (H,Si0;). They use quite large amounts B
just as they absorb large quantities of nitrogen. Too much silicon
cannot harm plants.
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E. and animals require iron. Unfortunately, the iron in
yery insoluble and thus unavailable to plants. Even if
‘shows a red or yellow colour, this does not mean that
heavy concentration of iron, for strong colouring can be
quite small quantities of iron, and the colousr-
are extremely stable in the soil. Iron is Jeast
when pH values are high and when lime is present.
iron-sensitive such as vines fail to produce their
il an%dso dt:}\.;elop pale, chloretic leaves,
In such cases i to the soil as chelates, because
@ artificial acidification of the soil which would rectify the iron
ency is too costly and would upset the availability of the
[ acid soils, iron is more freely available to plants and iron
piencies have not been reported from such soils. Al
j available in acid soils, though it may occur in tox
_,md mﬁerfe}t with the intake of Phusphuru:\, So f:
S deficiencies have been reported in Australia.
nis are able 1o adjust their intakes of manganese to o certain
.ﬁ)_lﬂil'lhe soil. In acid soils, manganese, like aluminium
ron, is frecly available to plants and they may take in as much
1550 g s million; but iz;:lkaline soils, a deficiency may
Ur-and the same species ma take in only 10 parts per million.
' manganese del!&:lency has caused crop failure,
ly of oats, in soils W'I!h‘PH hlght‘r than 6.7, when bacteria
\'ﬂ“m manganese into insoluble oxides. The casicst
& Fectity & manganese deficiency is to acidify the soil witl
oy &, A e soill with
-ll'hat:& ey pﬂmml + Or to sterilise the soil by removing
proportions, Ues, manganese may be available in
nts also . 3
m fitanium, & common constituent of many
; mmm u;n soils have not, so far, been

for all elements required

b qUIrL

g beneficial to plants in low
parts per I'll‘(lllliﬂﬂ, but becoming
. 4 e.g., Leeper, 1964)
the. elements needed in very small

! nt hcludmg some of those discussed above
¥ ST % normally toxic within certain

-
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poron (B), fluorine (F) and iodine (I), and also possibly
yanadium (V) and chlorine (Cl). Others will undoubtedly be
added to this list, possibly germanium (Ge), gold (Au), silver
(Ag) and mercury (Hg), but very little is known at present about
their behaviour in soils.

Since trace elements are required by the plant in very small
quar . it is difficult to see why some soils do not contain them,
An acre of oats which may remove 7 pounds of phosphorus, may
remove only 4 > of copper, 1 to 2 ounces of zinc, and 7
ounces of n . Trace elements are usually concentrated by

tl ¢ soil and decrease markedly with dtpﬂ{.
il could result in a serious loss of a soil’s
1, many deficiencies are known to have arisen

t of a soil depends on the nature of

-ly, the trace elements are not evenly

ious rocks; for example, cobalt and

1 basic rocks. The minerals plagio-

count for most of the trace clements

m igneous rocks. Metamorphic rocks

1 .ments because when rocks containing

hosed any adsorbed cations, some of which

are incorporated into the new rock. The

:n of trace elements in a soil's parent rock enables one

to a with reasonable accuracy the possible trace element

status o soil. Difficulties arise in parent materials that have
undergone multi-cyclic weathering.

Trace elements may be held in soils in the silicate clays, the
sesquioxides and the 'org_:mic. colloids. _Like the other nutrients,
they may be adsorbed onto these colloids. A shortage of trace
elements in the soil usually visibly affects the plant—the leaves
may become bronzed or mottled, the growing points wither, or the
growth habits alter. Some plants unfortunately do not indicate
their trace element deficiency, so an analysis of plant tssue or z;
response to added trace elements may be the only meansI o
diagnosing the deficiency. Because most trace elements ha‘fed ow
toxic levels, any addition of such elements to the soil must be done

with caution, depends
g . e trace elements. Intake
Plants vary in their intake of il conditions such as pH,

on the plants’ needs as well as on 50 3 .
moismre]:., nutrient status and the l_evel of the particular element ta::
the soil; for example, at low soil-copper Jevos; & lewi.:n the
more copper than clovers, but at high wp]ams is therefore
position is reversed. Competition among .
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“as some plants ar¢ better able to cope with low trace

elements enter into the general processes of soil forma-
may, for example. be concentrated in illuvial horizons
silicate clays and sesquioxides. They are also

i

E

4

leaching. s o "
element may be added directly to a soil in which it is
deficient; for example, powdered borax alone may be
More usually, trace clements arc added with other fertilize
) mixed fertilizers contain trace clements, as only
or pounds of them are required per acre. They may 1
directly onto the leaves of plants, or they may be
form under the bark of trees. Trace element deficie
not only arise from lack of the element in the soil. Lik
nutrients, they may be present in the soil but be te
unavailable, so correction of the conditions causing
availability could eliminate the deficienzy. A slight
cidity will release most trace elements, but not mol:
; of this element can be overcome by placing
near the plant’s roots. Plants may suffer from deficic
:n one trace element at the same time, so several m
added together.
Sandy soils and soils high in organic matter may be deficient in
copper. Cattle become unhealthy when grazed on pastures lacking
copper; sheep, although healthy themselves, grow inferior wo
wacol_JPCr_f&nd zine flroducc interacting effects: pl
. zine if copper also is given, but not if it is i
held. ; deficiencies are especially related to low pH val
Hhma;?:;:t likely to have zinc deficiencies, esp y
Victorian Mallee, 3 toot system. Vines and fruit trees in th
Sunny arca, improve greatly after spraying

(’my 10-12 anf;:cts the growing points of plants. Borax
when added to ﬂ]:mwﬂ PET acre) must not be mixed with seeds
soil at Jower munum-aii:;s“ IR idukcs in the
sediments - Sea water contains boron, marine

13l

i

]

}

: ientary ffer from bo toxicity

M. deficiency may be induced by over-liming sOils.mn ek
iR occurs in soils as the bdate i

A ik s a molybdate ion (MoO,2-)

M_ 1 aﬁdm sesquioxides can bind into an unavailabl

"‘FI a6d. conditions. In '::'E or alkaline soils, planl:

xcess, It um animals may suffer f

G main mgc fies in the role it p!a_\ry.v. in nitror;cmn
rhizobia, hon-symbiotic organisms depend on
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e. Molybdenum is therefore often required to establish
. subterranean clover. A single application usually lasts

-erned with nitrogen fixation and is therefore
It is essential, too, for animals in that it

in animals can result from grazing on
- on the other hand, various
can result from selenium
of selenium emphasises
! a very delicate procedure.
1 of most trace elements can rectify

A\RY OF CHEMICAL FACTORS

nt's need for the major and
e solution lacks any of
However, the need for
monstrated, as such small
ts that culture solutions
tical reagents contain ample
shown only by work with
ies in any of the nutrients
e often other means of detecting
of some plants may become dis-

icient; for example, mitrogen
, and potassium deficiency a

cultur

ical elements enter the plants through
e stems, leaves, flowers and seeds.
il as a result of the decomposition of
.. or the decomposition of the excreta and
\ls. many of which feed on the plants. Once at the
¢ ¢ nutrients produced by this decomposition
and hence unavailable to plants, or they
th and decom-

ay | e insoluble .
may b en up again into the cycle of life, dea
position.

the availability of

Whilst pH is clearly of vital importance m t
nutrients to plants, the student of SOtI_S mu_st i
cannot achieve an ideal blend of nutrients in 8 given
‘ideal’ is meant a blend in which eac
optimal availability it is said to :
isolation; for example, the pH for optim
and phosphorus (between 6 and 7) may

soil, if by
h nutrient preserves the
when it is considered in
al availability of nitrogen
cause a serious shortage
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of some of the minor clﬂncms_a.nd trace elements. The farmer

miust always compromisc, watching especially the various deficien-

cies that are most seriously affcxmjg his yields. The nature of

many sencies is sometimes difficult to recognise, for simila

effects can be produced by several elements, so a soil or plant
is is the only satisfactory means. Even so, a soil analysis of

total clements may not indicate a deficiency as the problem is

likely to be one of availability rather than total lack, The a

of certain elements can render others insoluble; conve

might free others for extraction; so the application of f

has sometimes produced different results from those expected,
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Chapter Five

Soil-forming Factors

AN BE ACCOUNTED FOR BY
ranisms, relief, and time.

¢ on the soil

1 the soil horizons have

ials such as alluvium,

anisms, all the living

ludes vegetation as

geomorphic features

i | surface including

» and s in slope away
table within or beneath the

as it is an important feature of
Time refers to the duration of

RELATING THE FACTORS
snny. in 1941, regarded these five factors as inde:pcndem
nd related them in a simple equation:
S=f(c,op s t)
ol is the climate, o is the

where S is a property of the soil, 3
; s the time or

organisms, p is the parent material, 7 is the relief, 7 i
duration of weathering.

But consideration of them as independent vari:_;blcs‘ is mis-
leading because the similarity between maps of climatic, vege-
tation and soil regions suggests that at least some of the factors
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related. It would be more realistic to regard some This equation indicates that climate, organisms, parent material
arc Siors 2 dc;mldcnl variables, particularly clim and and relief vary over time and that a soil is the integral of all the
of the t material is a more independent var but wate combinations of these factors at the point in time when it
: mmpmelim‘es related to the other factors; for exam oess . :‘mvp 131;1_-;;;5 alm\\'uncc_ for the changes that
mn;uﬂ found on the lee side of deserts. Parent | may i e in j norphology as the environment changes. It
:m yalso to relief; for example, on slopes of more than : o , complex soil sections in which remnants of
wmhmd the soil parent material is more 11;.:“_\ to be d soils are oy rlain b.-'\-.“?c present-day profile. The integral
colluvium than fresh rock. When soils are developed from the approa o Reniony o8 soil formation is the most useful, but
ferlying rock, parent material may be quite independent of s com ey -
relief.

jﬂ;ny]awr (1961) emphasised the dominance of any one facto B Isclation, _reminding the reader that in reality the
in the development of certain soil profiles: the oth ; factors operate together, not ion.
still varying, were thus treated as subordinat In the ensuing discussion, it be assumed that the factors
difficult in the field to discover which one of the c : ther tha = one being ed are controlled; for example,
for most of the variation between two differi when relief is cussed, i 1 that the soils examined
following equations (after Jenny, 1961') relate soil properties tc have s r anc > environments, are dem'ed_frpm
the dominant factor of soil formation: sin t materials, n weathering for similar
S=f(c,o,rpt) climofunction iurations, wilout change in ihe cavironment
S=i(o.c.r,pt) biofunction
S=f(pcort) geofunction
S=f(nd.pot) topofunction Climate was one of the first factors of soil formation to be
S§=f(d,or1p) chronofunction tresse edology; in fa ) R ' n ?(911 fla.ﬁslIlcallf?j
The effects of variations in any of these factors on soil properties T oS . L“‘.T.IM ;ha.n :r?-;u;:chfr:i:e
may be assessed by studying soils in which four of the factors are R R :‘::t ;“_L"_ i ]'Z‘ S
H = 3o s - WOT re eradational. w S0 tions, one would t’.‘:p\.\.t
as similar as possible while the fifth varies. Since of the P = sty the pihee: b fhis
factors may be dependent, this assessment can be a el el st % g 8 i
so the study of the dominant factor is se !
equatons imply.
Another serious objection to the factorial method
soil development is that it implies that soils have dev

ldom as simp

T Walgeit

4 : ] x. Moree

yet atta 1 Leg - . Delungra
¥ to soils thousands of I
noticeably in the imme-
Bllriul! nd. very markedly during the Pleistocene Period. Neaot x_Inverell

e mioﬁs, quite different in morphology from their overlying i
hm’,“ commoaly €ncovntered in the field. Jenny's equations _ Lismore
hm‘gmcm& ﬁm“’?;l; buf‘;tlfdus;mls, Stephens (1947) attempted = o ,;_ =) 40 50 60
a4 ons e iactﬂri:ll method by o ".i o ase = POy

ﬁﬂﬂt - : d Dy suggesting - annual rainfall in inches
%“l lations be changed to mntegrals. He wrote the main

-

- t=o0 - .
:j geees =j f(cd o rp)dr Figure 5.1: Relation between rainfall and depth of lime in
V= BP basaltic soils.




i the other factors of soil formation frequently inter-
to sharp boundaries between soils. Sometimes,
do form a continuum, and it is only after sufficient
e § that a different name is given to the soil.
ations are found in the basaltic soils of northern New
from the coast inland. The soils of the wetter coastal
' in colour; this colour is pr&gressi:e}yi]]ostl as soils
regions, ing through chocolate and
into rﬁcﬂn ::?ls in whicm gi)la:::k humus masks the
gr. In the drier areas, lime begins to appear low down in
es and gradually becomes shallower further west through
garths. The graph in Fig. 5.1 for middle slope soils on
indicates the relationship between the depth of the lime
from the surface and the average annual rainfall in
New South Wales.
in very dry areas, heavy textured parent materials for
: which lack the red and even the black colourings of the s
m east. These soils are the grey and brown soils of |
xture which usually contain lime and salt throughout the
Great Soil Group names given to these soils therefore
points along a continuum,
Zonal distribution of soils which will be considered in more
i later chapters relates Great Soil Groups to climate. A

m

Cold
Wet
Tundra
peat and gley soils ’

podzols

grey and brown
podzolic soils
red and yeliow
podzolic soils
krasnozems and
red- earths.
lateritic
. soils Hot
<— Erpitation Wet
decreasing

Soil zonation in response to climate.
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simplified zonation, in which both temperature and rainfall de-
crease, appears in Fig. 5.2. This zonation is only a model for the
sake of classification, and it must be noted that the other factors of
soil formation have not been included. There is, however, some
correlation between this zonation and Great Soil Group m'aps of
the continents, especially North America. One of the reasons for
the low correlation is that temperature and rainfall do not
uniformly across a continent as they do in the zonation model,

An examination of the effects of climate on individual soil
properties will show how this zonation has arisen,

It was pointed out in Chapter 2 that the main colour pigments
in soil are organic matter (black and brown), iron (red and
yellow), and lime, soluble salts, unstained quartz and pure clays

i r very hot, wet conditions, organic matter decom-
pidly than it accumulates and tends to form the
- i components which are not coloured. The
asnozems are therefore lacking in black and
nts. Under wet, cooler conditions, fulvic acid
n the mobilisation of other constituents in the
humic acid accumulates in the illuvial horizons,
s commonly contain black or brown B horizons.
tions, organic matter accumulates throughout the
lly in the A horizon, where humic acid, the less
ore coloured constituent of organic matter, imparts
lack or dark brown colour. Under very cold condi-
, organic matter decomposes less rapidly than it accumulates,
eats tend to form. In desert areas, there is insufficient organic
r to colour the soils, except in the cooler deserts where some
soils are grey or light brown. However, in desert areas, salts tend
to accumulate, producing pale coloured soils.

Iron is more prominent in soils of hot, wet regions_where many
of the other soil constituents have been leached. It is also foun_d
in appreciable quantities in most soils of hot areas, but in semi-
arid to sub-humid climates the black colour of the organic matter
masks the red and yellow colours of Lhealiroul:‘ Itels oﬂwﬁtﬁ:g:g
areas where organic matter is minim at T :
become prom inent. Desert soils are reddish rather than yellowish
because yellow iron oxides are more hyc!mled than red ones.
Since iron oxides are translocated in podzolised soils, some of the
B horizons are reddish or yellowish in colour, -

The deepest soils form underhOmendiFions.sosnﬂdep
progmsivel;,;sdecreases with both decre_asing rainfall and tempera-
ture. Monocyclic desert and tundra soils arenmally very slmllowbe
The soils of temperate, humid and sub-humid regions tend to

(wl
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senth between the deeply weathered tropical soils
i oad . th fall
g ; and the greater the rainfall, the
: % dectg)rmposc into secondary
<0 F::g heat and high rainfall cause rapid
ﬂl clay minerals. Tropical soils therefore tend to be
Y the hydrated oxides, while desert soils
be sandy, Jenny, 1941, has drawn the graphs (Figs. 5.3

' relating the percentage colloid in soils to both tempera-
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soils, there is usually not enough rainfall to bring about the illuvia-
tion of clay minerals, so again there is little texture differentiation.

The nature of soil colloids is also dependent on climate, as clay
minerals are synthesised from the components which are not
leached from the soil. Under tropical conditions, most of the soil's
mineral matter is susceptible to leaching, but the sesquioxides
accumulate to dominate the soil’s colloidal fraction. Under moist,
temperate conditions, most of the bases are leached from the soil,
but silica accumulates with the sesquioxides, so 1:1 silicate clays
and hydrated oxides form. Under semi-arid conditions, bases

49
- Avaroge annual

 Figure 5.3: C content of soils derived from basic rocks

X With changing average temperatures. Samples
taken in North America from 40 inches depth
under the same average annual rainfall.

itic soils are clayey in texture, as some of the silica,

ue greater part of the sand fraction of soils, is
primary minerals in lateritic soils rapidly weather 10
anions and small crystal units which join together
el als, Even the very resistant minerals, such as
' vulnerable under very hot, wet conditions. Tropical
50 MM component that there is very little
clay 50 texture differentiation is gener-
ug.,"f"'d':;”"m formation is not so

' illuviation is usually apparent

nges. occur down the profile. In desert

{ 20 30 a0 50

1
1

snnucl reinfall in inches

\verage o

Figure 5.4: Clay content of soils (0-10 inches deep) along _U"E
52° F. average annual isotherm in North America.

form an integral part of the silicate clay lattice and 2:1 :;m:
clays (e.g.. montmorillonite which contains potassium
structure) feature in the soil. In deserts, t‘fﬁ‘ld“ and carbo t.ﬁl
form an appreciable proportion of the soil’s colloidal n:nd 55
because the bases are not all removed from the soil
combine with anions. the

Since soil structure and the presence of peds depchsmius L
amount and nature of the soil coﬂmds% stl'u:"it:;e 5 e
related to climate. Optimum aggregate formation OCCUTS
presence of either 2:1 Jattice clays and organic m::;u-, o Ithcm-”
ciable quantities of iron oxides. The best mandmm .
fore, are those of the semi-arid to sub-humid "‘mi. lped
Desert soils generally have insufficient colloid for marked




 mELVNG SOLL
- dsolised soils usually have poorly structured
.m of clay ancl_ sesqul_omdcs, and
4 B horizons which are enriched in clay and
) w i related to both rainfall and temperature,
acid because the slow decomposition of

{ from forest litter allows humic acids to
Lateritic soils, on the other ha]fd, are not
he T ition destroys any humic acids
so the soil pH is not greatly lowered. Bases
: i and laterised soils. Soils of
however, are often quite alkaline, because
lime, accumulate. Soils of semi-arid regions may
(pH greater than 8.5) because sodium and
jum are present in appreciable quantities on the soil

gt not as free salts in the soil. In deserts, free salts of
ids and bases (e.g., sodium chloride) may accumulate,
e pH may be only slightly above 7.
formation in soils is also related to climate. Sesquioxide
are most abundant in lateritic soils, especially in the
‘2one (the structure of all indurated zones is not neces-
‘odular), and are usually scattered throughout red earth
g, with tendencies to concentrate in certain horizons, The
of podzolised soils may contain sesquioxide nodules,
of the profile is usually low in nodules of any type.
nodules feature in semi-arid and sub-humid soils.
mobilisation of silica appears to be closcly related 10
fure, for it is released and re-deposited in some soils of
xegions, such as Central Australia, as well as in the soils
' . Silica pans are therefore encountered in soils
above ;:Iﬂtﬂl&uons may be disturbed by the
mate with any of the other factors of soil forma-
\Tepresent trends which one would be unlikely 1©
b transect across a continent unless the four other
' were rigidly controlled, which is unlikely.
'ﬁﬂy: virgin profiles because cultivation,

can cause marked changes

and climate are related, many of the above
y here. However,&;ecﬁem,onsoﬂsﬂf
Vegetation, is rather different from the effect
h external variable which may not change
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during the development of a soil profile from fresh parent
material. The organism factor, on the other hand, is an internal
variable, for decaying vegetation and the microbial i
are part of the soil's constituents. In addition to this difference,
vegetation changes as a soil profile develops from fresh parent
material. Climate is a more independent variable than vegetation;
the only soil-forming factor that could condition it is relief. Tbt;
organism factor is related not only to climate, but to parent
material, relief and time as well, so it is a very dependent variable.
It does, however, have some independent features; for example,
the type of natural vegetation which develops in an area
on seed access to that area, so that different types of
ion may be found in regions of similar climate, parent
ial, relief and age in the various continents. Each continent’s
tion has evolved independently since the Jurassic when the
ts drifted apart.
formation and the development of vegetation are concomi-
hen fresh parent material is first exposed to the forces of
¢ and soil formation, the first plants colonise the surface.
1e ensuing changes, vegetation and soil are intimately
| evolve together, increasing in complexity with age.
ssible to say which came first, the soil or the vegetation,
depend on each other. Many complicated d occur
| formation begins, before the soil becomes fully differen-
tiated and the vegetation attains a constant species composition.
These changes may extend over centuries and are referred to as
seral progression. The end-product is termed the climax vegeta-
tion and the marure soil: the latter will be discussed in more
detail later in this chapter. 3
When fresh rock is initially exposed to the forces of weathering,
the first plants, if the area is cool and moist, are the Jowly lichens,
which attach themselves to the rocks by short outgrowths from
beneath. When it rains, these plants take up water anrgck@:i
their growth. They gradually etch away es of "
provide small amounts of organic matter to form a very m:'n
primitive soil in which a second community, the !nou::d the
become established. The mosses accelerate weathering 2 &
production of organic matter so that a third community,

i al and ephemeral plants, colonises the
grasses together with annu soil becomes
soil. Profile differentiation takes place and the A
deeper and ﬁchc:inorganicma@rand?l{‘“‘“m”.m s
low scrub to be supported. If soil fonmtﬁ:ymm
rupted, a well-developed podzolised s ion. Such &

quite large trees, these ) " .
succession in middle latitudes may take centuries, but in tropical

‘pii
Ve




on has occurred on the volcano
it between Java and Sumatra. The
‘were covered in tropical rainforest until
ption removed part of the
. beneath many feet of white-hot ash
island of all i Even if rain-
, available, they could not have germinated
e, so a complicated series of soils and
before trees could grow.
rs after the eruption, grasses established
the ash, and by 1900 a cover of savanna had
shallow soil that had formed could not hold much
sting shrubs gradually replaced the savanna
mt trees moved in. By then, horizons had
‘and the surface few inches were darkened by
e soil's nutrient status permitted invasion by
s, so that Krakatau is covered by vege-
t before the eruption. However, the present
than the pre-1883 flora because a large
not had sufficient time to cross the
ion had occurred in a less remote area,

f ﬂmy This depends on the amount

| inorganic) in the soil. The more
“higher its colloid content and water-

. exercises a most important influence on
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found side by side with prairie grassland. The under these
two vegetations are very different. Weatheringmg:s

been more intense under forest as the soils contain

sand and gravel fractions and have dj?;il:;:t podz;ﬂim fe::u:
Clay and sesquioxides have been illuviated in the forest soil, but
not in the prairie soil, which contains more organic matter and i
blacker in colour. The humus in the forest soil .
contains more of the mobile fulvic acid componen

humic acid, black-coloured component than the ptn;.imni?ﬂ.d'luﬁl:
carbon:nitrogen (C/N) ratio of the forest soil is higher than the
prairie soil. Lime in the moraine is leached to a greater depth in
the forest. soil than in the prairie soil. The following graph

indicates the changes in pH with depth in forest and prairie soils.
Note that the pH is less variable in the prairie soil.
8.07
8’13-1
754
7.0+
6.5+
PH 604 xl.’Jr:.i.-‘;a Son ,4”
e
55 forest soil
5.0
4.5+
R S S NN
Depth in inches

Figure 5.5: The pH of soils under prairie grassiand and
forest. The other soil forming factors are
similar. (Jenny, 1941.)

These soil differences are ymmhbwwniﬁ”
deciduous forest stimulates ing and Mﬂmﬂiﬂ&




always differs, so that one cannot
hich properties are directly the result of vegeta-
' Allso, it could be that the heavy texture of the
 rather than seed access, precludes the growth of
ssland. The black colour of the grassland soils and
‘constituents in the woodland soils are definitely

soils, but the parent

“differences between Australian and Northern
fzolised soils may be attributable largely to the
. The Australian eucalypt vegetation produces a
different from that of the Northern Hemisphere
0 or coniferous forests. Eucalypt leaf litter
rapidly (this could be the result of Australia's
$0 that O horizons are poorly developed in
- PARENT MATERIAL
int material on soil formation was considered
ster 3, under Soil Mineral Matter, when the
ate minerals was discussed. However,
is fresh rock or a weathered deposit
than the chemical character of the constituent
 parent materials react very differently to
es than do chemically similar rock parent
amg the minerals, their particle
s of packing of the minerals in the parent
| the type of soil profile which will de{\)rc]op.
er and the resulting profile shallower on
on pre-weathered material. In
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humic acid or colloidal iron oxides have accumulated in the soil
Similar soil-forming processes can produce soils of similar oalmus
even from contrasting parent materials. In some soils especi
those that are not fully differentiated, colour is inheril’r.d directl
from the parent material. Carbonaceous shales tend to form blaci
soils unless humus decomposition is very rapid. Rocks containing
the less hydrated iron oxides tend to form reddish soils, unless the
environment is very wet or the water table invades the profile,
Conversely, rocks containing the more hydrated iron oxides tend
to form yellowish soils, unless the environment is hot and dry and
the water is driven out of the iron oxides. Inheritance accounts
for some of the colour differences in the soils of the County of
Cumberland (the Sydney Region) where red and yellow podzolic
soils are found on shales and sandstones respectively.

Soil rexture is very closely related to parent material, as was
pointed out in Chapter 3. Parent materials containing minerals
which weather readily tend to form clayey soils, while parent
materials containing minerals that resist weathering tend to form
sandy soils. Of course, a point is reached where the environment
i8 so intense (for instance in the tropics) that almost all minerals
are susceptible to chemical attack; then the parent material’s
influence on texture is rendered subordinate. Variation in texture
with depth in soil profiles depends on the amount of colloid
formed, and this is related to the ease of weathering of the parent
material. There is a limit, which varies from environment to
environment, beyond which so much colloid forms that illuviation
is unimportant. This limit is exceeded in lateritic soils, krasno-
zems, black earths and prairie soils, but is not reached in the
podzolised soils. At the other extreme, profiles lacking colloids
are also uniformly textured®.

Soil structure is closely linked to parent material because it 1S
usually more closely related to the amount of colloid than to any
other ‘soil property. The best peds in soils are found on kigh
colloid-forming parent materials such as basalt, while the low
colloid—forming parent materials such as gramie and sandstone
usually have structure problems. In the New England
New South Wales, fully pedal soils (90% to 100% in
basalt may be found in the same paddock as af
granite,

o

[Ty




and the presence of lime are more closely allied to

sarent material in so far as all parentymalerials
r basic soils, with or without lime. But in a small
form climate, relief and vegetation, pH differences can

jparent material. The more clay-forming the parent
greater the likelihood of encountering lime in the
higher the pH. Leaching is far more effective in
soils.

a soil is partly dependent on the underlying
mineral sources for some plant nutrients are
organic sources. Parent materials high in
the trace elements have a definite advantage

these. A soil’s reaction to cultivation
“not only by its nutrient status but also by its
itution. Many soils from low colloid-forming parent
, sandstone and granite in the New England
8o badly and degenerated in structure to such

iy RELIEF

| @ micro-climatic effect on the soil environment.
e, rainfall is most effective as a leaching agent
rainwater penetrates the soil. This water then
the slope, carrying with it the salts dissolved

ils; this water combines with the surface
""h the resultant mixture is more
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annual rainfall. In areas receiving 40” rainfall, krasnozems are
found on the upper slopes, chocolate soils on the middle slopes,
and prairie soils on the lower slopes. In areas receiving 30" rain-
fall, krasnozems occupy the upper slopes only if they are .
otherwise, chocolate soils extend down to the middle slope whcre’
prairie soils are found, with black earths on the lower slope.
In areas receiving 20" rainfall, black earths occupy the whole
slope.

gecausc lower slope soils remain wetter for longer periods than
upper slope soils, their iron oxides tend to become hydrated, so
that yellow rather than red colours predominate. Upper sl
soils which are usually freely drained, are more reddish in colour.
Repeated water-logging of lower slope soils causes mottles to
develop, so drab greys and yellows are usually interspersed. This,
coupled with the greater likelihood of lime accumulation, makes
lower slope soils much duller and paler in colour than their upper
slope counterparts.

The steepness of the slope is no less important than the position
of the soil on the slope. The steeper the slope, the greater the
tendency for erosion and therefore the shallower the profile. The
following graph, based on podzolic soils in the Mudgee area of
New South Wales, indicates the relationship between steepness of
slope and depth of the eluvial horizons (includes 4 and E

(i1~

18 ~

Depth of 124

efluvial
horizons

in inches 6+

T T S AT
Slope in degrees

Figure 5.6: Relation between depth of eluvial horizons and
slope steepness in the Mudgee area.
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| averages 30” per annum, and the arent the processes of normal erosion and seepage. He likened the
e soils considered is shale and slate. P mor;hologif-‘f’-‘ features of the soils to the links of a chain, each
ship i not quite as simple as this graph implies link depending on those on either side of it, so that what happens
psition. interacts with slope steepness to make lower B i o e e WIS e '

e ot B ils shall links first and to the greatest extent. Any change in properties of
deeper and Wdis:li l:otsc::\perate_ oglv%re rtehalr: :i(:g;sb: a soil on a slope will affect its neighbouring soils first and most
ﬂm . .“mhm of upper slope soils and movement noticeably. The change will be transmitted in diminishing inten-

‘._ sometimes to be dﬁpcsited on top of sity ‘to o e SO-HS SO e slope until it has become evenly
the lower slope. The combined effect of the two Bl o oblitcrated o
e G contrasting depths of soils along Milne i{lj}ustr:uc\, h:s_cate;]a copcept: by ldcscnbmg the seqt:;ncc
qT_ _— 1 SGEa el : of soils along a granite slope in the plateau region, south of
WQiyl ils on the very s:e:g)gleo;sm a;ihor;;insir;;lﬁgé Lake Victoria in Africa. His sequence is shown in Fig. 5.8:

2y be skeletal, while a considerable depth of soil may
on the gentle lower slope. The following diagrams et

_ slope steepness and position in Zrey foam
on slate in the Mudgee area. In these cases, slope

weighs alope posiﬁon: deep

: colluvial,
level deposit red
clay of washed earth \
flood sand P
covering
foothills

iron cemented
granitic
accumulation
due 1o seepage

Figure 5.8: Milne’s catena on granite in East Africa.

Erosion is continuous along this slope. The skeletal gm}'.l!ﬁ?;
acts as the parent material fort!wdcepﬁrﬂdmmﬁmdm
colluviated down the slope. Iron leached from e earth

s of the solum with slope cements granitic and pedologic detritus at the break o
Wherethewatertable,l:l'z.}ghinthewﬁm_ ,Sm"“’m
season facilitating the deposition d”‘g:mudmﬂd

pes are more easily under- moﬂﬁemoﬂmmwmdmmmm
; a unit, as each soil is | themaccmulaﬁon.thcm ited in order of parti
n 1936, G. Milne, . lower slope and into the valley, to be deposited and the clay
B Sihodwcod e forming a wide flood, termed mbuga, across the valley floor.
P



THE LIVING SOIL

p catena was originally used for slopes of Uniform
ck (in the above case, granite, forming granitic col-
1), but its use has been extended to slopes with Iitho!ogjﬁ]

n (for instance, dipping sedimentary rocks of varying

on and texture), and to slopes which may have under~
pne more than one period of soil formation. The term cateng js
i also for slopes the lower parts of which are mantled with
lluvinm, possibly quite different in composition from the hillside
‘During the development of a catena, vegetation variation down
I8 concomitant with soil variation. One of the first premises
applies to even or concave slopes is that vegetation

s in height downslope in response to the greater amount of
and the deeper and more nutritious soil. In dry areas,
n may become more salt-tolerant downslope. These
rences may be detected only in virgin soils, as man tends to

frees on crests and steep slopes and remove them from
more gentle slopes,
Vanation along slopes presents a problem when soils are
) as changes are frequently gradational and all
© variations cannot usually be shown on small scale maps. The

@iSsociation, which is a group of soils commonly found
i the field, usually involves the catena concept. The
15 mapped as a unit in the soil association map, thus
g the need to draw lines where there are gradations, and
in a much simpler map. The following soil catenas are

associations:

Catena on heavy tex-
tured parent material
(especially basalt and
basaltic alluvium)

Catena in the Monaro
Region of New South
Wales on variable
parent material

Catena in moist tem-

perate regions, such as
lt::ﬂCwngo(Cumbcr-

need not be present, but the order is
gley podzolics are not necessarily
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Figure 5.9: Soil catena on denuded laterite in Queensland (after R, H. Gunn, 1967).
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of a red-yellow podzolic catena, as yellow
inue into the valley.
A by the presence of relict soils
formed during a previous environment), The
5.9 on denuded laterite in Central Queensland wag
w R. H. Gunn (1967). The parent material for the
is the eroded horizons of a former lateritic soil.
 is intimately related to the soils along the slope.

‘ I'f'i'"?' ed, this catena has ten components, as shown
illustrates the

t intimate relationship between the soil

f and site along the slope. The surface soils are
being derived from a soil which weathered under a
ment. The nature of the horizons of the old soil

: influences the morphology of the new
strong colluviation along the scarp and the alluvial
il on the plains. The soils along this slope are
several pre-weathered parent materials rather than

: morphology is dominated by the above three factors
misms and parent material) are the inrrazonal soils

‘classifications. They cut across the zonal, or
soils and are seldom shown in soil maps of
Larger scale maps are required to bring out
ns in the factors of soil formation.

TIME

for the development of certain soil properties
horizons may become apparent in apre[gfively

- s may represent the results of only a

of soil formation, and other processes may
z extant in soil properties. On Krakatau,
it took 45 years for 35 cm of soil o
led from the fresh pumice. This is
development, for the rainfall and
parent material porous and readily
l within a pre-weathered parent

SOIL-FORMING FACTORS 1"

darkening of the surface few inches by humus, but illuviation of
constituents takes longer.

There are several ways of studying the time taken for soil
properties to form; all require the absolute dating of several points
during the time period being studied. The rate of isati
may be studied from glacial deposits when the rate of retreat of
the glacier is known; for instance, Chandler (1942) studied the
podzolisation of moraine from the retreating Mendenhall Glacier
near Junecau, Alaska, and found that it took from 500 to 1,000
years for a well-developed profile to form. Other workers believe
it takes even longer than this in a cold climate.

Tree-ring analysis provides a relatively easy means of dating
deposits from which soils are forming. Using this method of
absolute dating, Dickson and Crocker (1954) studied soil forma-
tion of mudfiows in the Mt. Shasta area of California. The five
mudflows were 27, 60, 205, 566 and 1,200 years old, and they
believed that the climate has been relatively constant since the
oldest mudflow stopped. The parent material was weathered
andesite and the vegetation coniferous forest. They found the
colours of the top 2% inches of soil on the three oldest mudfiows
were similar, indicating that a constant colour had been reached
in 205 years. The lower layers took longer to reach a constant
colour. Their findings are summarised in the graph (Fig. 5.10).

0-24" deep

very dark grey brown
245" deep.

dork grey brown
512" deep

colour 5+ grey browa

value

Munsel|

3% % A 2
Time in years B.P. i

Figure 5.10: in Munsell colour value with deptit
T ﬁf"s’éﬁgu? varying age (after Dickson and




\ in these soils was due primarily to the
s as treatment of the soils with hydrogen

humus, changed their colour back to
SSOIVES ﬂyﬁlﬂmh colours were found only
flows, indicating that not enough iron oxides

jears. as soils on the 1,200 year old
e similar to values for soils on the 566 year old
vever, other soil-forming processes were _much
nd little evidence to suggest the formation of
1200 year period of soil formation, as the
remained unaltered, except for basaltic glass.
n of soil colloids are generally accepted by
(1965) claims that only about 0.002 gm of
y from 100 gm of parent material in soils in mid-
s. However, this is perhaps not an incon-
in view of the fact that clay forms in all horizons
and may be translocated within the profile. It is
that Dickson and Crocker found no evidence of
‘over such a long time. Many soils could have been
. the Tertiary, and this would have given them
to form a considerable amount of colloid.

, then, that some soil-forming processes (in particular,
bases and the decomposition and mobiﬁsatjon of
ely rapid and can achieve constant propertics
. but others take much longer, possibly thousands
:  constant properties. There does, however,
& limit to the amount of differentiation which the
ation can effect. In the case of colour
leaching in the soils described by Dickson
t was reached in only 205 years. After this
iges were effected, as the measurable
same. In terms of the geological time
iation was achieved in a brief time.
entiation is exhibited in a number of
similar in depth. Secondly,

%Hlo(mdlwﬂsmmarnbly
1 _bﬂmaietoassnmc that

ocker fouind that pH also reached a constant
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materials only to the extent attained, and is inca

forming them any further. Were this not so, one m bfum
to select a single profile description to represent a given combina-
tion of parent material, relief, organisms and climate, but would
have to describe every exposed soil in a given locality. Soil depth
and degree of horizon differentiation would be directly propor-
tional to the duration of weathering, and there would be little
correlation between depth of soil and slope steepness: indeed, the
deepest soils would be the oldest. Also, one would expect to find
podzolised soils hundreds of feet deep if they have been i
for thousands of years. The work discussed so far, especially
Dickson and Crocker’s, indicates that this is not so, and that
changes in soil properties ‘tail off' with increasing time after a
certain minimum duration, during which the properties change
progressively. This ‘tailing off' may represent a h i
function—perhaps changes are continually occurring but the
pedologist’s naked eye and instruments have mot been sensitive
enough to detect them.

This apparent lack of further differentiation of soils after they
have reached their limit in depth and development of properties
does not imply that the soil profile is passive; rather, the soil-
forming processes are actively maintaining the horizons in their
present morphological relationships. If they did not, the profile
would soon be obliterated by the accumulation of matter and a

resulting destruction of properties.

After the exposure of a fresh surface to processes of un-
interruped soil formation, the soil and its vegetation change
progressively until the soil beco:ges fully ggmtﬁewﬁﬂ
vegetation is at climax. After that, provi he en
remains constant, the soil-forming processes, which include the
decomposition of litter from the climax vegetation, are efficient
only in maintaining the soil’s present , and are in-
effective in deforming it any further. The rate of decomposition
of leaf litter keeps such an even relationship with the rate of
accumulation, that a constant percentage of organic carbon
remains in the soil over the years. Such a soil profile, in which
there are no further visible changes with increasing age, FO‘VM.
the environment remains constant, is termed a matire soil. ’?
the processes of soil formation are actively maintaining the :
its present morphology, in spite of environmental tendencies porfu
obliterate it, the soil issaidwbemdynmntw
environment. Tbesailpmﬁhoom:napmwhwma
mmymnmmdmdﬂm materials leave &o.:uﬂ's
other end without effecting any permanent change in
properties.
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e vino son

ed, can the geomorphic surface be lowereq
g processes are no longer bringing about any
The effects of soil erosion can be very spec.
all removal of material is so spectacular, and few
s how important can be the effects of a gradug]
pper part of the soil profile. The vegclali-g:l may
even at the bottom of grassy slopes there
found, after heavy rain, a thin layer of newly
which soon becomes part of the soil beneath as the
through it—a thin top-dressing. This less spectacular
seciion and ition can operate continually with-
v the depths of either the eroding or
. In this way, the landscape and the soil with it
be lowered, the eroded material being either
 and then oceans, or deposited on lower slopes or
s dynamic equilibrium in soils forms an integral

wering or retreat of equilibrium surfaces in geomor-

an American pedologist, first drew attention
 the mature soil and dynamic equilibrium in
ts of papers published during the 1940s. He

£e are two types of mature soil, cumulative and
which are gradually being buried and eroded
ither of these soils changes over time. They can
the one slope, as shown in Fig. 5.11; or they can
tly, as the material eroded from a non-
| completely leaves the area by streams; or a
B receive accessions of materials from the
I material such as talus.

hypothetically the evolution of cumulative and
‘on the one slope. In the non-cumulative soil,
of the 4 horizon is offset by a propor-
‘hhorizon; that is, the upper B horizon
Al , the C horizon
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movement of soil colloids, are too deep to be affected by soil-
forming processes, and so lose their character. Roots and micro-
bial activity may no longer function at this depth. All of this
causes soil structure degeneration.

boundary between
cumulative and non-cumulative
non-cumulative’ soil

cumulative soil l __________

Figure 5.11: The formation of cumulative and non-
cumulative soils.

The diagram in Fig. 5.11 represents a model only aniahm
would be unlikely to encounter such a simple case i Te&':
Moreover, the diagram tends to imply down-wearing I

back-wearine in its present form of gross exaggeration of scale
and slope. This imp]lijcatiuu is not intended; rather, ':i“’ wn{le:]fl?rz:
and non-cumulative soils form parts of constant-sope i
such as pediments and their associated \'Clle:;i-c mSome el g
podzolic soils in the Mudgee area do appear to L
manner indicated in Fig. 5.11, with bedrock exposedn’ wmedmm!j
beneath the € horizon of the Mﬂw upper slope soO :
deeper lower slope soil is underlain b}'.dﬁc{’ly _"Wm‘:dmm s
its resemblance to the B horizon diminishing
distance from it. »
In Fig. 5.1, one that the “Mwmmh
constant and that erosion and deposition are Gt Bis
soil formation to keep pace. Nikiforoff was fully aware that
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ange in the soil's environment (such as a pro-
i = infall, without increased storminess, or a
erature causing a slow increase in the effective
mmwaﬁm) may cause the old soil to
transformed into & different type of soil. Nikiforoff
o this as soil evolution, but the term polygenesis is

m Polygenesis refers to the derivation of one
from another under gradually changing environmental
_ whereas monogenesis refers to the formation of a soil
material under uniform environmental condi-
soil has therefore developed partly under a
t environment.
that the change from one environment
slow. gﬁ is not always the case and some catastro-
result in the truncation or burial of the profile,
: the soil develops in the new environment. The
‘of periods of soil formation by periods of erosion and
is termed periodicity. Not all soils reach maturity
ing polygenetic or eroded or buried, but polygenesis
can refer to mature as well as immature soils.
ms relict soils, palaeosols and fossil soils are terms applied
W or penndlc soils, that is, soils whose

cannot be entirely related to their existing environ-

psis is more commonly applied to the deriva-
from another, under slowly changing
_ without erosion of the older profile.
ts use the term for soils weathered from the
s of old but these will be included under
book, during the truncation of the old

_ must have been interrupted. Here, the
‘will be used only when soil formation continually
-deposition, under a changing environment.

in environment, some of the old processes are
VY REW ‘ones, mﬁwing different morphological
the new soil. the progressive change in the
slow that the processes of soil formation
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The soils we see today may have undergone a complex history of
changes in one or several of the factors of soil formation over
time. Certainly where the dependent factors are involved, the
change would have been in several factors; for example, in climate
and vegetation Or relief and parent material. Polygenesis may
therefore be initiated by variation, over time, in any of the other
four factors of soil formation—climate, organisms, relief and
parent material.

Climate is perhaps the most widespread cause of polygenesis,
as slow, steady climatic shifts change the rate of most of the soil-
forming processes. For example, a decrease in rainfall causes
decreased leaching, so lime accumulates at a shallower depth in
the profile, the pH rises, and the rate of colloid formation
decreases—to list just a few of the changes that would follow.
Evidence for polygenesis is difficult, if not impossible, to detect
when the shift is from less to more intense weathering, as the
latter tends to obliterate the former. But when the reverse
happens, that is, when there is a shift from moro intense to less
intense weathering, features of the previous soil are more likely to
be preserved. Consider, for example, the changes transforming a
chernozem into a prairie soil, and vice versa. Under diminishing
rainfall, the new climate is incapable of maintaining the full depth
of the prairie profile, which is deeper than the chernozem, so the
lower layers do not become part of the new chernozem profile,
in which lime accumulates within the solum in the B horizon.
Under increasing rainfall, the chernozem profile is deepened and
lime is leached from the solum to the C horizon to form a prairie
soil. In this case the properties of the old soil (the chernozem)
are obliterated, but in the previous case some of the prairie
remains beneath the chernozem as evidence of the earlier, wetter
climate.

soil profiles because the new rainfall is less effective in removing
the salt. In southern Australia, slflytu?eo::‘;rdﬁi:?ysﬁm?haﬁd
being carried across the continent . In:
Per?fds this salt accumulates in soil profiles. In wetter periods
some, but perhaps not all of the salt may be rem
remaining sodium and magnesium will be adsorhndsm ¢
colloids as evidence of the previous drier climate. “mn!mﬂ'ﬂd
matter is actually added to the soil profiles, the accm:) ion 0
salt (called cyclic salt) may be attributed parﬂym M(thc
Va:iaﬁonandparﬂytothcaddnmnofww

o change ed by vegetation changes, and the
Climatic is accompani : .
combination of the twofactorspmdmchangﬂmthcsmlpmﬁk-




§ with natural vegetation for such a
jn the organism factor may be quite
~ Man’s massive clearing of trees and their
: fo ﬂ{m‘ caused marked morphological
tec Not infrequently this drastic
strophic, ing severe erosion and therefore
rather than polygenesis.
e common when the level of the water rable
rally or artificially. Invasion of a well-drained
' table results in prominent subsoil mottling,
water has returned to its previous level, takes
to disappear or does not disappear at all.
5is 18 perhaps more difficult to detect in the
, many Australian soils that were previously
ic are now considered to be polygenetic.
‘red and brown soils associated with the Cobar
: soils, as they are deeper and their
g monogenetic soils. These soils
or brown colour indicative of the
1 oxides in a previously wetter climate. The
‘South Wales, which resemble podzolic soils
‘but contain more exchangeable sodium and
genetic podzolic soils, are also polygenetic.
@ are found extensively on the drier side of
are slightly deeper than neighbouring podzolics.
ietic soils are described in Chapter 12
soils in Australia.

“ba:w formation with periods of
Jong been recognised, especially in Aus-
of soil periodicity is well developed. The
) came from buried soils which are
o .M'cnm@‘ in ll:lads, rail-
& successions of buried soils

at morphologically from  the
therefore refiect a previous and
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ilcrete, laterite and calcrete, and formed duri intensive
i’eathering in the Tertiary) be used as a marker t:rn:x‘irmging the
soils above and below it in stratigraphical sequence, as in

logical stratigraphy. But duricrust poses greater problems than
rock strata, as it represents the oldest soil formation so far found
in Australia, and most of the younger soils form at lower levels
than the duricrust. Duricrust is very common in Australia. In the
east it is expressed as laterite, the iron-rich component. This hard,
red and yellow material should be looked for in railway and road
cuttings and in quarries. In the dry interior, it is more common
as silcrete (the silica-rich component) or calcrete (the calcium
carbonate-rich component). Duricrust is often the first indicator
of soil periodicity that one finds in an area. More will be said
about it in Chapter 12.

The word periodicity was used initially by J. Macdonald
Holmes to describe a soil succession in the Tamworth area in
1937 and 1940. He stressed the importance of ‘deposit morpho-
metry’ in the study of soils and he particularly related periodicity
to Milne's concept of the catena. Periodicity then received very
little attention in Australia until the start of the landscape studies
in the Riverine Plains in the early 1950s. Butler’s (1959) paper
on Periodic Phenomena in Landscapes renewed interest in_!he
subject in Australia and was followed by a series of papers, chiefly
by C.S.LR.O. pedologists, on soil stratigraphy throughout Aus-
tralia. Butler (1959) and his co-workers used K-cycles in their
studies. Butler defines K-cycles as ‘the alternation of phases of
progressive soil development and minimal surface succession with
phases of progressive surface succession and minimal soil m
ment’. His K-cycle starts with an unstable phase in which the
soil is eroded and/or buried and soil development is mthe o
The unstable phase is fol.low:lc(: by a Sta':::dth when o 3

arent material unde soil formation erosion-deposit
Eiinimal. A K-cycle__rgh?:ti constitutes one unstable and one ﬁ
phase and ends with the onset of the next v g
uses the term groundsurface for the matﬂ_mlxmd hﬂ‘gmm_
K <cycle, that is, a soil and its parent material. ~cycles :
backwards from the present as follows:

K,. present unstable phase




v is relative and applies only to the area
il Correlating K-cycles without absolute
: m Further comments on K-cycles
12 when the relict soils of the Riverine

ohy is analogous to rock stratigraphy in the un-
g disconformities that are found. Irregular
 as that arising from pediplanation, exposes an
minrsuﬂfm:maaon during the period
on. The horizons of the truncated soil profile
;m material for the soil formed during the
the horizons of a lateritic soil
= pan M:nlfm' red and yellow podzolic soils as
. m The truncated horizons may be buried by
q:mm or both, and the new soil may form
it materials (see Fig. 5.13).
Fﬂh are widespread in Australia and are
many Great Soil Groups (see Chapters 6
m are deeply weathered, it takes a
destroy them completely, whereas
pﬁdﬂ!hc soils or black earths are
time or with much less intense

us
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Red podzolic
forming on
colluvium and —— ¢

alluvium o5

Figure 5.13: A truncated lateritic profile buried beneath
colluvium and alluvium which are developing
a red podzolic profile.

Soil stratigraphy, like rock stratigraphy, indicates a great deal
about the environment in which a soil formed, for pedologists
know the environments under which the various Great Soil Groups
form today. If an area contains a relict soil which tlis:anwelthos{
forming today but only under hotter, wetter conditions e
where it is found, one must infer that the area had a pre
hotter, wetter climate. Thus rehlfa tsgis assist the palaeoclimatolo-
gist (the student of previous ¢

Climatic change is the most Wi widespread museﬂolfys‘;ﬂnqu
Climatic change is often associated with msmbsm'l s
storminess, which accelerates erosion, causing profiles %0
truncated. The eroded material may be dﬁpoﬂh’d elsewhere
bury other soils. This constitutes an unstabl
m?ncwchmatchassctﬂedm,amxxedmﬁ .
and fresh parent material presents itself for soil formation.
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hange may be independent of climatic change.
razing by animals may remove cenma'l:,g p];:::
ly the leaf litter added to the soil
ay accelerate erosion and initiate mass moye.
restation has initiated widespread deposition of
eroded slopes. This colluvium, which on some
So.pes of New South Wales is more thap
is now being podzolised and represents the most
 Some areas.
\ is well established in New Zealand where
nic eruptions have spread thin layers of pumice
' wide areas. Successions of buried soils in these
~encountered in many road and railway cuttings.
lower buried soils remain remarkably intact con-
ious nature of the parent material. Some of the
 been dated using carbon-14 to establish an
chronology. Similarly, in midwestern United States,
L sequences are found on loess associated with
8. The loess is calcareous, so one of the first
, 8 i8 the leaching of the lime and the lowering
| Australia, buried soils are found on a wide variety
es—acolian material, colluvium, alluvium, dune sands
| depositional features, The student should begin at
r them in cuttings, creeks and quarries, enquiring
ﬁl’!mm the present-day soils of the arca, and
ences relate to their parent material or to climate.
| Succession may represent many combinations of the
I formation (climate, organisms, parent material
er time before the present-day period of soil forma-
It is the pedologist’s job to determine what these
various points in time when soil formation was
o ion, that is, when the various buried
 formed
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jons are contrivances made by men to best suit their
‘They are not themselves truths that can be discovered.
e there is no true classification; . . . the best classification
which best serves the purpose or purposes for which it was

kn dge expands, new facts or closer approximations to
~make mew classifications imperative. Classification is the
in which the present condition of the science is reflected
ies of classifications reflect the phases of its development.'
; Guy Smith, in Soil Classification,
e a Comprehensive Sysiem, Seventh
Approximation (U.S. Department
of Agriculture, 1960).

SOIL CLASSIFICATION

1
reaction to stresses and water percolation. Of more use to the
ologist is the second, the morphologic approach, which takes
into consideration total profile features, with is on
descriptions of soil profiles. Since soil morphology reflects
soil-forming processes, the classification used in this book is
morphologic one. A third approach to soil classification considers
the factors which influence soil formation. Since the origin
soils is of paramount importance in this approach, it is referred to
as the genetic approach. In this approach, soil properties are
related to the five factors of soil formation (climate, relief, parent
material, organisms and time). This is one of the oldest ap-
proaches to soil classification—the early Russian pedologists
stressed the close correlation between soil types and climatic
regions, while later workers, notably Sibirtzev, noted the influence
of other factors on soil formation and introduced these into their
classifications. The grouping of soils according to the soil-forming
factors into zonal (climate), intrazonal (relief, parent material
and vegetation) and azonal (time) dates back to last century and
is still used in many modern soil classifications.

It is difficult to categorise modern soil classifications as em-
pirical, morphologic or genetic, as frequently all three approaches
are combined. Some classifications employ the factors of soil
formation (genetic) as major divisions, and subdivide according to
profile features (morphologic) and then according to individual
soil properties (empirical). ' S

The approach to classifying soils is similar in many respects to
the approaches used to classify other natural objects, such as
plants and animals. However, the classificatory terms are not
always used in 2 common sense by all pedologists, perhaps because
soil classification is younger than either botanical or zoological
classifications and is therefore constantly changing. The 1?;\:
shown in Fig. 6.1 illustrates the parallel between botanical

soil classification.

2

Botanical Classification Soil Classification

Phylum  Spermatophyta Order Zonal

Order Angiospermae
Class Dicotyledoneae Great Soil Group Red podzolic

Family (Amee}
Genus  Evalyptus Series ; s
Species  obliqua Claas £t e

Figure 6.1: A comparison of botanical and soil classifications.
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M‘ ' in Fig. 6.1, there are six lev
s related to the last two levels. Howevglrg:
n. the common name refers to the soil of a
'while the Great Soil Group is the more
" In botanical classification, families are perhaps
s as Great Soil Groups are in soil classification,
assification, from Family to Class refer to local
Jevels of classification would not appear on a world
- on quite large-scale maps. Hence, this book
-' lgxls of classification at or below the

zoological classification, the terms as outlined in
ot used in this sense by all pedologists. However,
f the terms in the classification hierarchy is the same.
: even use different terms for the various levels of
d introduce additional terms. This will be more
some well-known soil classifications have been
- et us look more closely at the levels of classifica-
as shown in Fig. 6.1.

‘usually relate to the five factors of soil formation.
er is the highest category in soil classification and
to the division into zonal, intrazonal and azonal
have well-developed profiles and refiect con-
in climate and associated vegetation. They
d uplands on parent materials not extreme
composition. Intrazonal soils, which also
profiles, reflect the dominating influence of
s of soil formation, especially relief, parent
\peculiarities of vegetation. Intrazonal soils may
| soils and so may be of continental extent.
reflect some local condition which would not
continental extent. Azonal soils lack profile
because they have not had sufficient time to
occur on slopes so steep that erosion
the extent that no horizons can form.
1g profile differentiation will result.
slopes may be quite mature in
types of azonal soil appear to be

; classification is less firmly established than either
or
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it still broadly reflects climate, both continental and local, and so
is also related to a factor of soil formation.

Soil suborders are generally associated with the most obvious

rofile features, such as domination by organic matter, accumula-~
tion of sesquioxides, marked illuviation of constituents or the
accumulation of salts. Zonal suborders are of continental extent
but intrazonal and azonal suborders may refer to local variations
and so appear only on larger scale maps.

Great Soil Groups are based on total profile features. Since soil
propcrties form a continuum, Great Soil Groups frequently grade
into each other; for example, if two Great Soil Groups are
distinguished mainly by colour, as in the red and yeliow podzolic
groups, it is likely that between these two main Great Soil Groups
one will encounter soils with both red and yellow (or orange)
colours. Great Soil Groups, then, represent nodes along the long
continuum of soil properties. This is the sense in which this
category of classification is used in this book, but there are
intergrading soils between the main Great Soil Groups. Examples
of Great Soil Groups are red podzolics, chemozems, red-brown
earths and grey soils of heavy texture. These names are analogous
to the names of common rocks in geology, such as granite, sand-
stone, ba and slate. These names have certain meanings in
commeon among geologists, but the precise definition of each term
may vary; for example, the limiting percentage of minerals in a
rock defined as granite varies among geologists, yet all geologists
consider granite as an acid, igneous, plutonic rock containing
quartz, feldspar and biotite and sometimes l}umhlende. Similarly,
to the pedologist, red podzolic means an acid, markedly differen-
tiated soil in which iron and clay have been illuviated and an E
horizon has formed. The precise amount of illuviation considered
necessary before a soil can be termed a red podzolic varies ‘;m“;l;
pedologists. Great Soil Gro;gd m;mg:‘s are the oomx}am;l t];edo ogi
laneuage, and though some ologists are attemp’
them fg;-om their sgii classifications, they still represent the most
concise way of describing soils in terms which most pedologists
understand.

SOME SYSTEMS OF SOIL CLASSIFICATION

classification will now be
Some well-known systems of soil : %
considered. Three of these are by Australian MP"MWM

: - Stace, Hubble
(Stephens, 1962; Northcote, 1965; ith. 1960), and

1968), American pedologist (Guy
L o e “FAQ/UNESCO. Inermational System (1968).
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h describes the morphology, genesis, ocepr.
y of the main Great Soil Groups recognised in
s. therefore, is on classification down to the
: he does consider the lower levelg
" His book has been replaced by A4 Handbook of
(1968) by Stace, Hubble and others, in which
different of soil classification, combinin
yme of the Great Soil Groups used by Stephens,
new ones. Their classification is also a means of
material in their book, rather than an end in itself
and Guy Smith’s systems, on the other hand, are more
: - the of describing and naming, and for
and survey , though the authors hope their
will achieve wider recognition. Northcote’s system forms
The Atlas of Australian Soils which, in 12 map-
i at a scale of 1:2,000,000, provides a soil map for
of Australia. This series, completed in 1968, is probably
m‘-it is essential to understand the system of
Jon which it is based if the mapping units are to be
‘Northcote's system, which will be revised (the revision
1969) is intended only for use with Australian soils.
ystem, which encompasses the work of the US.
of Agr e, is meant to include all the world’s
mhﬂg revised. The 1960 version of Guy Smith’s
| as the ‘Seventh Approximation’.
ESCO system of soil classification uses combina-
Cogrisce soil classifications, including Stephens’
Smith’s (1960). The classification is designed
FAO/UNESCO Soil Map of the World’,
1S scheduled to begin in 1969. This project
every continent, at a scale of 1:5,000,000.
 complete, school libraries will undoubtedly
copies of all the maps were presented for
th International Soils Congress at Adelaide in
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his soils, and Guy Smith uses a system of names, based mainly on
Latin derivatives; none of his soil names are familiar pedological
terms, though some of the names are now used in pedological
literature outside the context of the Seventh Approximation. The
FAO/UNESCO system uses 2 combined terminology—some
traditional Great Soil Group names are used, together with new
terms, some of which are taken from more recent classifications
such as the Seventh Approximation.

Since Stace, Hubble and others (1968) and FAO/UNESCO
(1968) use only two levels of classification in their systems,
namely suborders and Great Soil Groups, the trend in soil
classification appears to be away from a complex hierarchy.
These two systems, however, are designed for the purpose of
describing and mapping soils at Great Soil Group level at very
small scales, and so are not concerned with finer levels of
classification which are needed to describe and map soils at much
larger scales. The systems of Stephens, Northcote and Guy Smith
are aimed at describing and mapping soils at all scales, so these
authors cannot really avoid complex classification hierarchies.
The classification categories used by these three authors are shown
in Fig. 6.2.

Stephens, 1962 Northeote, 1965 s“?::h s“. ith, ‘::i“
Solum class Primary profile form Soil ocder
(Division)
Subdivision Soil suborder
Section Great group
Subsection Subgroup
Class Family
Subclass Series
Principal profile form Type

il classification by Stephens
I d Guy Smith (1960)- The

the top of each column.

Figure 6.2: Categories used in so
(1962), Northcote (1965) an
highest category is listed at

STEPHENS' SYSTEM (1962)

Although in his Manual of Australian Soils Stephens uses
classification levels only down to Great Soil Groups, he mm;
the other terms in his classification hierarchy. His first ﬁ'm“
into solum classes, depending on whether horizons are present
not. There are two solum classes: sl
I Solum undifferentiated, which represents ml_ 3
I Solum differentiated, which ‘ncludes zonal and intrazonal soils.
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1. Alluvial Soils
2. Skeletal soils
3. Calcareous coastal sands

26, Rendzinas
27, Ground-water rendzinas
28. Fen soils

£. Solum saline or showing post-
saline structure in the illuvial

horizon
29. Solonchaks
’ " i 30, Solonetz
| acid, and with organic, 31. Solodised solonetz
: sometimes clay 85 "Satoths

33. Solonized brown soils

podzols g. Solum with slightly acid 1o
neutrsl eluvial horizons and
clay and calcarecus illuvial horizons

34, Red-brown earths

35. Brown earths

34, Brown soils of light texture
37. Arid red earths

38. Grey calcareous soils

soils h. Solum with neutral to alksline
soils wezkly developed eluvial hori-
2ons and calcarecus and/or
“?’ gypssous illuvial horizons
39. Grey soils of heavy texturs
40, Brown soils of heavy tex-
fure

i. Solum with deflated, slightly
acid to alkaline, eluvial horizons,
and calcareous and/or gypseous
illuvial horizons

41. Desert loams

42, Grey-brown and red cal-
careous desert soils

43. Red and brown hardpan
soils

44. Desert sand plain soils

45. Calcareous lateritic soils

46. Stony desert tableland soils

47. Desert sandhills

'..-'9“ classification, showing
orders, soil suhudef:n and Gr:aat
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Stephens’ soil orders depend on whether lime and/or
are found in the solum, regardless of whether they occur in the €
horizon or parent material; hence there are two soil orders—
pedocals (containing lime) and pedalfers (not containing lime)
Soil suborders depend on the most obvious profile features suc!;
as the positions of horizons of organic matter, clay, sesquioxides,
lime and gypsum. Stephens recognises nine suborders (@toiin
Fig. 6.3).

Stephens’ Great Soil Groups depend on total profile features,
especially changes in colour and texture, and features related to
poor drainage, lime, iron, organic matter, salt accumulation and
relict properties. Stephens regards Great Soil Groups as nodes
along a continuum, rather like mounds of sand in a sand tray:
the mounds represent modal soils with full development of the
concerned, while the flanks and basal sand represent
rrading soils with less than full development of these
as they merge into different properties related to the
Soil Group. Stephens recognises 47 Great Soil Groups

classification (1 to 47 in Fig. 6.3), a slight increase
over the Great Soil Groups listed in the earlier editions (1953
and 1956) of his Manual. Stephens classification applies only to

in his 19¢

Australian soils and many more Great Soil Groups are recognised
in world soil classifications.
Stephens uses the remaining terms in his classification hierarchy

in a manner similar to that of many Australian, and some overseas,
soil surveyors. Soil families, a more recent level of soil classifica-
tion, are associated with differences in depth of the solum, and
differences in properties of the B horizons, especially structure and
mottling, For example, various red podzolic soils could be divided
into families by solum depth, and by the presence of pedal or
massive B horizons. Soil series relate to differences in parent
material. These differences do not have sufficient influence on soil
morphology to form a different Great Soil Group, I;ut cause
variations in colour and texture within a single (_37831 Soil Group.
For example, in the Sydney region, red podzolics are found "-:}
both shale and sandstone, giving rise to series varations. Both
the red podzolics have acid profiles and clay and iron ﬂ]man&
but the sandstone podzolics tend to be more coarsely textured 2
they are therefore more poorly structured than the shale P"d::ld'“é
Soil types depend on differences in the texture of the 4 Prad
horizons, and, with accompanying minor differences, in thchm
C horizons. The soils mapped as different types usually s
common parent material. - .
From the family to type levels of classification, soils are given
local names and may be shown on quite large scale maps. Such




nt 7. Grey, brown and red calcareous solls
. Desert loams

9. Red and brown hardpan soils

10. Grey, brown and red clays

11, Black earths
12. Rendzinas
13, Chernozems
14, Prairie soils
15. Wiesenboden

16. Solonefz

17. Solodised solonetz and solodic soils
18. Soloths

19. Solonised brown soils

20. Red-brown earths

21, Non calcic brown soils

22. Chocolate soils

23, Brown earths

24, Colcareous red earths
25. Red earths

25, Yellow earths

27. Terra rossa soils

28. Euchrozems

29. Xanthothems

30. Krasnozems

31. Grey-brown podzolic soils
32, Red podzolic soils

33, Yellow podzolic scils

34. Brown podzolic solls

35, Lateritic podzolic soils
36. Gleyed podzolic soils

37. Podzols

38. Humus podzels
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soils could not be shown on maps of continental extent. Soil
families or soil series are frequently grouped on maps into soil
associations which include whole catenas (see Chapter 5) as single
mapping units. Associations can, however, be considered at the
Great Soil Group level as well as at the family or series level.
On very large scale soil maps, an additional level of classification
is frequently needed: this is the soil phase which shows variations
in the slope of the land, the degree of erosion of the soil and the
effects of cultivation. Phase variations are more related to site
than to the soil itself, but are quite important on maps for soil
conservation.

STAcCE, HUBBLE AND OTHERS' SYSTEM (1968)

Stace. Hubble and others in A Handbook of Australian Soils,
which appears in licu of a fourth edition of Stephens’ Manual of
Australian Soils, present a soil classification which bears very little
resemblance to Stephens’ system. They discard solum classes and
soil orders, the former being incorporated into their suborders and
the latter not being used at all, as their soil orders include both
pedocals and pedalfers. Their system of classification is shown in
Fig. 6.4. The avthors claim: ‘the groups are now given in such
an order that they represent overall a progressive increase in the
degree of profile development and degree of leaching. Within the
sequence a number of categories are recognised, beginning with
those in which there is little or no profile development and ending
with the soils dominated by the accumulation of organic matter.
Thus the dark soils follow the category with minimal profile
development, and are followed in turn by categories whiqh are
progressively more strongly leached and highly differentiated.’
—Stace, Hubble and others, 1968. {

One wonders why soils dominated by the accumulation of
organic matter are regarded as more strongly differentiated and
strongly leached than cither the podzolised, or sesquioxide
dominated soils, especially since the category includes neutral to
alkaline peats which are scarcely leached or differentiated at all.
Perhaps since this classification system merely represents a means
for arranging a vast range of descriptive and analytical material in
some order in a book, one should not be too critical of the scheme
itself.

NoRTHCOTE’S SysTEM (1965)
Partly because of the problems of having to describe modal

of Stace, Hubble and
claim that the Great Soil
right-hand column — are
of e development
in the left-hand

aphens’ soil sub-

profiles and of intergrading of Great Soil Groups, Northeote’s soil
classification symmmnMJEBauy sets aside the Great Soil Group
concept and ai ise definitions of the soil pr

His scheme is based on Australian soils, with an initial of
500 soils. His classificati 'museson!yﬂ:eﬂddpmpemﬁdﬂ
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‘wider application than classifications like Gy
ely on laboratory analysis of soils. Thz
ssigned to cater for surface soils, though burjed
of them remain, may also be coded.
scheme uses letters and numbers, rather thap
code soils. It is not necessary to carry the coding
h to its completion when not enough information is
o Tbﬁ;hm level of classification, primary profile forms
d divisions), is made on the basis of the field deter-
soil texture changes down the profile. Precise
pn of texture classes requires practice, and best resuits
if several pedologists compare their ‘texturing’. Small
the texture classes down the profile could place soils
primary profile form. Compared with the other
for major divisions in Northcote’s system, texture
s the least objective. Four primary profile forms are
d: three are based on texture alome, the fourth on the
‘organic matter in relation to texture. The four primary

dominated by organic matter, with the upper 12
: ining 20% or more organic matter, provided
 that the clay content is 15% or less; or 30% or more
> inic matter, provided that the clay content is more
primary profile forms: soils dominated by
matter but showing little textural change down
profile; that is, with no clearly defined textural
s within the so‘lﬂt::;and all the horizons included

2l primary profile forms: soils dominated by
m and increasingly finer-textured
: m the texture difference between consecu-

profile forms: soils dominated by mineral

marked texture contrast befween the
horizons of at least 14 to 2 field-texture
are clayey and their upper

i v—'
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3 Loams: loam, fine sandy loam, silty loam, Th

- ¥ e
sandy clay loam mediuim

4. Clay loams: fine sandy clay loam, silty clay textures
Joam, clay loam

6. Medium-heavy clays: medmm clay, heavy ; fine

clay textures
Note that Northcote uses texture classes in addition to those
listed in Chapter 2 and shown in the texture triangle (Fig. 2.7).

5. Light clays: sandy clay, silty clay, light clay ] The

Northcote’s field-texture classes include several single texture
classes, so a soil can still be classified as uniformly textured if its
horizons are included in two classes in Fig. 2.7. The following
profiles are classified as uniform, the textures going from top to
bottom:

loam, fine sandy loam, sandy clay loam;

sandy clay, silty clay, light clay.
The following profiles are classified as gradational:

sand, loamy sand, sandy loam;

loam, clay loam, light clay;

clay loam, silty clay, medium clay.
In duplex profiles, marked texture changes are required so the
subsoils are usually clayey in texture. In addition to marked
change in texture, the change must occur over less than 4 inches,
ie., the boundary between the light and heavy textured horizons
must be sharp. The following profiles are classified as duplex:

sand over clay; sand over sandy clay loam; :

loam over clay; loam or clay loam over medium or

heavy clay.

Northcote’s subdivisions are not based on a common property,
but on those properties which are most useful in each primary
profile form. Organic primary profile forms are not subdivided,
and three different properties are used for each of the three

remaining profile forms. Uniform primary profile fort:ll: 3
subdivided on the basis of texture, an_d_gn vyhether e
textured soils crack. There are four subdivisions in the U primary

profile forms:

Uc coarse textured

Um medium textured

Uf fine textured, non-cracking
Ug fine textured, cracking.
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ore are two subdivisions within G primary
ng on the presence of lime: el e
e are calcarcous throughout
P are not calcareous throughout, but li ay
: &1 in the B, C or R horizons. .
8 D primary profile forms are subdivided into five parts
fing on the Munsell colour rating of the top six inches of
clayey B horizon:
red B horizon (Munsell hue red or redder than 5YR)
b brown B horizon (Munsell hue yellower than 5YR and
- value/chroma rating of 5)
yellow B horizon (Munsell hue yellower than SYR and
value/chroma of 2 or 4)
?;k 8 horizon (any Munsell hue, with value/chroma of
pale or gley B horizon (any colour on the Munsell gley
| ehart or any hue with value/chroma rating of 3).
‘the soils in the D texture may be mottled or whole coloured
ihcote considers a soil as mottled if more than 10% of its
- matter is differently coloured).
= Primary profile forms (divisions) and subdivisions are shown in

PRIMARY PROFILE FORMS  SUBDIVISIONS
(OR DIVISIONS)

0~—————no further classes defined

coarse textured ————— Uc -‘E
medium textured Um—-——
- fine textured, non-cracking— Uf
fine textured, cracking Ug

‘ceﬂcamws throughout —— Gt ==

not caicareous throughout —Gn

red clay B horizons i —
brown clay B horizons ———Db
— yeilow clay B horizons ——py
o dark clay B horizons ——— pd
— pale or gley clay B horizons-Dg
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Northeote’s scctions, subsections, classes, subclasses and
principal profile forms also depend on the properties found most
useful, rather than properties common to all categories. Numbers
are allotted for sections, classes and principal profile forms, while
subsections and subclasses represent groupings of these numbers
and are allotted letters, e.g,,

subsection Ucl a includes Ucl.1 to Ucl.2

subsection Ucl b includes Ucl.3 to Ucl .4
Sections are designated by the first number, for example, the
number 1 in Uc 1; classes are designated by the second number,
for ex: the 2 in Ucl.2; and principal profile forms are
by the third number, for example, the 3 in Ucl.23.
properties used in sections, classes and principal profile
ee of horizon differentiation, colour, the nature
zon, the cementation of 4 and E horizons, the
of B horizons, the presence of pans, especially
nes, and the soil reaction trend which brings out the
gencral pattern of pH change down the profile. The pH is
measured with a pH meter or indicators which ct_)rre]ate w:{.h
meter measurements, such as Raupach’s Indicator widely used in
Australia to estimate soil reaction. Fig. 6.6 shows the sections,
forms within the subdivision Uc to
d at each level of classification,

classes and principal profile
illustrate the various properties use : . 1
At its present stage of development, Northcote’s system of soil
classification is most useful in soil mapping. The pcdo!ogzst need
merely code the soil in the field by the appropnate letters and
numerals, rather than write a lengthy description of the soil Pmﬁi;
at each site. The compilation of the sheets of the Atlas
Australian Soils at 1:2,000,000 was started in 1960, mau:gg't:z
Northeote. The soils are listed in the main legend in m:h e
Northcote code letters; however, explanatory booklets W and Jist
map provide verbal descriptions of the code letters r
Great Soil Group equivalents to the various principal t_Jfl:""’ﬁ]”""ﬂ s
These maps provide the most up-to-date coverage ustralian

: . *(1968) map at
soils and, together with Stace, Hubble and others “usdull]f :
the back of %he Handbook of Australian Soils, ca;e S éu z
any soils excursions, However, students e ¥ of encountering
small scales of these maps, and the possibility
intrazonal soils not shown on then.

GuY SMITH'S SEVENTH APPROXIMATION (1960) s
Guy Smith's Seventh Approximation is also being rtivrs
will be accommodated

it is hoped that new : 2 it
framewark of the 1960 edition of the classification. Tt £ e
cation is also based on soil properties, but, :
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system, laboratory measurement is needed for full classification,
though some of the properties are observable in the field.
Preference is given to properties which are estimated quantitatively
rather than qualitatively. The properties selected are those which
relate to the soil-forming processes and indicate soil genesis.
Where properties have equal genetic significance, preference is
given to the one that has most influence on plant growth. Like
Northcote’s classification, the division of the categories is not made
on the basis of common properties, but according to properties
most useful to that division. Because American soils, on which
this classification is based, tend to have their upper horizons
altered by man (more so than Australian soils), emphasis is placed
on the subsoil.
There are ten soil orders in the system. These orders corres-
pond quite closely to the soil types of the early Russian pedologist,
Dokuchaev, The orders are based on the properties of soils that
reflect similar processes of horizon formation. They include zonal,
intrazonal and azonal soils and pedalfers and pedocals and
perhaps parallel Stephens’ suborders rather than his orders or
solum classes, though it is difficult to compare the two systems.
The soil orders, with a brief summary of their main features, are
as follows:
1. Entisols (from ent meaning recent) correspond to azonal
soils

2. Vertisols (from verfo meaning turn), the cracking, strongly
gilgaied clayey soils

3. Inceptisols (from inceprum meaning begim_ﬁng), young
undifferentiated soils including brown forest soils and humic
gley soils

4. Aridisols (from aridus meaning dry), the soils of the deserts,
including solonchaks, brown desert soils, mdso;s“:;tﬂ;’?bm

5. Mollisols (from mollis meaning soft), the
desert, including solonetz, prairie soils, chernozems and
rendzinas

6. Spodosols (from spodos meaning wood or ash), podzols,
brown podzolics and groundwater podzols

7. Alfisols (from alf meaning pedalfer), grey-brown podzolics,
grey wooded soils and non-calcic brown earths

8. Ultisols (from ukin::}smming last), red-yellow podzolics

9. Oxisols (from oxide meaning a compound with oxygen),
10. Histosols (from histos meaning tissue), hydromorphic organic
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re based on the characteristics producing the greatest
i ity. The colour of the wet soil is used
properties. The suborders form prefixes to the orders:
a strongly mottled entisol is called an aquent. Some
prider are:
a meaning highest)—most strongly weathered
m meaning white)—presence of a bleached horizon
Gqua meaning water)—characteristics associated with
- wetness, i.e., mottling _ = Wi
rom argilla meaning clay)—a horizon with lH!.I\'E:l! clay
im ferrum meaning iron)—the presence of iron
(from psammos meaning sand)—sandy textures
p ustus meaning burnt)}—of dry climates, with hot summer,
3t groups are defined mainly by the presence in them of
horizons and the arrangement of those horizons. Some
have only one great group. The great groups, which
‘more than 40, form prefixes on the suborders and include
‘prefixes used in the suborders as well as new prefixes.
of the additional prefixes are:
colours crypt—hidden
: gloss—tongued
therm—warm.
be defined only with reference to the great
efer mainly to the intergrades between the great
\n adjective is used for the subgroups, e.g., orthic which
i€ normal great group. Some of the adjectives are
e great group prefixes, but others such as ruptic,
are used as well.
from family down rely on local names as in most
ions, but emphasise the properties important to
Series differences generally relate to the original
starting point for classification according to the
or hﬁlepadmwﬁchismcsmauel:tgvulumt
in its own right. It has three dimensions
Smith as ‘the full solum to within the
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classification which has application to field studies; and so far they
have not produced maps based on the Seventh Approximation,

FAO/UNESCO SorL UNITS FOR SoiL Map OF THE WoRrLD

The soil classification used in the FAO/UNESCO system is
designed to produce the world soil maps at a scale of 1:5,000,000,
so lower members of the soil classification hierarchy are not
needed. The soil mapping units correspond most closely to the

reat Soil Group level, but the soils within each subdivision are
not necessarily all at the same level of generalisation.

Because the classification is an international one, the soil names
were ones that did not change much on translation and
r meanings in different countries. Where possible,
| soil names are used, for example, podzols, chernozems,
Izinas and lithosols, but names which have become
n some of the newer soil classifications are also
example, vertisol from the Seventh Approximation
gleysol from the Canadian classification. Where soil terms are
particularly confusing in soils literature, such as podzolised and
brown forest soil, new terms have been selected in an attempt to
avoid the confusions.

The names for the soils are taken from many different soil
classifications from various countries, including Australia
(Stephens’ classification, 1962, in A Manual of Australian Soils
is used). The soil names are derived therefore from Russian,
Latin, Greek, Austrian, Japanese and other names. Fig. 6.7 lists
the soils units and their abbreviations used on the maps. These
abbreviations are either the first letter of the soil name, for
example, C for chernozem, or the first letter of a.soil pame similar
to the one used, for example B for cambisol which means brown
forest soils. Not enough single letters were avaﬂable_, 50 luhosols
(I), paramosols (U) and rendzinas (¥) had to be given arbitrary
abbreviations. 2

Fig. 6.7 shows that the FAO/UNESCO system recognises 79
Great Soil Groups. The world soil maps being produced on the
basis of this classification will be the only ones available in such
detail. They cover every continent and will provide an invaluable

: all branches of y and other sciences,
reference source for e er
as well as pedology. Many libraries will undoubtedly purchase
these maps, so an explanation of the soils names used will

be

L :
e ings of soils (fluvisols, rhegosols, may be
as

sele

in groupin etc.) m:
cnnmsigemd as soil suborders. Many of the terms used in these
suborders are repeated in the Great Soil Group names, so though
some of the words may be new, the terminology is not
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Abbreviation  Seil Name Abbraviation
J CASTANOZEMS K
Jd Halpic castanozems Kn
Je Luvic castanczems Kl

Calcic castanorems Kl
:d CHERNOZEMS ,
Re Halpic chernozems Cn
Luvie chernozems c
z Caleic chernozems Ck
G PHAEOZEMS H
Go Halpic phaecozems Hn
Gj Luvic phasozems Hi
Gh Gleyie phasoxems Hg
- CAMBISOLS 8
Gn Ochric cambisols Bo
Gd Humic cambisols BF
Eutric cambisols Be
?;n Calcic cambisols B
Vertic cambisols Bv
Y LuvisoLs |
Brunic luvisols Lb
Chromic luvisols
Ferric lyvisols Lf
Rhodie |uvisols Lr
Albic luvisols La
Glpssic luvisols L
Plinthic luvisols Lo
Gleyic luvisols lg
ACRISOLS A
Helvic scrisols Ay
Rhodic acrisols Ar
Humic acrisch Ah
Plinthic acrisols Ap
Gleyle acrisoly Ag
PARAMOSCLS u
PODIOLS | . P
Hume-ferric red.wh Po
Ferric padrols . Pf
Humic podzoly . Ph
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formidable as it first appears, especially since many of the new
terms are derived from well-known Latin roots such as fluvisel
from fluvius, meaning a river, and arenosol from arena, meani
sand, The following notes give the derivation of the suborder
names and a very brief description of the soils.

Fruvisors (Latin fluvius, a river) alluvial soils with fittle profile

1ation

differe
RHEGOSOLS ( < rhegos, blanket) very poorly developed soils
werlying hard rock
AreNosoLs (Latin arena, sand) poorly differentiated sands
GLEYSOLS , mucky soil mass) soils containing
mottled horizons resulting from excess water
ish word meaning shallow, sticky soils over

RENDZINA
1 )

RANKERS (Austrian rank, steep slope) shallow soils on siliceous
material; no horizon formation

ANDOSOI « an. dark) soils formed from material rich
in 185 and having a dark surface horizon

VERTISOLS verto, turn) heavy textured, deeply cracking

ils prone to gilgai formation (churning)

ErMosoLs (Latin eremus, solitary, desolate) soils of the open
deserts; desert sand plain soils and desert Jloams; poorly
differentiated desert soils

XErosoLs (Greek xeros, dry) desert soils with profile differen-
tiation, but no strung'}ault accumulations

HALOsOLS (Greek hals, salt) desert soils with salt accumulation
and sodium domination; differentiated profiles

PrLanosors (Latin plamus, flat, level) soils in level or depressed
topography with poor drainage

Castanozems (Latin castaneo, chestnut; Russian zemlya, earth)
soils rich in organic matter with a brown or chestnut tinge
at the surface »

CHERNOZEMS (Russian chern, black; zemiya, earth) soils rich in
organic matter with a black colour at the surface !

PuAkozEMS (Greek phaios, dusky; Russian zemiya, earth) soils
rich in organic matier having a dark coloured surface

CAMBISOLS (Latin cambiare, change) soils in which changes in
colour, structure and nmlrl!lgﬁ have oomtmi_ as a result
of weathering in situ er

Luwvisors (Latin :;:5. tense of luo, to wash) soils in which
clay illuviation has occurred, but not strong base depletion
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very acid) soils with illuvial clay ang

, land with scarce vegetation) soils
ands

Pf’. under; zola, ash) soils with a strongly

histos, tissue) soils rich in fresh or partly
k lithos, stone) soils with hard rock at a very
'm'
notes give the derivatives of the Great Soil Group
 already listed under the suborders above:

dys, ill, infertile) soils with a very low pH
ex, good, fertile) soils with a higher pH from

______ m, soils accumulating lime (calcium carbonate)
(calcium sulphate)

S s sils
soils accumulating sodium
 Sulphur) soils containing sulphur, usually
s, brick) soils containing mottled clay
hﬁm irreversibly on exposure
m) soils with a simple, normal
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Ruopic (Greek rhodon, rose) soils with a red to deep red colour

Arpic (Latin albus, white) soils with a prominent bicached
eluvial horizon

Gurossic (Greek gfos.-;a: tongue) soils with tongues of eluvial
material penetrating to the B horizon

Hewrvic (Latin helvus, yellow to yellowish-red) soils with reddish-
yellow colours

Pracic (Greek plax, flat stone) soils with a thin iron pan.

The FAO/UNESCO system recognises many more Great Soil
Groups than do the classifications of either Stephens (1962) or
Stace, Hubble and others (1968); this is understandable, for
Australian soils contain only a small range of the world’s soil
spectrum. The presence of relict soils widens this range con-
siderably, but, even so, soils of cold-wet and cold-dry regions are
poorly represented in Australia.

By comparing the five soil classifications discussed in this
chapter, one can see that the view expressed in the quotation at
the head of this chapter is amply supported. The classifications
designed for the purpose of mapping soils (for example, the
FAO/UNESCO classification) and those which, although intended
for wider purposes, are used mainly for mapping soils (for
example, Northcote’s classification) concentrate on field soil
properties so that it is relatively easy to classify the soil to the level
required. More comprehensive classifications which are dcs_tg:aed
for, or have found, wider application (for em:g:lplc, Gu;_r Smith s‘)
rely heavily on laboratory measurements of soil properties, and it
is not so easy to fully classify a soil using these schemes. Notice,
however, that all the classifications discussed in this chapter stress
soil-forming processes, that is, the movement of constituents
through the soil, causing horizon differentiation. The next im-
portant feature of these classifications is soil m , Wh:ll:
the soil-forming factors receive little attention until the lower kvthis
of classification are reached (type, series and phase). In 3
respect, these classifications differ markedly from early soil genetic
classifications such as Dokuchaev’s. LA 3

To discuss all the soils in the five classifications dealt with in

: of this book which is an
_t!nsehagterwnu!d_bebemﬂﬂw ifications do, e .

Aot ; =
discussed in this book may refer to the works listed at the end of




v G SOIL
USED IN THIS BOOK

of this book will provide a simpler
than approaches thus far presented.

“W ch to soils, emphasising the
. m soil properties seen in the
em of classification will be found to be based on
" ing processes—the ones which are obvious in
_ mw in Chapter 2.
soil-forming processes are, in other words, those
what happens to the main products of the
of mi and organic matter in soils. The
jeral weathering most conspicuous in soil properties
cations (especially SOdqu‘! and potassil:nﬂr': the
cations ( i calcium), iron and aluminium
sil lys. The alkali cations may combine
cially chloride) in the soil to form salts, which
$ white particles within the soil but hinder plant
occur as cations on the soil colloids, they are
high pH values (above 8.5). The alkaline carth
other hand, tend more to combine with carbonate
roduce less alkaline conditions. Lime (calcium
sum (caleum sulphate) may also appear as
soil, but lime reacts to dilute hydrochloric
j to detect in the field. These salts do not raise
& the alkali cations do (the pH of lime is only
and alkaline earth cations togeth stitute the
. ! gether constitute the
o il Other cations, such as ammonium, which
‘;f‘:: are less important to soil morpho-
g alkali and alkaline earth cations. A
1 one lacking these cations and so has

together with manganese and titanium
¥, may combine with oxygen and water
e _Their presence is detected
OWish colours imparted by the hydrated

extent by black colours imparted by

2 soil horizon m;y be roughly
< G m. enoting much
el Changes in texture down the

o) content for various reasons such as
on of soil organic matter)
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peeds to be divided into two categories: humus which is high in
the mobile, fulvic acid component and is brownish rather than
black in colour; and humus which is high in the less mobile
highly coloured, humic acid component and is black in colour:
Soils high in the fulvic acid component usually have marked
flluviation of constituents, including humus itself, because fulvic
acid assists the movement of mineral constituents through the
profile. The soils high in humic acid are usually black coloured,
with maximum humus at the surface, and decreasing with depth.

All these weathering products may move freely through the soil,
around the soil’s immobile constituents, or soil skeleton, which
consists mainly of the sand and gravel fractions and to a certain
extent the s raction. The soil skeleton has far less influence on
soil properties than the mobile constituents, but if the latter are
lacking in certain horizons, the skeleton may be responsible for
the pale ir (quartz sand grains are white if uncoated by either
iron or us), sandy texture, apedal single grain structure (clay
is ' form peds) and low pH. Thus the properties of the
soil sl ¢ most important in E horizons from which mobile
constituents have been eluviated.

There are four things that can happen to the groducts of
mineral and organic decomposition in soils, dcpendn:!g on the
circumstances (the five factors of soil formation). First, these
weathering products may be completely removed from the soil
profile because leaching exceeds their rate of formation. Second,
they may accumulate throughout the soil profile because their rate
of formation exceeds removal by leaching. Third, they may be
illuviated from the 4 or E to the B horizons, and accumulate in
the B horizons. Fourth, the conve
rise from lower to upper horizcmsil Ao s e
this rise operates through the soil's cap !
tension ( scscChaptcr 3)ghWe have considered Uﬂ!)' Six PMI:S
of weathering (alkali cations, alkaline earth cations, iron
aluminium, silicate clays, humus high in ful
high in humic acid) and only four outcomes I
Theoretically, there are twenty-four possible
soil formation, starting with removal
ceeding to accumulation of salts
illuviation of alkali cations and umy
rise of alkali cations and salt accumulation in Upper
removal of alkaline earth cations, and so on.

the twenty-four combinations are likely to occur, |
simple soil-fomingpmwssutobecamﬁofdn
The most likely combinations are presented in Fig. 6.8.
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Humus high In
hmnl:-ﬂt.ﬁ

Rise to upper horizons

the process is unlikely or rare.

space denotes

X dencies the process is &8 common, well-recognised one: blank

gure 6.8: Simple soil-forming processes in relation to the mobile soil constituents which dominate soil properties
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Removal of silicate clays from the profile is not likely, since
they move in suspension rather than solution. Similarly, iron and
aluminium are not very soluble, and once deposited as sesqui-
oxides are quite insoluble, so they are unlikely to be completely
removed from the soil profile; unlike silicate clays, however, when
they do move, they are ions in solution and not particles in
sus':m-m;on and so can move freely upwards through the soil’s
capillari But upward clay movement is not common, because
f the larger size of colloids which must move in suspension
sared with ions which move in solution: clay particles tend to

' illaries when moving up and prevent further
Some surface hardpans possibly form in this

oil’s

acid is unlikely to be illuviated or to rise
f r it is immobile; but humus high in fulvic
.. is not so likely to accumulate throughout the
to be illuviated.  Since the source of fulvic acid
 litter, it is not likely to rise through the profile:
posited in the B horizoas, it is fairly insoluble.

seen, some of the weathering products are less soluble
and are therefore less prone to removal. Also, the

As can be

than ¢
constituents formed when the cations combine with anions the
soil. vary in their solubility—sesquioxides are most unlikely to

dissolve again, whereas sodium chioride is quite soluble. Because
1 binations of

of this variation in resistance to leaching, some com

soil-forming processes are less compatible than others; for
example, salt accumulation is not likely to operate with the illuvia-
because the former

tion or capillary rise of iron and aluminium, e
requires very weak, and the latter very intense, lﬂ;‘;h:‘gvuﬁ

= R ik to O e with illuviation um !
accumulation is not likely perat low pH values. This

iron because the latter requires rather low !
incompatibilty of certain of the simple soil-forming processes

makes the problem far less formidable.
that certain com-

From the above considerations, it is ap[.val'ﬁ‘;l:‘3 oy e
binations of the simple soil-forming processes more like
others to occur in soils, These well-recognised mmtmal:: of

to as foma:f processes, are

ot clay): laterisation (denoting accumulation of IORXCY

the ex%e-nse of all other constituents including humus, mﬁ‘:‘s:ﬂf
iron and aluminium to form i sesquioxides near -
surface); and solodisation (salt mmnuhhm(ouowagelzyo?me
the processes of podzolisation). The precise num these
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P 25 that should be included within each formg)
flers among pedologists.
sl of soil formation give rise to the grouping
into suborders. It is possible, also, to group the forma]
ses in order to reduce the number of suborders; for
e, laterisation may be included with ferralisation to form a
of soils dominated by sesquioxides, and calcification and
tion may be included with solodisation to form a group of
§ dominated by base accumulation in some or all horizons,
15 what has been done in the following chapters, with the
L of grouping the formal processes on the basis of the
simple process; for example, Chapter 7 refers to all soils
ed by sesquioxide accumulation, regardless of whether the
Xides accumulate throughout the profile or are concen-
in certain horizons; and Chapter 10 refers to all soils
lating silicate clays throughout the profile, though some
_lnummlatc bases, while the remainder are base-depleted.
pm!?nm:s are encgguntewd wlith transitional soils, and their
! certain piers could be queried, but the most
best dcvclope@_ soils with?n each grouping are
than the transitional soils. The following chapters
pedocals when accumulation of lime is less
processes. Azonal soils are not discussed,
have bemofm;l};ioﬁ in earlier chapters, but
purpose k is to demonstrate the
i formation, and azonal soils either lack these
. Pprocesses are minimally developed.
onﬂme of the soils to be further studied in the
chapters P indicates the main characteristics differentiating

7 Soils Dominated by Sesquioxides. These soils are

| characterised by base depletion, removal of humus

- because iti i g

! o agmposmnn exceeds its rate of accumu-

y lation, domination of the profile by sesquioxidic
— clays, as distinct from silicate clays.

X . Soils. These have marked file dif-

. profile dif

and are characterised by base depletion,

B, of constitu is im-
tho excess of organic matter, | -
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) Scils Dominated by Silicate Clays. These soils
accumulate silicate clay throughout the profile
so that illuviation of constituents is impeded;
commonly, these soils are associated with heavy
textured parent materials such as loess, basalt or
limestone.

Chapter 1

Chapter 11 Soils Dominated by Accumulations of Bases. In
soils the alkali and alkaline earth cations
ne with anions to form salts somewhere within

the profile.

Chapter 12 -t Soils in Australia. The morphology of these
' is not entirely related to the soil-forming
s operating in them at present: the soil-
processes have changed over time in
e to changing environmental conditions.

1e Great Soil Groups discussed in each of the
es them to the other soil classifications
1 Not every soil in every classification
hapter is discussed in the chapters which
s will be noted especially of the Great Soil Groups in
Approximation and the FAO/UNESCO system,
ing given to soils well represented in Australia. The
for the Great Soil Groups in the following chapters
y the traditional names. They are not necessarily
in the same sense as in Stace, Hubble and others' Handbook of
Australian Soils (1968), as the writer does not always agree with
their use of Great Soil Groups, especially when it departs radically
from traditional, overseas use. Stephens’ (1962) use of the Great
Soil Groups is more in keeping with the aims Of_ this book, as
Stephens, with his wide knowledge of overseas soil m'Ol'Pho.[o‘gy’
uses the terms more traditionally and so relates Australian soils to
the world soil spectrum. A
Many maps show soil distribution in Australia. For the dlstl:;
bution of Great Soil Groups, students are referred o m;éll!l;!ﬁand
the back of Stephens' Soil Landscapes of Ausiralia (1961), 20
Stace, Hubble and others’ Handbook of Australian S?‘B {}as )i
but much more detail is provided by Northcotes A :s’
Australian Soils (1962-1968). Most physical gwgrﬂPh.‘fhms:b‘”,
(for example Strahler’s various texts suc!_1 as The Eart = 1Ences
or Introduction to Physical Geography) include 2;:& Great
Soil Groups of the World with which the larger ustralian
maps of soil distribution can be compared.

follow. T
the Sev
emphasis




MName used by | Name ueg poe——e
Y S
Stephens, 1962 | Hubble and mh'""‘::'ﬂ
_—-_-_‘_'_‘—-—--.__-
krasnozem | krasnozem ang
] | ®uchrozem
| red earth. red earth | red earth
yellow earth yellow earth | yellow earth
| odzal podzol podzol — ——
m-mr podzol gmund-water podzol | humus pedzal
i i rown podzolic brown podzof
mm: } ~
red podzolic red podzolic | red podzolic
yellow podzolic yellow podzolic | yellow podzolic
grey-brown podzolic grey-brown_ podzolic ! grey-brown podzolic
_équzoh: gley podzolic | gleyed podzolic
2lpine humus soil alpine humus soil alpine humus soll
‘acid moor moor peat acid peat
humic soil acid swamp soil | humic gley soil
fen fen soil neutral to alkaline
peat
moor peat moor podrol peat | peaty podzal
; =oil :
soil chocolate soil chocolate soil

prairie soil
black earth

wiesenboden
| | grey and brown soil

! prairie soil
|
|

black earth*

| and chernozem
wiesenboden
grey, brown and red

of heavy texture clay
terra rossa terra rossa
rendzina rendzina
red | grey-brown and red grey-brown and red
solll calcarecus desert soii| calcareous soil
red-brown earth red-brown earth
brown earth non-calcic brown
o soil
d Brown soil | solonised brown sil | solonised brown soil
| solonchak solonchak
3t solonetz
dsolonecz | solodised solonetz | solodised solonetz
and solodic
scloth soloth
desert loam desert loam
desert sandhill siliceous sand

calcareous red earth
lateritic podzolic

Classi
Classification used by Northcote, 1965 | oy Smm;;.“ fll;w uved I
Approximation, § v’wm Co
oxisol Terraisal
Gni.11, Gn3.14 rhodustalf rhedic luvisol
Gn4.11, Gn4.31, Gn4.34 palexerult rhodic scrisol
Gn2.11, 12, Gn2.14, Gn2.15
Gn2.21, Gn2.22, Gn2.24, Gn2.32 arthox S v
Gn2.34, Gnl81, Gn1.62, Gn2.64, Gn2.74, Gn2.4
Ucl.2, Uc2.3 orthod podzol
Uz_f:_i. Uc4.3 humed humic podzol
Dy2.62, Dy3.61, Dy4.41 hapludoll phaeozem
y dystrochrepe cambisal
Dr2.21 hapludule helvic acrisol
2.21, Dy2.22, Dy3.21, Dy3.22 haplustult
. haploxerult
hapludalf brunic luvisol
aguod _glcyic podzol
histosol histosol
Uc4.3 humod humic podzol
|
haplustoll halpic castanozem
22, Uf6.32 _
pelloxerert f;"lc vertisol
haploboroll ernozem
pellustert pellic vertisol
chromoxerert chromic vertisol
torrert
rhodoxeralf chromic luvisal
rendoll rend:jml
Um5.11, Um5.61, Umé.22 orthent rhegose
DB1.13, Db1.33, Dr2.13, DriD3, Dri.32, Dr2.33 | rhodoxeralf ;hro::'f""“i;:ﬂ
Db1.22, Dr2.12, Dr2.22 hapludalf run
i rmosol
Get.1, Gel.2, Ge2d, Ge2.2, Gnl.13 celdactig N 8
Uf1.4, Uf6.5, Uf6.6, Um1.1, Um1.2 mlori_ :°‘°"'°'| o
Dd1.43, Dy2.43, Dy3.43 ionzeye ochric and humic
various Db, Dd, Dr and Dy solonets
ialboll solod
Dr2.41, Dy2.41, Dy3.41, Dy5.41, Dy5.81 arg . Seiahsol
Dr1.12. Dr1.13. Dr1.32, Dr1.33, Dr1.42, Dr1. 43 :y;i:na:ndm:mt A
Uel.21, Uel.22, Ucl.23, Uc5.1 2“’]"‘ ar-ldpmiwlﬂ werasol
orthox, torrox, | rhodic ferralsol
ustox
Gn2.13 2
Dy3.61, Dy3.62, Dy3.81 hapluscall i
Um5.3

taken from the map ac the back of Srace, Hubble and others.

‘Handbook of Auscesiian Soils, 1968,  Blank spaces

Mmamedlnﬂlishoohuﬂm_sdlm
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EREN 8 AND FURTHER READING
D jons of Soil Units for the Soil Map of the World

" R m:g).

\ Fact for the Recognition of Australi ;

pie of Soils Report No, 2/65, 1965, A S Chapter Seven

{ed.), Atlas of Australian Soils, C.S.LR.O. Division of

: u-rm.oom 1962-1968.
Y R — C h fi v, f : i 1 H
mmm RERS Compeshansivg . Syviem, Sexl Soils Dominated by Sesquioxides

ﬁ;‘ ‘Hubble, G. D., and others, A Handbook of Australian

, South Australia, 1968).
CONTENTS

'# Australian Soils (3rd edition, Melbourne
m “T Landscapes of Australi - J Lateritic Soils
. 18, 1961. R, - CALROy Kraznozems and Related Soils

Tue SoiL SUBORDER DOMINATED BY SESQUIOXIDES 1S
characterised by severe leaching in which bases, humus, and some
of the silica are removed from the profile, leaving a highly
weathered clayey soil dominated by the hydrated oxides of iron
and aluminium, with lesser amounts of the hydrated oxides of
manganese and titanium. These four hydrated oxides constitute
the sesquioxides. The hydrated iron oxides, being reddish or
yellowish in colour, usually dominate soil morphology. Black

patches within the soil profile are often attributable to hydm:ed. -
manganese and titanium oxides. As the hydrated aluminium
oxides are not coloured, their presence may be ascertained only by

chemical analysis.
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‘Such profiles are referred to as lateritic soi); e ]

s use the term larosol (Strahler, 1961) for 4 I ‘g*": | ;22 i ':';-.E. | § |
weathered reddish soils, whether or not marked £8 | 283 I- g l 55 |
lopment is present. Since true lateritic profiles are | 3 | 33z | 23 \ e 8
ped in the United States, the term latosol is used 2 | § s i% e | E. 5| £ :
for krasnozems. ¢ |8 e Bl Al
i s between the undifferentiated krasnozems § 3 éié'% S5%| <3 | =
d lateritic profiles are known, so, in : & =535 | Tg,§5| 3% | 2
_ of the Great Soil Group presented in 2a b2 B ra o buda -
it 6, krasnozems and lateritic soils represent fully dey eloped £ Z 2 o= £a% _‘::i -
ers of a continuum containing less well-developed soils. 2 E & = 95 ias2| 2= | =
fion o gradations with each other, lateritic soils and Blesil 5t ol 8 | %< B
s form gradations with other Great Soil Groups as the : . H £ : | B¢ &
ent changes. Polygenesis introduces further complica- 5 | & f £ | 4 2 b it 2
itic soils frequently serve as the parent material for g2 s |73 e "
‘which form under less intense weathering conditions. B 2 1% z A 3
ns of Great Soil Groups are poss?bic in poly- ¥ E £ - = © . | 4 e
Eefitic soils, depending on the nature of the later environ- 5 : 3 £ | 3 Z 3 ] v,
example, if it is dry, lime will accumulate in the v - & i g : &
to form a caleareous lateritic soil; if it is wet, H @ & | a £
' soil may be podzolised and the new Great Soil - : 5 2 2
z&ﬁﬂ lateritic soil. Polygenetic lateritic soils = e o H E 3 - 3 S
_ 12. The two Great Soil Groups outlined ) P 2 & 2
'd'ﬂ krasnozems, are not the only members of i g "g
; but they are the most common, fully developed e 1 £ e i3 E
- % R T e =
y |3 |43 | il B | |3
LATERITIC SOILS S| §~p2R E;%E'E’ . 5
! the Latin Later, lateris a brick) was , 3 i e 3
gush explorer, Francis Buchanan (later & =% =
€y through Mysore, Canara and Malabar in | 1 5| s T 3 | § z| =
d the name for material at Angadipuram, z s | 5| % _E'; 53 5| 2
s (1961) whg profile description is 3 | §131 6 Jik ikl
 indicates whole sequence of B | = § | & &~ @ | [
mm,dids:gtusclhe : , | ::: _‘;: P
€ of horizons, but gave it only 5 | 3 b 3 3 +| §
i on ure 5 5 £ & = 2 HES
material H 3 é! w . ba § [ |2
horizons shown in Fig. 7.1 2 = —
immense masses, 5
and pores, . . . containing a & | & } = gg Sgg ‘g o
and yellow ochres. i !, i 5 ¢§‘ iig g 3
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I i izon. > whole sequence
B o ne s e profie. ot indurated horizons, on rocks containing appreciable. manganese,
4 . . may contain large percentages of manganese oxide (this is used as
al ‘It can be seen from Fig. 71 _thar th:? laterite profile is very the ore manganite). Laterite represents a thorough concentration
deeply weathered. This pi:oﬁle is certainly not the deepest on of the residual elements of the parent material after the more
M for in the Australian Desert, certain deeply weathered soluble constituents have been removed. This concentration, which
with some horizons similar to those at Angadi is more thorough than in the other horizons of the profile, is
more than 200 feet deep. The great depth of shown in Fig. 7.2 which gives the chemical composition of laterite,
ing is caused by the high rainfall and hot temperatures bauxite and the parent dolerite from profiles in British Guiana,
instigate very thorough and deep decay of the parent analysed by J. B, Harrison (1933).
‘material. The soluble constituents are leached from the profile i
‘and the less soluble iron and aluminium oxides accumulate, The I
_I_' intensity of chemical weathering causes almost complete | Laterite | Bauxite Parent Dolerite
‘destruction of organic matter, although lateritic soils are f cquently - 1
found under tropical rainforest where there is an appreciable leaf $i0, and quartz 0.76% 9.60% 5200%
, ‘litter. So brown and black colours do not feature in the profile AlLC | 10.54 | 59.00 17.27
o and humic acids do not greatly lower the pH of the soil during FesO, and FeO 207 11.16
k- “weathering (cf. the podzolised soils). Thus, although lateritic ' 28.06 0.35
L ing is very intense, the soil is not very acid, the pH of the Tio; 3.91 0.70 0.53

s lhﬂm commonly ranging from 5 to 7. Under these conditions, MO il nil 0.05
TN ‘silica is soluble and may be leached from the profile as silicic acid. MaD , il 695

L The horizons shown in Fig. 7.1 are quite distinct. The profile i C20 Ly gt &0

0.07 o.18
0.05 281
0.38 : 0.01
100.13 100.13

a sim composite of descriptions by both Stephens (1961)
#Fox (1936) in South India, near Angadipuram; for such
Fise to develop, the water table needs to fluctuate regularly
'ﬁ»-m wet and dry seasons. This is not always the case,
H the occurrence of lateritic soils on pre-weathered parent : 3 .
; ¢ further complicates the profile. The profile in Fig. 7.1 Figure 7.2: Chemical composition of laterite, bauxite and paren
therefore more simple than one would expect to find in nature. dolerite from British Guiana (J. B. Harrison, 1933).
» it demonstrates the effect of the fluctuatine water table i . :
- penesi 3 : T L In Fig. 7.2, silica, the bases (magnesium, calcium, potassiim
> genesis of the various horizons, At LS R : mangganﬁe have been lost from

' : Phe o s : : and sodium), and, surprisingly, +
E ih;?%f ﬁﬁﬁfﬂo&n amb:::h m'{m"}: “m:r;u:':i: the parent dolerite, a{rd the ‘latcrile and bau;l{le haﬁ E’:‘Posed
as its texture is lighter than the h iz nsbfm:alh mainly of aluminium, iron aaEs and hoforis T:l:nium oxide has
i still red in colour, some of its sesquioxides have is the watcr of hydration of the ssquioxic® LR e e
been eluviated to the indurated o e 3. accumulated in the laterite but not in the :
ol rizon or laterite. laterites and bauxites analysed by Harrison (1933) manganese

the eluvial horizon s slightly darkened to reddish- failed to accumulate, perhaps because the parent rocks were

?t!:w inches by organic matter which is soon : : is slightly higher in the
i g A herently 3 anese. Phosphorus is slightly lgh
and is wnable to be illuviated to lower horizons. ;EI:'{?‘: “L;L(';"gafnﬁaﬂf;ﬁ’ in the pafent dolerite, possibly because

gravel is quite common in the eluvial horizon as some . i
. i i f some 0O hosphorus by the excess
are sporadically deposited above the laterite. there has been fixation of some organic p

iron and aluminium. & Saio cves M
Since the laterite is iy Shiovs-the mee:. SHEE,

. r the wet season, it is thought that ﬁﬁcﬁc enrichment is partly

precominates over irom, the indurated the result of ion migration throu capillary pores, from

d bauxite rather than laterite. Some the lower, saturated clayey horizons of the profile. Since the
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mk usually not well-developed, illuviation contributeg
the enrichment than upward capillary migration. In the

jon, iron and aluminium jons, rising to the surface as the
| dries out, are oxidised to form the sesquioxides which gre
: er insoluble. As this process can continue indefinitely, it is
‘surprising that such a thorough concentration of sesquioxides

¢ mottled horizon is the zone of the fluctuating water table:

dry season, it is below the mottled horizon, in the wet season
at the top of the mottled horizon. Thus in the dry season the
horizon takes on some of the properties of the laterite
‘and is enriched in reddish and yellowish iron oxides and
‘other sesquioxides. In the wet season, the properties of the
‘horizon beneath develop: with reducing conditions pre-
‘drab grey and white colours develop.

 The pallid horizon is often kaolinised bedrock, with little soil
' sation apparent. Iron and aluminium have migrated
from the pallid horizon, which is below the water table
in the dry season. Where wells have been sunk through the
lid horizon, they may lower the water table to within this
on, but this is not a natural condition. Some blue and green

. m’ @dﬂp in the pallid horizon from the reduced iron

e umottied horizon is higher in sesquioxides than the pallid
'!ilinh is usually quite high in silica, some of which forms
olinite, bleaching the parent rock. Kaolinite is one of the
‘Weathered aluminosilicate clay minerals (see Chapter
pallid horizon can form from the weathering in ,Tf{ﬂ
hary aluminosilicates, particularly the feldspars. In
horizons, mﬂﬂ of quartz-lik); minerals ’:}a;:cur in
material, which some pedologists refer to as ‘grey
illuviated from the upper horizons of the
 silica is more a feature of lateritic profiles
as granite, than silica-deficient rocks such
arrison (1933) notes much more silica in
of the profiles he analysed. Fig. 7.3 indicates
of laterite and mottled and pallid
sh Guiana. Note the enrichment in
, coming mainly from the clay mineral
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F- | " Mottled Pallid | 2
| laterite | porizon ‘ Sobsoil | Delerite
Guartz 11.64 12.28 l 47.4) 1.60
$i04 | 4.46 21.89 i 330 49.69
A120s 2681 | 2494 | 2633 15.20
Fes0; and FeO 665 | 49 | 1047 1428
H.O 1886 | 1129 ‘ 11.28 030
TIOs 1.13 038 0.67 1.00
MgO, €20, K;0, NayO 0.20 075 | 079 I 17.90
P20 o | uaTs " 0.01
Total 99.75 9998 | 100.95 | §9.88

|
Figure 7.3 mical composition of laterite, motiled and pallid

»n and parent dolerite, in British Guiana {J. B.
i on, 1933).
processes are those that cause the net loss of silica from the profile
and the upward migration of large quantities of iron and
aluminium ions to be oxidised into sesquioxides in the laterite.
Although some of the silica may be translocated to the lower
horizons of the lateritic profile, a great deal of it is completely
leached. This silica is removed from the profile by the waters
percolating through the soil in the wet season. Some of the silica
may be detected by analysing seepage water in tunnels cut through
lateritic profiles. The silica eventually finds its way to the Oceatcl;s
where it is deposited. Harrison (1933) analysed l:atljlnla?:'tic;
seepage water, river water and sea walter Med wi si?ica
soils. He found that seepage water contained much rpo:: e
than rain water, that river water in laterised areas contained m
more silica than river water elsewhere, and that sea water neat
the mouth of rivers issuing Erom laterised areas contained more
silica than sea water eight miles offshore. A

The conditions under which silica is leached and dﬁxg
not fully understood. No;ft:;ﬂey :; ﬂ!t;t}l?g‘sﬂf the
important, but the nature other ca i
Stmpgg influence on the mobility of silica. A lot ﬁ“i‘g
leached from lateritic profiles remains on the land to silicify e
within the laterised area, so that laterisation and %ﬂ;ﬂm
frequently associated. In inlmj";iiamp_.ﬂt:aluit. the deep

id horizons remaining as so capped, >
E:ubanxim. bu:bysﬂcrde.nhardm@tulalnm_ﬁmm
whose origin has niot yet been fully explained. More
this silerete in Chapter 12 which
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Figure 7.4: The process of laterisation.

SOILS DOMINATED BY SESQUIOXIDES 169

Processes which form an integral part of, but are not unique to,
laterisation are: base depletion, the thorough decomposition of
humus, the high degree of decomposition of the parent material
leaving a clayey soil lacking primary minerals, and the minimal
illuviation of clay and sesquioxides. Base depletion is a feature of
all soils found in areas where precipitation exceeds evaporation.
Its morphological effects lic in the acid pH and lack of sufficient
bases for prolonged cultivation. Shifting cultivation is necessi-
tated in areas of lateritic soils, partly because of the low humus
content, i partly because of this lack of mineral bases, Low
fertility is also associated with the poor physical constitution of

the soil (the rite itself is rock-like in its hardness), and the
fixation ¢ >ral and organic phosphorus by the excess free iron
and alun

All the horizons of lateritic soils tend to be high in secondary
minerals : to lack primary minerals, as, under such intense
weathe even quartz, one of the minerals most resistant to
chemical weathering, is attacked. Under such intense weathering
the more vulnerable minerals rapidly disappear, and from this
disintegration comes the formation of the more stable clay
minerals (usually from the kaolin group) and the sesquioxides,
which lack silica. The processes of laterisation are shown
diagrammatically in Fig. 7.4.

FACTORS AFFECTING LATERISATION

Lateritic soils are the most intensively weathered of all 99115-
Special environmental conditions are needed for laterisation,
though the process is perhaps not as restricted as was previously
believed. ,

The climate necessary for laterisation is one with very high
temperatures throughout the year (usually the average m"!’ﬂ’ly
temperature exceeds 75°F in every month of the ’year). with a
high average annual rainfall (usvally more :han 60’_}, and wnh a
dry season to initiate upward migration of ions in evaporating
soil water. The dry season need only be quite short, although m
dry seasons as in savanna and monsoon climates are .
conducive to laterisation, provided the rainfall in the shorter the
season is high enough. The high temperatures R
necessary energy for laterisation, and the high rainfall P‘“‘mﬂ“
the n moisture for deep
climati ?:mm in which laterisation ,-.mmem.“’i"
are equatorial (Koppen's Af climate), savanna (-Kﬂppﬂlsmg
climate) and monsoon (Koppen's Am climate), but not all
within these climatic regions are laterised: krasnozems are more
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¢ soils are found within several tropical climatic
pport & wide varicty of vegerations. Where the
ry short, tropical rainforest is associated with
jer intense weathering, the abundant leaf litter,
e of plant nutrients, quickly decomposes and thus
] s essential for the trees, which adsorb some
ed cations and anions before they are completely
c the soil profile. Removal of this rainforest to allow
ng swiftly eliminates the leaf litter, and soil productivity
. Removal of the rainforest also hastens the drying

by evaporation and so accelerates the develop-
esirable physical features. Clearing of lateritic soils
erosion of the meagre eluvial horizon, exposing
the surface and facilitating the hardening process.
climates, semi-deciduous monsoon woodland is
the lateritic soils; and in savanna climates, savanna
thus associated. Drier savanna arcas supporting
nd contain relict, rather than actively forming

‘activity is another important aspect of the biotic
f lateritic soils. Termites are considered by 1. B.
) to be especially significant in maintaining
> the water table and therefore facilitating move-
through the soil. Under the hot, wet conditions of
microbial and microfaunal activities are extremely

one of the few soil-forming processes which can
nt material, from the most siliceous to the
the nature of the parent material influences
laterite profile, the rate of accumulation of
the chemical character of the laterite.
- laterisation, siliceous rocks such as
less enriched laterite, and deeperl,
i i with basic rocks

- coannt
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materials, Enrichment of the laterite, and differentiation into
horizons, are commonly very thorough on pre-weathered parent
materials.

A great deal has been written on the relief factor in laterisation.
Lateritic soils have frequently been associated with old erosion
surfaces close to base level, called by the now rather obsolete
term peneplain (e.g., Prescott and Pendleton, 1952; Whitehouse,
1941; and Woolnough, 1918). Relict lateritic soils, especially in
Australia, have been associated with Tertiary peneplain surfaces
which have since been uplifted and dissected. Different levels of
laterite have generally been attributed either to differential uplift,
or to more than one episode of laterisation separated by erosion.
The association of laterite with peneplains is not wholly applicable
lateritic soils, which are found at several levels.
However, ogists (e.g., Stephens, 1961) claim that
these tropical laterites differ in age, and relate the highest level
laterite to an old dissected peneplain surface. Since the presence
of the water table within the solum is essential to the formation of
laterite, peneplain conditions are undoubtedly suited to the
laterisation process, where the climate also is suitable; but hot,
wet situations on slopes may also provide suitable conditions, if
the water table is within the solum. Thus active lateritic soils are
not restricted to surfaces mear base level, although such surfaces
may be laterised. In Western Australia, it has been shown that
relict laterite has formed on slopes up to 10°: these slopes are
associated with the Darling Scarp which, being Jurassic in age,
presumably pre-dates the Tertiary laterisation which formed these
soils (Playford, 1954). Although Late Tertiary and post-Tertiary
uplift may vertically scparate some laterite profiles, others appear
to have formed on surfaces that were initially quite steeply sloping,
and laterite at different levels can no longer be taken as evidence
of uplift, implying two episodes of laterisation. Cettainly pont-
plain surfaces provide optimum relief conditions for laterisation,
but active or relict lateritic soils are by no means restricted to such

i s required for the
Not a great deal is known about the time ! i
development of distinct lateritic horizons. sg:o; mmm

areas have not been disturbed by glaciations, possible 1

some lateritic soils, like the tropical rainfc ﬂw@&
of

to active trof

oouldbedwrwﬂtolmany&umndsﬂf TS il
However, this does not imply that active lateritic soils have been
e S e T
as there is ample evidence for cli change within, as well as
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tropics. Some lateritic soils within the tropics owe
ical characteristics to weathering under
conditions, although they are still under.

3 .
ion today. Kaye (1951) regards some of the
5 of Puerto Rico more as palacosols, although
 is still active there.
‘the tropics, relict lateritic soils form many different
‘and it is here that the time factor has its greatest

ASNOZEMS AND RELATED SOILS

 ‘krasnozem’ is derived from the Russian ‘krasnaya
ng ‘red earth’. However, some pedologists distin-
. ‘krasnozems® which are clayey textured and ‘red
h are sandy, both soils being red throughout. Both
from free drainage which promotes the formation of
d iron oxides. Krasnozems are generally more im-
nan red earths, especially within the tropics. Krasnozems

iWo sets of environmental conditions. First, they oceur
the hot, wet tropics on a wide variety of parent
id, outside the tropics they occur intrazonally on
nials high in iron and readily weathered minerals.
 formed in the latter conditions are usually shallower
‘higher pH than those developed in the former ones.
21 itures are much lower, intrazonal krasnozems

‘high rainfall, perhaps more than 50" per annum,
er red soils develop, and in even drier situations,

! present serious problems.
as are not the only inter-tropical soils.
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mus in the upper few inches. No humus is evident ip an
O horizons are present and humus js not
WA&“ in the lateritic soils, humus decomposition is fairly
. t roots may penetrate quite deeply into the
Since the A horizon is clay loam and the B horizon js
p clay, there is some clay illuviation, but as the B horizon
deep and uniformly textured, a great deal of the clay would
bly arise from weathering in situ. The high iron content,
g texture, and domination of the clay by hydrogen result
n @ well-developed structure which further assists free internal
drainase. Krasnozems are among the best-structured soils in the
Like many krasnozems, the one shown in Fig. 7.5 is self-
the friable 4 horizon forming a natural granular
ing, reducing evaporation losses from the profile,

1In spite of the climatic high-leaching potential, the profile may
‘only slightly acid, because of the lack of humic acids (cf.
ed soils) and the high base content of the parent material,
| some Krasnozems within the tropics do have pH values as
as 4.5, No free salts accumulate, and, except for the upper
where plants return cations to the surface, the clay is
i-dominated, indicating that most of the bases have been
from the profile.
‘clay minerals in krasnozems are usually well-weathered:
group and hydrous oxides usually dominate. Not all
‘are as heavy textured as the one shown in Fig. 7.5
. some on the more resistant rocks contain appreciable
sand, which, because of the high weathering intensity,
of resistant minerals such as quartz and iron oxides.
grade into red earths in their properties. Krasnozems
teadily weathered primary minerals, such as olivine,
e enrichment is not as intense in krasnozems as
desilication is not such an important process in
on, and in some krasnozems it probably does
‘and Tucker (1956) found from 10% to 20%
ms from Lismore, New South Wales.
this is not high, but in terms of other
The sesquioxides accumulate throughout
illuviated (cf. podzolised soils) nor
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Figure 7.6: The processes of ferralisation,
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 AFFECTING FERRALISATION
ems are found in freely drained tropical areas which
both even rainfall distribution and distinct dry seasons
v's Af, Aw and Am climates). A dry season and the
of the water table within the zone of weathering are not
to the formation of krasnozems, as they are in the case of
soils. Like lateritic soils, krasnozems are associated with
| rainforest, monsoon woodland and savanna woodland,
Wﬁﬂy used for shifting cultivation, presenting similar
ms once they are cleared. Their ability to fixate phosphorus
as high as that of lateritic soils. Cropped krasnozems
y accumulate total phosphorus, for much of the added
phosph i5 soon fixated. Their structure does not
2 as & result of cropping, as lateritic soil structure does,
the high rainfalls make them susceptible to erosion.
krasnozems are also found in areas too dry for lateritic

ical krasnozems (such as the one shown in Fig. 7.5),
ation, were frequently associated with rainforest.
texture, higher pH, and better structure, make them
than neighbouring highly leached podzolised
3s rocks such as sandstone. Although the krasno-
il New South Wales present phosphorus fixating
are generally preferred for cultivation to the acid
They respond quite well to grazing as grasses
S 0 the surface in large quantities. They are the
e sugar coast of Australia, especially when their
ihmlt To maintain yields, nitrogenous fe:tilizgr
‘with superphosphate. Parent material greatly

ﬂw of krasnozems and related soils.

» even within the tropics, tend to form
g  krasnozems. Red ecarths are sandy textured
ind, like most krasnozems, do not have strong clay
-Mmmwﬂwmmﬂyém&
m on siliceous parent materials containing
oxides, Their colour is more often the
of soil formation under im
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sdzolisation, form krasnozems. The chocolate shales of the
Narrabeen Series, near Sydney, form stony chocolate earths which
tend to be shallower than krasnozems, as well as differing in their
colour and gravel content. Their uniform profile, weakly acid pH,
and association with rainforest make them more akin to krasno-
zems than to podzolic soils. Ferralisation rather than podzolisation
dominates on chocolate shales.

Krasnozems and lateritic soils are often in catenary association,
both as active and relict soils. As active tropical soils, krasnozems
frequently occupy the well-drained slopes, and lateritic soils form
in the depressions where the water table invades the profile.
As relict soils, very often the reverse occurs—eroded lateritic soils
occupy dissected residuals of the old uplifted erosion surfaces,
and krasnozems form downslope on the iron-rich colluvium.
Lateritic colluvium is particularly prone to krasnozem formation,
and many krasnozems owe their high iron content and great depth
partly to pre-weathering. Krasnozems and lateritic soils are often
intimately associated in relationships not quite as simple as the
last two. Krasnozems often contain a laterite horizon without the
development of cither mottled or pallid horizons. It is often
difficult to ascertain whether the laterite formed before, during,
or after the krasnozem. Many relict lateritic soils are overlain by
deeply weathered krasnozems above the laterite. Such krasnozems
could have weathered from the old lateritic profile, or formed on
an overlying deposit emplaced after laterisation.

n similar areas, slight environmental

Because they are found i -
changes can transform lateritic soils into krasnozems, and ":;:

versa. Laterisation and ferralisation are similar
former perhaps being a more extreme version of the latter.

Like lateritic soils. krasnozems are relict soils both within and
outside the tropics. Relict krasnozems and red earths are ";‘m’m"
in Australia (Chapter 12) but these soils are ac'twel};l onmt:eg
under the present climate on many t materials along
northern and northeastern coast, and further south on basic pareat

materials.
e s ot t
Laterisation and ferralisation represen the most intense

single soil-forming processes Op« . more
weathering environment. Chemical weathering proceeds mc

: Lateritic soils
hysical m‘Pﬂm’ -
§ h-ns::nms !nn:y striking contrasts to the
podzolised soils discussed in the next chapter.
- - 1
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Chapter Eight
Podzolised Soils

CONTENTS
Podzols
Brown Podzolics
Red and Yellow Podzolics
Grey-Brown Podrolics

THE WORD ‘PODZOL’ 1S DERIVED FROM RUSSIAN WORDS MEANING
‘ashes underneath” and was first used to describe soils with an
ashen grey horizon immediately beneath the organic topsoil. This
horizon, which is named the E horizon in the FAO/UNESCO
system, is called the bleicherde. The name podzol was subse-
quently extended to include soils that were without bleicherde but
similar in other properties to soils containing bleicherde. So
although many podzolised soils do contain bleicherde, it is not an
essential feature of all podzolised soils. The essential properties
of podzolised soils are severe base depletion throughout the profile
resulting in hydrogen-dominated clays, low pH, and marked
horizon differentiation caused by illuviation. Although many
podzolised soils contain a surface accumulation of acid organic
matter (O horizons) soils without this may still be referred to as
podzolic, especially in Australia. ¢
Podzolisation is the name of the formal process which gives
rise to podzolised soils. It is made up of several processes, many
of which operate together. These are listed below; the
first one, and at least one other, are necessary before a soil can be
referred to as podzolised or podzolic:
1. Leaching of bases from the entire profile ) ¢
2. Accumulation of a surface mat (O horizons) of acid organic
matter

Eluviation of iron and humus from the bleicherde (E horizon)

. Tluviation of humus _
. Tlluviation of iron, often accompanied by illuviation of
aluminium

' e classified on the basis of these six
The podzolised soils may be on th '
processes. mmmm?bmmwwn&hm

pow
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Figure 8.1: The podzolised soils classifled according to dominating processes.
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all six of the processes operate, though silicate clay illuviation is
usually minimal. Soils in which the first process and only some of
the remaining five processes operate are referred to as podzolics
rather than podzols.

Podzols and podzolic soils are zonal soils and are associated
with the forests of moist, temperate areas. They may also occur
intrazonally, especially on very siliceous rocks. Intrazonal, hydro-
morphic podzols and podzolics form under impeded dramage
which causes marked gleying. Many variations are possible in
lised soils, depending on the number of podzolisation
ting, and the position of the gleyed horizons in
podzolised horizons. A further 'compiication o
gy arises from polygenesis, whereby podzolised
ist through different environments, especially
- Among the most common polygenetic podzo-
solodics, which have persisted since a previous,
These soils will be discussed in Chapter 12
ifies the main types of podzolised soils
1e six processes of podzolisation, but excludes
podzolised soils and solodics.
tions in the processes and the morphology of the

soils listed in Fig. 8.1 may be accountied for by the
s of soil formation. The different types of podzolised
ently grade into each other, and one type may develop
into er as maturity is approached; for example, a grey-brown
poedzol y change into a podzol. The names used in Fig. 8.1
are those of Great Soil Groups and represent mature soils. Other
soils, such as grey wooded soils or brown forest soils, with less
well-developed plwdzol characteristics, could also have been
included, but were omitted for greater simplicity, as it is not
intended in this book to discuss every recognised Great Soil
Group. The podzolised soils selected in Fig. 8.1 cover the range
of processes and morphologies within this soil suborder, though
not every soil in the Great Soil Group within the suborder is
included. Each of the soils listed in Fig. 8.1 is discussed sepa-
rately in the following pages. The profile descriptions presented
in Figs. 8.2, 8.4, 8.6, 8.7 and 8.9 are of American and Australian
podzolised soils, and though they may be considered typical of
their Great Soil Groups, there is considerable variation in
morphology within each Great Soil Group, and gradation between
Great Soil Groups.

soils f

PODZOLS

Podzols develop under the optimum conditions for podzo-
lisation, where clima te is sufficiently mdmptevmtheﬂnmgh
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decomposition of the leaf litter (cf. latenitic soils and krasnozems
discussed in Chapter 7), and yet sufficient humification occurs to
produce a highly acid humus layer from which large quantities of
fulvic acid are released. Fulvic acid is very mobile and assists in
the movement of iron and aluminium through the soil profile,
resulting in marked horizon differentiation, as seen from Fig. 8.2,
in which colour and structure, especially, change abruptly down
the profile.

This illuviation of humus and iron often results in cementation
of the upper B horizon. The term oristein is used for a thin
(usually less than 3 inches) firmly cemented horizon (Bcen),
and orterde for a thicker (usually 3 to 10 inches) less firmly
cemented horizon (Bfe, h). Both ortsiein and orterde contain
iron nodules or concretions formed by the oxidation and hydration
of the iron as it is deposited with the humus, but these are more
profilic i ristein. A silicate clay cemented horizon (Bt) which
forms sharp boundaries with neighbouring horizons is termed
; The terms ortstein and orterde are usually restricted to
ed soils, but hardpan is widely used in relation to other
soils as well.

podz

In podzols along the castern Australian Coast, the top B
horizon is frequently very firmly cemented, requiring a hammer for
breakage; it is called coffee rock (a Bfe, h horizon) because of its
rich dark brown colour (from the combined deposition of hm}ll.iS
and iron). The soil profile described in Fig. 2.2 (Chapter 2) is &
podzol containing coffee rock as the Bfe, h horizon. This horizon
is sharply bounded with the horizons above and below, but the
boundaries are very irregular, especially the lower one, which
extends deeply along root channels into the Bfe horizon which
contains illuvial iron but lacks humus.

The from New England, US.A,, in Fig. 82 eomams a
Bfe, h horizon of orterde which also extn;_ds gr;gululy.nm the
B2fe horizon, which, unlike the podzol in Fig. 2.2, contains some
illuvial humus as well as iron. In the Bfe, /i horizons of both these
soils, iron has separated out as nodules. N c
of the Bje horizons of these two podzols: this colour IS caused by
the hydration of the iron oxides, as the lower horizons remamn
wetter for longer periods.

Tcxmmchangesarenotmarkedinmhﬁr’ ¢ oithctwopo‘ﬁﬂ&dl =
but mechanical analysis usually reveals a slight increase in 1{.‘3
the B horizons.thoughthismaynotbenpprwtmm
texture gradings.

B&seranovalisthmghinbmhdnpo&dl.-wihonﬁﬂ:
parent material of the U.S. podzol (Fig. 8.2) is calcareous.
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Note how the pH gradually increases down the profile in Fig. 8.2
as the calcarcous parent material is approached. The low pH
of podzols makes them fairly unproductive when cropped, but
conifers, which have lower nutrient requirements and higher
tolerance of acidity than crops, thrive in podzols. After cultiva-
tion. the © horizons (the main source of nutrients) are frequently
lost, exposing the acid bleicherde beneath, which, lacking both
iron and humus, is poorly structured and so develops poor tilth.
This poor physical condition causes a decrease in yields even in
acid-tolerant crops such as potatoes (which are widely grown in
podzols) unless the soil is managed carefully. Lime must be
» podzols before grasses, oats and most other vegetables

srown successfully,

il B
€d IC

s in both Figs. 2.2 and 8,2 have undergone all the
podzolisation, with perhaps the exception of clay
'hese processes are shown diagrammatically in Fig.
1 typical podzol profile is sketched.

Sy s

not as well-developed in Australia as in North
r Eurasia. where vast stretches of coniferous (boreal)
nd across each continent. It is generally too hot in
lia for deep leaf litters to accumulate, the high tempera-
wusing rapid decomposition of the rather meagre leaf litter

ET
4 5
& 3
5 >
e~
f —
&y
o
=3
_:-:J.
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tures
supplied by the eucalypts. Compare the thin, poorly developed
Ol horizon in the Australian podzol shown in Fig. 2.2 with the
deep leaf litter divided into three horizons (OI, Of and Oh) in the

In cooler, moist areas in Australia,

American podzol in Fig. 8.2. ¢
such as western Tasmania and the Monaro region, deeper leaf
litters may develop where humus decomposition does not exceed
its rate of accumulation. Outside these cooler areas, podzolic soils
are more common than podzols, the latter generally being
restricted to damp, sheltered locations or to dune sands which
podzolise very readily. Australian podzols are generally fou.!nd i
areas with an average annual rainfallr S;f ?‘ore th:: gI:g ';!h‘:‘l:
ols may still form in cooler parts of the Monaro

5:32 is a low rainfall, and evaporation is much less. Hallsworth,
Costin and Gibbons (1953) describe podzols from both o?o_ler
and hotter areas in eastern Australia. One of the most striking
differences between the profiles they dcscrﬂ:e_md_thc Northern
chﬂsphcmpodzolsisthepmsenceoiad:ﬁmt}zmmcnll}urm;
in the Australian podzols (in Fig 2.2, a definite Ak horizor

sand darkened by humus is present). In the four podzols des-
cribed by Hallsworth, Costin and Gibbons, the Ah horizon vanes
fmmmmmmmh&pﬂbﬁmmm-mapﬁd
S.OWIesMbdmﬂuinﬂmem!heund:ﬂyngm

Figure 8.3: The processes of podzolisation leading to the formation of a podzol.
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pﬂ, the O horizons frequently lie dj
‘with no A horizons. i

not hot mngh for microbial activity to thoroughly
‘*mm The main zonal distribution of podzols
Dfec and Dwc climates: these are th

regions. Podzols are best develo
such as sandstones or gramtel:. It is doubtful
pdﬂmllyfm'mon basic rocks such as basalt:
d podzols recorded on basalt do not have low pH
lack humus and iron illuviation, and so are not
dzolic soils. Limestone probably does not podzolise at all.
w profiles are found on siliceous pre-weathered
Is like the dume sands shown in Fig. 2.2. Calcareous
thered thycy materials, such as the g]acw.l till in Fig. 8.2,
ﬂt&ep;:mﬁles the podzol described in Fig. 82
rable in depth to podzols on shale or sandstone in the
region. Free drai is essential to podzol formation,
'8 ground water podzol will form. This soil contains a
| (bleached, with blue and green colours sometimes
d anaerobic conditions prevailing) somewhere in the

mmChnptuS that 500 to 1,000 years are
mature podzol to form zonally. This ]ong period
soil formation is active for only part of the
‘the ground is usually frozen.

soils develop when the above conditions are not
is, the condifions are not optimum for podzo-
 Some of the processes can function.

mmhuﬂwd the entire solum.
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Figure B.4: Brown podzolic from Connecticut, U.S.A. (modified from Swanson, Shearing & Bourbeau, 1952).
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bleicherdes are absent. Humus is often greatest nearest the O
horizons, decreasing with depth down the profile; so there is no
humus illuviation. There is usually little evidence of iron illuvia-
tion, the dark brown of the B horizons masking any red or yellow
colour from iron deposition, but chemical analyses of some brown
podzolics reveal a slight increase in iron in the B horizons. Clay
content is often greatest nearest the O horizons, decreasing slighu}
with depth; or it is fairly uniform down the profile, indicating lack
of illuviation. In Fig. 8.4 a brown podzolic from US.A. is
described and in Fig. 8.5 the processes and morphology of brown
e illustrated.

3.4 note the shallow depth of the profile even though it
ed from pre-weathered material. The horizon boun-
gradational (cf. the podzols in which there are sharp

pod zolics ar

In Fi

c between the horizons), the brownish colour gradually
ith depth. Texture is uniform throughout the profile
no evidence of orterde or ortstein in the B horizons.

rizons of the brown podzolic are not as well-structured
worizons of the podzol described in Fig. 8.2, except for
e orterde in the latter. pH is fairly uniform throughout
podzolic, but increases slightly as the parent material
is approached.

In Australia brown podzolics are poorly developed and are
restricted to the colder areas, gemerally more than 4,000 feet
above sea level. They have been described in the Monaro region,
Western Tasmania and the New England Plateau. As with the
podzols, their O horizons are generally less well-developed than
those in brown podzolics in the Northern Hemisphere.

The conditions necessary for the development of brown
podzolics are similar to those for the podzol, excepting that more
humus is allowed to accumulate in the profile. This excess of
humus may arise either from conditions slightly colder than those
in which podzols arc found (this applies especially to Australian
brown podzolics; in the Monaro, for example, they are fo_lmd at
higher altitudes than the podzols) or from a more substantial leaf
litter, such as from deciduous forests. The formation of brown
podzolics, as well as podzols, requires excess of precipitation over
evaporation, free drainage and 2 considerable duration of
weathering. In the US.A., brown podzolics are frequently
associated with another Great Soil Group called brown forest
soils: these soils have cven less well-d ic charac-
teristics than have brown podzolics, which may develop from or
degrade into brown forest soils.

In brown podzolic soils, conditions are only just suitable for
podzolisation. Given an even greater accumulation of humus

|
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| the processes of podzolisation are impeded:
 hindered and there is no illuviation of cop.
0 region, at higher altitudes than the areag
such conditions prevail and alpine humys
9), in which there is no evidence of podzo-

; w humus soils, brown podzolics angd
ed n a catena, with the processes of
¢ g with decreasing altitude.

ion in podzolised soils may be regarded as a

brown podzolics at one end and red and vell
with b ¢ P yellow
| which humus is lacking at the other, with podzols in

Minimum humus
accumulation

Podzols Red and Yellow
Podzolics

100 much humus for humus illuviation
ml:lotilndm ]almd clay are also impeded.
and yellow podzolics. there is not
illuviation but clay and iron illuviation
POG-E)I-S there is sufficient humus for
assists that of iron, but clay
'Lack of humus, as in the
podzolics, is associated with clay
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-4 m ay also form intrazonally on parent materials rich in the

I From Fig. 8.8 it can be seen that red and yellow podzolics are
‘characterised by base depletion, lack of or minimal development
© horizons, a weakly developed E horizon (bleicherde) o
1 ion of humus, but marked illuviation of both clay and iron,
54 m their profiles lack brown colours, aside from -p‘:rhaps a
'slight darkening of the upper horizon, and they are strong in red .
& and yellow colours. These features are apparent in the red |
gﬂnﬁc described in Fig. 8.6 and the yellow podzolic described 3 . \ I
‘Fig. 8.7, both soils being from the Sydney region. 3 |
* On many soil maps, red podzolics are regarded as the zonal
S soils of the central and southern Eastern Australian Coast. The ;
I profile described in Fig. 8.6 is typical of these soils. This red
~podzolic has developed under dry sclerophyll forest, on a freely
drained shale slope. Note the sporadic O/ horizon which does not
> Mmpose mto Of or Oh horizons underneath. The profile is
{ ‘ﬂﬂgdecpcr than the podzol and brown podzolic described in
R} m— -2 and 8.4 respectively, because of the greater intensity of
ang under lhc warmer conditions. This greater weathering
.!Mm reflected in the nature of the clay minerals: the kaolin
m dtlmm:e the red and yellow podzolics, but considerable
E 2-(1135335;5% Cl:y, was found by Swanson, Shearin and f S o
LU In brown podzolics from Connecticut, U.S.A.,
as the one described in Fig. 8.4. In Fig. 8.6, the bleicherde
_ %u:cmd and co;ltams scattered iron nodules, ti:;
‘!ﬂng . reason for the name, amphi-podzolic,
zm Amphi means double or doubtful, andF;s uis((il because
~ome pedologists regard these podzolics as partly the result of
& previous warmer environment when these iron
have formed (double): some pedologists consider
partly latosolic rather than podzolic (doubtful).
mﬂl‘:herde are a feature of both red and vellow
Fig. 8.7), but the bleicherde should be
0 By eluviation, so these nodules could be relict
focdeolic in !&a:;.jﬁghu marked &xlure—diﬁ'eremiatiun
R : d E horizons being several texture
horizons. The B hnriz%ms are distinctly
the 4 and E horizons, indicating iron
ed by the presence of red and yellow clay
:fﬂﬂl

athered

ndules

2

Special Features

up ta §" iron
weak grey and
yellow clay skins

nodules throughout

up to 1" we

§-
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maolst \ medium clay \

Average Annval Rainfall: 407
|

Texture

Moisture
dry

stratified alluvium containing horizons of old, buried solls

Colour
and yellow

gray
mottled groy

light yellawlsh

light brown
light grey

\

l Underlying Rock: shale

level
Figure 8.7: Yellow podzolic from Wentworthville, New South Wales.
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of the lack of humic acids. However, it is still 100 low for
, nutrient availability, so red and yellow Podzolies

cultivation problems to those of podzols, ang are
rly responsive to liming.

- R ™ the region in which the red podzolic shown ip Fig.
" 86 is found, poorly drained areas near creeks are occupied by
" - podzolics, frequently on alluvial parent material. The
b difference between the red and yellow podzolics lies not

~in the quantity of iron illuviated to the B horizon, but in the form

O ‘which the iron is deposited in the B horizon. Under impeded

. drainage in yellow podzolics, the iron oxides are strongly hydrated
they are deposited, and so develop yellow rather than red
us. The Bfe, g, t horizon of the red podzolic described in

8.6 also contains yellow iron oxides, indicating that this

18 less well-drained than the rest of the profile. In the

' the entire profile is poorly drained, so yellow and
: feature throughout.

~ Note the stronger bleaching of the E horizon in the yellow
described in Fig. 8.6 compared to the red podzolic

in Fig. 8.7. However, some iron nodules, although
red, are still present. Except for the colour differences,
WYellow podzolic has features similar to the red podzolic—
textured, apedal A and £ horizons overlying heavy textured,

Australia, the occurrence of red and yellow podzolics is

related to the nature of the parent material. In the

hee uch of the Hawkesbury sandstone contains the
; 50 even in well-drained positions, yellow
n red Pﬂdmhc:;ftend to form, because of inheritance.
m - horizo lateritic profiles in the Sydney region
1o yellow rather than red pgdzo!jcs, whcreag the mottled
0 10 form red podzolics, especially if fragmentary

leaching

ics develop as zonal soils on the equator
oWn and brown podzolics. They
e0's Cfa climate and with some areas of Cfb
the Northern isphere, they are found in

- the Mediterranean Sea and in Solﬂfl' 3
1 much warmer regions than the podzols.
ns, clay formation is rapid and many i
.mdg;ﬂnm:)ﬂheﬂhoﬁmn toclaz
with the other soils in which
: The of weathering and the

inches
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]

e of the C horizon (even though it is beyond the depth =
in the red podzolic shown in Fig. 8.6 support this

| weathering of primary minerals is therefore far
in the morphology of red and yellow podzolics
n podzols where clay formation from primary minerals
, jon of clay minerals by deep-weathering is
fayoured in the red and yellow podzolics of U.S.A. by | |
p, 1949, who claims that the clay minerals are subse- I il
destroyed in the upper horizons of the profile; this,
‘with eluviation, accounts for the lighter texture of the

liter

discontinuous

Speclal Festures

horizon Is dis
continuous leaf
horizon

0
6.0
5.0

55
&,

of pure
atter

penetration

ics are associated more with deciduous
: en wood forests than with coniferous forests,
| the Northem Hemisphere they do occur under
forests. Their frequent association with hard-leaf trees
. mlypts, and with Mediterranean woodland, accounts in
their developed leaf litters. Like podzols, red and
ol more readily from siliceous rocks; very
§ in areas of red and yeliow podzolics tend to form
heavy-textured soils such as the prairie
earths (see Fig. 11.6) on dolerite less than a mile
ed podzolic at Prospect described in Fig. 8.6.

GREY-BROWN PODZOLICS

podzolics are also called lepto-podzolics, the word
thin or weak. From Fig. 8.1 it can be seen that —
olics have one feature less of podzolisation than
podzolics, namely the illuviation of iron, thus 5
listed pr of podzolisation are strongly 3 |
8 of bases, formation of an E horizon |
uviation of clay. Like the red and yellow
_poorly developed features associated with
and illuviation of humus. Because of this
iron illuviation, they lack brown and red
is mainly drab brownish-grey, depending
!'i:“;m ﬁﬂl:;& Some soils in this Great Soil
umus and so are —coloured through-
is higher, so weak g;a'rnish tones develgop
podzolic in which humus
. Aare minimal is described in Fig. 8.9
‘morphology of grey-brown podzolics are

moderate roof

sserved
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|
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Figure B.9: Grey-brown podzolic from central New England, U.S.A. (modified from W. H. Lyford, 1946, and

Horizen Depth l
(+]]
A
E
bleicherde

a4

e
0".3"
ar.4”
13z

14"17"

|

Parent material: glecial outwash,

Drainage: well-drained.
B
A
c

‘ Location: Central New England, US.A

bed in Fig. 8.9 is deeper than

1Y




THE LIVING SOIL

Figure 8.10: The processes of podzolisation leading to the formation of a grey-brown podzolic.
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horizons are gradational. The leaf litter is poorly developed and
discontinuous, but the 4 and Bt horizons are slightly darkened by
humus. Texture changes are less marked than in the red and
yellow podzolics described in Figs. 8.6 and 8.7; however, the B
horizons are distinctly heavier textured than the A and E horizons.
As in the red and yellow podzolics, the B horizons are better
structured than the A and E horizons and the pH is not as low as
in the podzols, presumably because of the lack of humic acids
from the leaf litter. No iron nodules are recorded in the grey-
brown podzolic, but the B horizons are yellowish in colour,
suggesting that some iron is present. In all, the podzolisation
processes are poorly represented in this soil.

: e the f of podzolisation are so poorly developed
in grey-brown podzolic soils, it has been suggested by pedologists
immature brown podzolics or podzols. Stobbe
(1952) suggested that the sequence of profile development on
calcareous glacial deposits in Eastern Canada is from brown forest
soil to grey-brown podzolic to brown podzolic to podzol. He
found that brown forest soils occurred in areas which were
subjected to the shortest period of weathering; after more pro-
longed weathering the other soils developed. Stobbe noted that
the grey-brown podzolic soils were always found on calcareous
glacial deposits, and that non-calcareous glacial deposits formed
brown podzolics and podzols.

The zonal belts of grey-brown podzolics and brown forest soils
occur between the podzols and red and yellow podzolics in areas
with Koppen’s Cfa, Ctb, Cwa, Dfa, and Dib climates. The main
zonal areas of grey-brown podzolics are north-eastern U.S.A.,
central Europe, and northern China, Manchuria and Japan. In
the Southern Hemisphere they are found along the southern tip of
Africa and in New Zealand. Grey-brown podzolics are important
intrazonal soils in all areas of zonal podzols and red and yellow
podzolics. They are found in areas where conditions are un-
tuitable for the accumulation of deep leaf litters (because of high
decomposition rates or meagre supply), especially on iron-poor
parent materials.

In Australia, Hallsworth, Costin and Gibbons (1953) consider
that grey-brown podzolics develop under conditions of less severe
leaching than any of the other podzolised soils, so are usually
found in drier, often warmer environments. Drier conditions may
account for the minimal mobilisation of sesquioxides. Grey-brown
podzolics are found especially along the Eastern in
drier areas and on iron-poor parent materials.

Anyofthepodmlicsoﬂsmaybeinvadedbythewmmblein
mypanoftheproﬁle,sotha;ﬂmhorimbclwﬁwwmubh

]
]
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istics. Such soils are termed gley podzolics

may develop from brown, grey-brown, red or yellow

Podzolisation is the dominating process in cool, moist regions.
nsid variation in soil morphology arises from only small
. yariations in any of the five factors of soil formation. The
. podz soils have the strongest horizon differentiation of all
soils, with the exception of lateritic soils. This strong
differentiation results from the formation of mobile humus com-

' which assist illuviation of other constituents through the

wofile. Contrast the marked horizon differentiation in the podzo-

sed soils with the lack of differentiation in the soils discussed in
the next two chapters: this lack of differentiation is caused by

100 much humus, or 100 much clay, either of which impede the
o~ process of podzolisation.
REFERENCES AND FURTHER READING

Hallsworth, E. G., Costin, A. B., and Gibbons, F. R., Studies in Pedo-
m::ew South Wales—Part VI, Classification of Soils Showing
Features Podzol Mo logy, in Journal Soil Science 4, 1953,
F 241-256. 5 I
W. H., Characteristics of Some Podzolic Soils of the Northe
United States, in Proceedings Soil Science Society of Am
1952, pp. 231234, ;
Lyford, W. H., The M 1 y of the Brown Podzolic Soils of New
England, in Proceedings Soil Science Society of America 11, 1946,

B

w? hﬂn-h R. W., Genesis and Classification of Red-Yellow Podzolic Soils.
P P P;mdnp Soil Science Society of America 14, 1949, pp. 316-319
SR and w Morphology and Genesis of the Gray-Brown Podzolic
. Society Soils in Eastern Canada, in Proceedings Soil Science
= L co{.dmca l?, 1952, pp. 81-84,
£ .—-h-,—;_ of Sou &::;smm A. E, and Bourbeau, G. A., Characteristics
"o and ummm- Profiles in the Central Lowland of Connecti-
y ﬂ.m - in Proceedings Soil Science Sociery of America

Chapter Nine

201

Soils Dominated by Organic Matter

CONTENTS

TERM WHICH DESCRIBES PLANT AND
is chapter, only plant remains
omposes into a dark amorphous
varies in properties according to
Sosition  processes, which are called
y exists in the humification processes in
isity, as shown here:

humification processes increase

COLD

b more
guickly than it
forms

rification is
intense, SO

rich in
fulvic acids is
illuviated
through the soil

rganic matter in soil decreases

humification is
slow, so humus
rich in humc
acids accumu-
lates in the soil

DRY

humification s
very slow so little
humified organic
matter accumu-
lates in soil

e B lateritic
soils and krasno-
wems

Organic matter thus plays many d
It is relatively unimportant in the

e.g., podzols

.2, prairie soils
and chernozems

eg, alpine
humus soils

ifferent roles in soil formation.
processes of laterisation and

ferralisation in the sesquioxide-dominated soils (Chapter 7) as

intense tropical weathering destroys
it forms: hence these soils lack brown and black
of contrast, in the podzolised soils (Chapte
only has a visible effect on
in the podzolisation processes—
sation and deposition of the other
aluminium, and so marked illuviation

constituents, es|

the humus more quickly than
colours. By way
r 8) organic matter not
the soil profile but plays an active role
the fulvic acids assist the mobili-
pecially iron and
results. Organic matter has
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st role in chérmozems (see Chapter 10)—the stapye
'acids impede illuviation and give the soil a black coloyr

h the jsed soils and chernozems, organic matter

in the formal processes of soil formation, namely

on and calcification respectively. However, in brown

o soils, where there is much greater accumulation of
¢ matter than in other pedzolised soils, organic matter
jes mather than assists the other processes of podzolisation.
gffects of this impediment are visible in the profile
ology: the E horizon is lacking, the profile is brown
it. and there is minimal illuviation of iron, humus and

ic matter accumulates to an even greater extent than

p podzolic soils, it might be expected that the processes of
plisation might be hindered completely. This is what happens
‘the soils discussed in this chapter (soils dominated by organic
¢ there is so much organic matter present that the other

such as illuviation of iron, are unable to
_ precipitation may be adequate for such

e role humus plays in soil formation depends on the factors
- oil formation, especially climate, vegetation and relief. Humus
mwmuahm is associated with coniferous forests in
moist climates, but other forests produce litters which
“part of soils with some podzolic characteristics. Since

_ less heavily on bases than do grasses, forests produce a

€ acid litter which decomposes into acid, mobile humus'.
Wimmd in chernozems, on the other hand, forms in
or drier supporting grassland vegetation. Grasses,
= Iy on bases, ially calcium, return them to the
face to form a less acid litter which decomposes into more
e humus. In moist alpine regions, precipitation is ample
i low temperature permits only grasslands,
~developed herbaceous under-storey. The

surface is partly offset by the high

leaching; however, the low tempera-

decomposition, so humus?, in excess

for the acid litter from softwood
y demarcated from the mineral

SOILS DOMINATED BY ORGANIC MATTER 0

that required for podzolisation, accumulates within the profile
In Australia, such soils are called alpine humus soils, '
Soils dominated by organic matter also form in environments at
high latitudes with climates not unlike those of the high altitude
alpine grasslands, although considerably drier. In these areas soils
dominated by organic matter are quite common. In Fig. 52 (the
L of soil zonation in response to climate) a belt of soils,
peat and gley soils, extends from west to east, north of the

vod hese soils podzolisation is absent and many

ated by organic matter are found, the types

on differences in temperature, rainfall and

is soils require free drainage and quite high

so are less likely to be found in this zonal belt

is generally less than 30” per annum. Other

inated by organic matter tend to develop: if the

peded and the precipitation is sufficient to cause

acid, moor peats and peaty gley soils form; but if

on is lower or the ground water is alkaline, fen soils

s) form instead. Thus organic matter-dominated

S both altitude and latitude. The

: ite (the response to latitude) on the role of
Organic m in soil formation are summarised in Fig. 9.1
Note that the boundaries in this zonation model correspond to

COLD
WET

Too cold for humification:
little vegetation growth

fication is slow so organic matter accumulates

throughout profile, impeding podzolisation

Some humus

Humification fairly intense so fulvic acids

T torm resulting in illviation of
Humification i
jess intense iron and humus
<2 humic
" acids form Decompesition of humus
High tamperatures i
causa rapid dark soils
decompasition of Ilacking iron
meagre [itter so and
=olls lack humus
in their profiles

HOT
DRY - WET
The boundories correspond to those in Figure 5.2

Figure 9.1: The role of organic matter in soil formation
in response to climate.
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Figure 9.2: Alpine humus soil from the Monaro region, New South Wales (modified from Costin, Hallsworth and
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those in Fig. 5.1 which may be referred to for the names of the
soils within each section.

Like most other Great Soil Groups, the soils dominated by
organic matter can also form intrazonally, especially where low
relief causes poor drainage, and grass or sedge vegetation rather
than forest grows. Intrazonal occurrences of soils dominated by
organic matter will be discussed separately with each of the Great
Soil Groups in turn.

ALPINE HUMUS SOILS

Until when Costin, Hallsworth and Woof described
alpine humus soils in detail, soils dominated by organic matter
had received little attention in Australian pedological literature,
perhaps because Australia is too far north to experience the zonal
limatic conditions necessary for their formation. However, there
small areas in Australia which have suitable climatic condi-
tions because of their high elevation. The most important of these
areas are the Monaro region and Central Plateau of Tasmania,
but the highest part of the New England Plateau in New South
Wales has some alpine humus soils, though they are not fully
developed.

1952,

3

MORPHOLOGY AND SOIL-FORMING PROCESSES

In Fig. 9.2 a typical alpine humus soil profile is described,
modified from Costin, Hallsworth and Woof (1952). The Of
horizon is considerably deeper than that found in Australian
podzolised soils in warmer areas, indicating a slower rate of
decomposition of the litter. The Of horizon merges with the
underlying mineral horizon (A7h), and the amount of humus
in the soil decreases down the profile, corresponding to the
diminishing black colour. There is no evidence of clay illuviation
in this profile: clay, like humus, is greatest near the surface and
decreases down the profile. These features are apparent in Fig.
9.3 which contains some laboratory analyses of samples from

% Gravel Criuscation s a9 Nongravel T4 C8<0
Horizon in L pia Non-gravel
Total Soil % Sand % Silt % Clay Fraction
Alh 121 57.5 12.4 238 63
s L &5 12.1 195 59
AC 48.2 435 18.0 156 29

9.3: The size fractions and organic matter content of the
oy mineral horizons of the Alpine humus soil described
in Figure 9.2, from the Monaro region, New South

Wales (from Costin, Hallsworth and Woof, 1952).
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p in the profile shown in Fig. 9.2. Notice the p;
tion of gravel in the lower horizons; the very high figure for
‘A2h horizon is partly attributable to the presence of a stoge

- this horizon.
high amount of organic matter in the soil confers a stable
b structure on the Ah horizons: ped stability and streneth
decrease down the profile as organic matter decreases, The
" well-developed structure contrasts with that of podzolised soils,
. whose A horizons are usually apedal.

Uk ‘The only feature of podzolisation present in these soils is base
indicated by the low pH values in Fig. 9.2. Cation
ange determinations by Costin, Hallsworth and Woof (1952)
‘corroborate the strong leaching of the profile: they found
it the proportion of exchangeable bases within the profile was
low, and considered it rather surprising that alpine
 solls are capable of supporting such lush grasses, especially
Snow grass (Poa caespitosa). The few bases remaining in the
are more likely to be related to the organic matter than to the
;m colloids, and the strong earthworm activity undoubtedly
. assists base circulation through the soil.

: The dominating soil-forming processes in alpine humus soils,
i, are base depletion, the accumulation of a weakly acid mull

ier, and the incorporation of humus from this litter into the
mineral horizons. The increasing amounts of gravel down the
indicate that physical weathering, presumably frost-
from the frequent freezing and thawing, is perhaps
important than chemical weathering in alpine humus soils
rather than the coarser fractions dominate soils which
ically weathered). Alpine humus soils even on ph}’ﬂiﬁ
S lne-grained, unlike gneissic ite (the parent mater

il shown in Fig. 9.2), comamgrzn]éh propofljons of gravel
lower horizons, indicating that the gravel content is related
ing than to the nature of the parent
yllite alpine humus soils contain even more gravel

A
x

ils are found in distinctive climates: the wintet
ind for at least one month and frequently for
in the summer warmth the ground thaws-

m_gnmﬁm in areas of alpine
* to 90", most occurring as snow in

B
‘tree-growth, though the quantity of
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precipitation is ample. Alpine humus soils are associated with tall
alpine herbfield (above 6,000 feet altitude), sod-tussock grassland
and heath (5,000 to 7,300 feet), and sub-alpine woodland
(5,000 to 6,000 feet). In all these types of vegetation, snow grass
(Poa caespitosa) is very important. The association of alpine
umus s with sub-alpine woodland is restricted to Australia:
occur above the treeline. The eucalypts of
and may perhaps be better adaptcd'to the
than are Northern Hemisphere trees; How-
are present, snow grass is still important in
dland. Costin, Hallsworth and Woof (1952)
al factor to be unusually important in the
umus soils, mainly because of the role of
tosa) and the mountain earthworm
tly attains a diameter of half-an-inch
. The vigorous earthworm population
> low pH of the soil. Many pedologists
orous earthworm population requires a
and that low pH values are not conducive to
ctivity (earthworm activity is not important in the
soils of the Northern Hemisphere). It appears that in
mus soils a favourable combination of organic matter
sture are more imporiant to earthworms than soil
reaction. It is of course possible that the pH requirements of
Megascolex differ from the pH reguirements of the earthworms of
podzolised soils in the Northern Hemisphere.

The higher clay content at the surface of alpine humus soils
may be partly attributed to biological weathering associated with
the decomposition of the snow grass. When the litter is humified,
large amounts of minerals are returned to the surface soil
Snow erass is believed to feed on aluminium hydroxide (gibbsite)
and return this, as well as bases, to the surface soil.

Alpine humus soils form on many different parent materials,
ranging from basic to acidic and fine to coarse grained, suggesting
that these soils are climatic climax soils rather than soils
dominated by parent material. They have been noted on granite,
basalt, limestone, phyllite, slate a.nd gneiss in Australia, .and on
many other parent materials in the Northern
including pre-weathered opes such as moraine. A factor of the
parent material which appears to be universally important in the
genesis of alpine humus soils is the accessi on of small amounts of
aeolian dust from arid lands nearby. This dust, being calcarcous,
is an added factor against the processes of

The nature of the parent material influences the of
alpine humus soils far less than it does the podzolised soils




“tall alpine herbfield and roised
sod-tussock grassland bog

table within the solum on the lower slope,
- middle and upper slopes well-drained.

gley silty
bog fen
s0ils peots

!sod-tussock

“grasslond

>,

N gneissic granite
South Wales.
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basic, high clay-forming parent materials ist podzo-
lisation. Alpine humus %01?5 on basalt diﬂersi:o:gr; f:::‘;:rcperﬁes
from the profiles on granite or gneiss: unexpectedly, they are not
higher in either pH or clay content than the granite and gneiss
profiles, but they do contain more organic matter and silt (from
analyses by Costin, Hallsworth and Woof, 1952). The nature of
the parent material, then, is unimportant in the genesis of alpine
humus soils.

Of far greater importance in the genesis of alpine humus soils is
the relief factor (especially slope position) and elevation above
sea level. Alpine humus soils require free drainage and so are not
found in depressions, where peaty and gleyed soils tend to form.
At the other extreme, alpine humus soils do not form on very
exposed, steep, wind-swept slopes; there, the lithosols tend to
form instead.

Alpine humus soils frequently form catenas with other soils
dominated by organic matter. The alpine humus soils occupy the
upper and middle slopes, while peats or gley soils form on the
lower slopes. If the water table is at the top of the soil or just
below the surface for most of the year, soil formation does not
occur, and organic matter accumulates to form peat deposits.
On the lowest part of the slope, these peats may be alkaline
(fen peats). If, on the other hand, the water table occurs
within the solum, soil formation occurs and the horizons below
the water table take on gley characteristics (gley podzols); in
lower positions on such slopes, soil formation decreases, and there
is a development of silty, peaty bog soils or fen peats. These
catenary relationships are shown in Fig. 9‘.4. The vegetation,
which changes with the soil down the slope is shown underneath
the catenas. .

The catenas in Fig. 9.4 occur on slopes without strong micro-
climatic temperature invm‘;uf:s. z.t;: zhcn mcsgem :ﬁm re
difference in temperature along ope. "
in the Monaro rggeion, the broad, glaciated valleys are strongly
affected by cold-air drainage, while the summits are cold and
wind-swept. In such situations the middle slope is the warmest,
with less intense frost weathering, which allows podzolisation to
operate very weakly. Hence, brown podzolic soils may form on
middleslopea.withalpnchmnssm{sontbempangbommd
the slope. The micro-climatic effect is also reflected in the vege-
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afall over the short distance—temperature js the
or. Such a catena, which is shown in Fig, 9.5, may
n a vertical distance of as little as 300 feet. The
e hﬁp_ggmdﬁs are also knowntooccurm
salt as well as on gneissic granite.

wet sclerophyll forest sy gy

)

% Alpine humus soil catena on gneissic grani
. 1he Kosciusko area, New Scuth Wales. The
- w IS the warmest pasition on this slope.

above sea level is one of the most important factors
alpine regions. In the Monaro region of New
varies from below 3,000 to above 7,000 feet

e of about 20 miles. As rainfall is high
‘occurs wherever the other factors of
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The underlying rock through this area is mainly

differences shown in Fig. 9.6 may be accounted for in
- changing climate and its effect on vegetation. The
¢ of soil formation are associated with the
change climate. The result of this combination is such
mﬂs, such as podzolisation, operate over a
- range of elevation, the soils on either side of this range
some of the features of the formal processes.
m comments show the relationship between the
processes and the changes caused by elevation. Tlluviation
| i greatest in the iron podzols; it decreases at lower
ving to lack of precipitation, and at higher elevations
; it is minimal in the grey-brown and brown
L hiil%nin the transitional alpine humus soils
‘humus soils. the other hand, O horizons, absent
- wn podzolics and iron podzols, gradually increase
through the region of brown podzolics to reach
evelopment in the alpine humus soils between 5,500
as the rate of decomposition of humus diminishes
D increased coldness. Above 6,000 feet the O

of weathering is greatest at about 5,500 feet above
frost-shattering is at its maximum because
ently fluctuate across freezing point. At higher
tures remain below freezing for longer periods,
fluctuations across freezing point and the depth
not as great. At lower elevations, the depth of
' Mot as great because of diminished frost-
this time because temperatures remain above
: ds. As altitude increases, soil acidity rises
soils occur at highest clevations, prn‘.‘.‘sv.lmlatggli1
: precipitation. Thus the podzoli
with less acid conditions than the alpine
iphasises the large amount of leaching energy
} removing the bases from alpine humus soils,

ms energy to illuviate constituents.
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general altitudinal zonation. Parent material and time appear 1o
be far less important in their genesis than the other three factors
of soil formation.

In Australia, alpine humus soils are most widespread in the
Monaro region; but similar profiles from Central Tasmania have
also been described. The alpine humus soils of this region are
maximally developed at lower altitudes than those of the Monaro
region because of the compensating effect of increased distance
from the equator. Maximum development of alpine humus soils
is attained above 5,000 feet in the Monaro region, and at least
1,500 feet lower in Tasmania. Of course, alpine humus soils are
found at lower elevations than these in both regions, but their
properties are less well developed and they tend to grade into
brown podzolics. Special conditions of relief (especially aspect,
or the direction the slope faces) and micro-climatic influences
account for well-developed alpine humus soils below these
elevations. They have been recorded as low as 1,500 feet, in the
Gippsland region of North-eastern Victoria, under special circum-
stances. In the New England region of New South Wales, altitude
is not sufficient for the alpine humus soils to attain their maximum
development as they do in the Monaro region or in Central
Tasmania, but quite distinctive profiles are found, particularly on
basalt or basaltic colluvium above 4,500 feet. In general, alpine
humus soils should be looked for above 2,500 feet in Tasmania,
3,000 feet in the Monaro region, and 4,000 feet in the New
England region, although such well-developed profiles as the one
described in Fig. 9.2 may not be encountered at these elevations.

In the Northern Hemisphere, soils similar to the alpine hm'u_ras
soils have been describch: especially in the Alps and Rockies.
They are associated with alpine grasslands rather than woodland.
and support some of the better pastures in these areas, used
esmecially for transhumance since they are snow-covered in winter.

Singae o7t i world
Although alpine humus soils are not shown on small-scale b
soil maps, they are important zonal soils in that they
climate, rather than any other factor of soil formation.

ACID MOOR PEATS

Acid moor peats have a wide range of properties, depending on
thc:mountofp;musm:hepmﬁie,andthemmof:hemdq-
lying mineral material which only partly contributes to the material
within the solum. Acid moor putsd develop where |
- ity, in terms of precipitation an ! is P&
bmstmfunzmpemturesand prolonged saturation of the
prevent podzolisation. Acid moor peats are frequently found
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of & lakes where the water table lies within
B generally has three horizons: the upper
coloured peat with little mineral matter:

ains darker, more humified, greasy peat with some
or; and the lower, which may be below the water
s peaty, apedal mineral maticr, sometimes with an
~ The pH throughout the profiles of acid moor peats
A is usually about 5, although coastal organic
in Australia and other countries may have much lower
§ (Dolman and Buol, 1968, recorded pH values as low
Fﬂj soils on the coastal plam of North Carolina),
¢t of mineral matter increases and the amount of humus
idown the profile of acid moor peats. Pedogenesis (soil
these soils is therefore minimal. The main process
: n of organic matter and its slow humification to
apedal mass (cf. the alpine humus soils in which the
‘amount of organic matter produces well-formed peds).
S8 environmental difference between acid moor peats
humus soils 18 poor drainage in the former; this
accumulation of humus, In both soils, low chemical

peats are most common in Australia in poorly
3s associated with alpine humus soils; however,
similar processes operate are found intrazonally in
On the plateaus near Sydney (especially the

® (o the south) impervious shale lenses within the sand-
the water table to lie very near the surface, and
develops. These areas, though not nearly as high
are sufficiently cold and wind-swept to keep
hence the rate of humification of the sedge
slow, and organic matter accumulates in the
not usually contain as much organic matter as
of alpine areas, but there is sufficient 10
even though better-drained soils only a few

is fairly flat and is characterised

' 54 The profiles
_ e g
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any substrate, for organic matter rather than mineral matter may
be considered as the parent material of these soils. The vegetation
may be quite variable, the essential feature being the slow rate
of decay of the litter rather than the nature of the source of the
and grass vegetation are most commonly associated
ils. A rather long period of time is necessary for the
hll_:i‘\'.izi to accumulate, so these soils are found in fairly stable
situations.

FEN SOILS (ALKALINE PEATS)

invading the peat profile is alkaline, or if
in bases, peaty soils will have a neutral or
1 soils are called fen soils, or neutral or
1 are found in Australia on the soft limestones of
Sou lia. Like the acid moor peats, they are essentially
s of humus under impeded drainage, the main
nce being base depletion in acid moor peats,
1 in fen soils.
re found under a wide variety of climatic conditions,
the lowest slopes of alpine regions; however, they are
1mon at lower altitudes in drier climates, where they may
be recls | by draining for cultivation. Their apedal structure
poses prx ns for cultivation as these soils may dry to a very
hard mass, so that though the water table is still within the solum,
plants may suffer from drought if more than two weeks elapse
without rain.

uite Ci

PEATY GLEY SOILS

If the humus accumulation overlies strongly mottled subsoils in
which pale colours predominate, the soil is called a peaty gley soil
or humic gley soil. In peaty gley soils, the process of gleying is
just as important as the process of humus accumulation. Three
horizons may be present: the upper peaty horizon with variable
amounts of humus; a reddish, yellowish and grey mottled middle
horizon through which the water table fluctuates (cf. the mottled
horizons of lateritic soils); and a lower, pale horizon dommmad
by bluish, greenish and grey colours (this horizon being per-
manently below the water table). Sometimes the water table
even rises to within or above the peaty accumulation. Usually the
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_ : leyed (lowest) horizon are usually weakly-
d if sandy, and better-structured if clayey. The gleyed

¢ the pallid horizons of lateritic soils, is usually altered

the rock fabric still preserved. Unlike lateritic soils,
soils are not very deep—seven to eight feet at the

 mottled horizon above the gleyed horizons and below the
‘accumulation may contain illuvial clay; this, coupled with
‘base depletion, indicates that these soils have a closer affinity
podzolised soils than the other soils dominated by organic
ter. described above. However, humus illuviation is absent,
eing ¢ near the surface and decreasing down the
- With more podzolisation, often the result of polygenesis,
may form moor podzol peats, a Great Soil Group
in Australia by Stephens (1962) but not by Stace,
e and others (1968).

ses of soil formation. Quantity of organic matter
in relation to the soil-forming processes: too
nic matter inhibits these processes altogether, as in the
and fen soils. If the amount of organic matter is
the mineral matter, the material ceases to be
is to as peat instead®. The upper
; acid peat and fen soils would fall into this
: “h alpine humus soils and peaty gley soils contain
‘than the required amount of organic matter.
ire of thcmpmdms from the decomposition of the
no less important. Since decomposition is slow
ete, the soils dominated by organic mgger are higher
(the less decomposed fractions of humus) than fulvic
/18 one of the main reasons why podzolisation is absent
soils. In this respect, the role of organic matter in
s is similar to its role in chernozems, where

S then, have in common Iaage

™ y humified; consequently,
ic acids dominate. Their essential differences
Water table in their formation: alpine
drained soils; the others all contain
hin the solum. If the water table is
acid peats or fen soils form,

-

SOILS DOMINATED BY ORGANIC MATTER 27

depending on the base status of the ground-water; if the water
table fluctuates through the solum and is quite low for part of the
year, peaty gley or moor podzol peats form (if polygenesis has
occurred).
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g’ Chapter Ten

ils Dominated by Silicate Clays

CONTENTS

Soils on Basic, Heavy Textured Parent Material
Soils on Limestone

m IN THIS CHAPTER HAVE IN COMMON THE
tion of silicate clays in all horizons (as distinct from
clays Whlch dominated the soils discussed in Chapter
is, lhere I8 no marked illuviation of silicate clays
! mised soils in Chapter 8), so all the horizons have

m The profiles therefore lack texture differentiation
| rather than sandy. The soils discussed in Chapter 9
S -Hg:r;dﬁmuauop down the profile, but for a
\ Teason: igh accumulation of organic matter impedes

!llalmls discussed in this chapter may also contain
matter, high in humic acids (e.g., prairie soils,
& wlqsel_xbodm); this partly accounts for their lack
ditle) But other soils included here, which
;ggm, contain very little organic matter
ids (e.g., shallow red soils and the grey
:‘?q texture). Organic matter cannot
lack of texture differentiation in these

< %xp!au:om;nﬁ !:l:l‘ust be sought.
1 18 common t e soils grouped here is
parent materials: they all gmﬁ parent
m resistant minerals such as quartz,
Suchh as calcium, iron and magnesium. The
'om ‘i:u soils are derived, are ecither
58 or clayey alluvium) or are
tdgdﬂy to form clay minerat.l:ey(e.g.,
and limestone). The soils discussed
on very siliceous rocks such as
These rocks, when found near

s of
b
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heavy textured soils, develop quite different soils, depending on
the other factors of soil formation. In humid areas, these other
rocks are podzolised; in semi-arid areas, they may form red-brown
earths.

It was pointed out in Chapter 8 that even though the rainfall
may be adequate, certain rocks resist podzolisation. The
commonest of these rocks are basic igneous rocks and limestone.
Most other rocks form podzolised soils under humid conditions,
when forest ve tion produces the acid litter high in mobile
fulvic assist illuviation of constituents, Non-
podzol  textured soils, then, are found within a very
rent materials in humid conditions. Under
ns, too dry for forest but suitable for perennial
endency towards podzolisation is not very strong,

is basic and high in humic acids. So uniformly
m on a much wider range of parent materials;
yrm on all except the most siliceous—diorites and
which form texturally differentiated soils under
humid conditions, readily form uniformly textured soils under
sub-humid conditions. Under even drier conditions, with too little
rain for a perennial grass COVef, illuviation of clay is again

possible, as stabilising humic acids are lacking in the soil. Under

1C1

Narrow

I

T

COLD COLD
UF{L‘:’ ‘ WET
Too cold for clay illuviation —
frost heaving destroys any
texture differentiation

Becoming too cold for
clay illuviation
Maximum clay illuviation —
Too Minimum acid forest litter
dry "“‘!’
o 2
cl — b W
|l|uui?f.r|on Bﬁfseﬂrﬂﬂ Mlnémm}l‘? I'::Tm:“?ntm
HOT : ¥ HOT
ORY semi-  sub-__ % WET
*—and  ard  humid humid
The boundaries correspand to those in Figures 5.2
Figure 10.1: ;I'h:oieflfectd climate on texture differentiation
n 5.
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aditi ;, the range of parent materials which form up-
fated soils is again restricted to basic rocks and basic
' we rainfall is low and fulvic acids are lacking
on in semi-arid areas is not very marked. In arid and
eas, clay illuviation is minimal, because in arid areas
jor restricts the movement of the colloids and in very
frost-heaving destroys any texture profile. These ideas
od ¢ ically in Fig. 10.1 which shows in
the relationship between texture differentiation and

Fig. 10.1 it can be seen that the soils discussed in this
attain their maximum development on the widest variety
| materials in warm, sub-humid areas under grassland
on. In this area, their occurrence is zonal; however, these
are found on either side of their zonal area as intrazonal
. | more restricted range of parent materials, such as
T and clayey alluvium.
soils included here may be divided into two groups,
g on the base status of the parent material. The first
£ soils forms on rocks very high in bases and low in
“minerals—highly calcareous rocks (i.e., rocks con-
mainly carbonate minerals) such as limestone and
Carbonate minerals (calcite, CaCO,, and dolomite,
g, are the main ones) unlike silicate minerals, are
Il Water containing carbonic acid, and so are leached
e .aﬂ:mmﬂ-areas; the soil which develops, therefore,
S more on the ‘impurities’ within the rock than on the
h give the rock its name. Because calcareous rocks
e, they form a characteristic group of soils ranging
s in humid areas, through rendzinas in sub-humid
rey, brown and red calcareous desert soils in very dry
_ ?m c:eﬂecmﬂy re{:;reg! to inksd:lis book a5
t should remember roc an
also form these soils. - g
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contain silica as aluminosilicates, but the quantity of silica is much
lower than in acid rocks, and cations occupy a Iirgc proportion of
the rock. These cations, especially calcium from the calcic-
plagioclases, may combine with soil carbonates under ineffective
leaching to form lime in the soil, even though it may be lacking in
the parent material. A wide range of parent materials fall mnto
this category as the only essential properties are lack of, or very
little, quartz, and the presence of some basic cations, but not
excessive calcium carbonate (cf. limestone which is mainly
calcium carbonate). Of the igneous rocks in this category, basalt
and dolerite are by far the most common, but diorite, dunite,
picrite and other intermediate and basic rocks are also included.
sined, slightly calcareous sedimentary rocks such as
s shales. and weathered materials such as loess* (which
always calcareous), and alluvium (which may be
s) derived chiefly from the rocks mentioned above, are
ed. To distinguish this group of parent materials from
estone (the first group of parent materials discussed above),
the rather cumbersome term ‘basic, heavy textured parent material’
is used.

The main zonal soils on basic, heavy textured parent materials,
in order of diminishing rainfall, are krasnozems (these soils were
discussed in Chapter 7 as they are dominated by sesquioxide clays
rather than silicate clays), shallow red soils (resembling the
transitional krasnozems of Hallsworth et al., 1952), chocolate soils,
prairie soils, black earths and chernozems, and grey and brown

soils of heavy texture. Other Great Soil Groups are recognised;
! ted above: for example, reddish

these are transitional to the ones lis ‘ .
chocolate soils (between shallow red soils and chocolate soils)

and brown soils (between chocolate soils and _' ie soils).
Under impeded drainage, wiesenboden or meadow soils develop,
but grey and brown soils of heavy texture are also found under

poor drainage.
SOILS ON BASIC, HEAVY TEXTURED PARENT

MATERIAL
i i rﬁesofthesoilsinﬂlisgmnpmraﬂm‘
The da e the soils is also controversial.

contro'versial._hmce the naming of
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‘chernozems. In this book, preference is given to
I overseas usage of the terms rather than to recent
, usage such as in Stace, Hubble and others (1968),
Soil described here differ slightly (in properties)
s with si names in some other books.
successions are perhaps better developed in this
in any other group of soils; thus it is quite common
ster three or four of the Great Soil Groups within half-a-
a single slope, so it is unrealistic to consider these soils
zonal basis, separating them from their catenas. It is
that there are vast expanses of chernozems in Russia
‘America, for in these areas widespread deposition of
jociated with most of the areas climatically suited for
pn of chernozems in well-drained positions. In
this is not so, as much of the sub-humid areas are quite
id contain highy siliceous rocks, except for the black soil
i bardly compete in size with the loess plains of the
Hemisphere. In hilly terrain in the Nothum Hemi-
“Similar catenary relationships to those encountered in
£ > present in these soils, so the catenary concepts given
universal application, although they are based on
1 Zonal occurrences o%hmcsc'sons in Australia
ty refer bqumdoth soil along a slope, rather
St expanses e soil concerned. These catenary
‘are demonstrated in Fig. 10.2 (a and b) which
1 generalisations :‘glest:le zonal occurrence of, and
: ps between, soils.
. model slope is presented to show the general
L of these soils. Of course, one would bg:: most
all these soils on a single slope because of
conditions required by certain members of
zems are found only in the wettest areas; if they
areas, they are relict soils as in the Inverell area
: 307 Er annum; grey and brown soils of
und only in the driest areas. Even if conditions
wide range of Great Soil Groups to develop,
ag because of the nature of the slope or the

SOILS DOMINATED BY SILICATE CLAYS

forest

Kkrasnozems

soils

= @
- Ll
e D g
— - o=
= 200
20 o8%
55 b
aE -
= 1]
8
B
o
QD
o
©

brown
s0lls

13 Sw
el =
d LI
. L v
S Sl £
": -'rl. 1 xg‘ﬂa
L '-!‘. b E“.‘_’ﬁg
P 17 1 33”‘-
dds £
- e = =)
\ X v, o= 3
: ' £ :
L Ry ko =2
: H 1 =
L 35
| oply 1o =
ey B
i
\ i Ml
. i y II.’ gg- ug;
=g eg=2p
o
ooc o 33
= =SS
:.ﬁﬁ oo ©
L] =]

23

Figure 10.2: Catenas formed on heavy textured parent materials in eastern Australia.
a. Calenary relationship between the great soil groups.
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northern New South Wales. Fig. 10.2b also shows some catenas
known to occur in New South Wales and southern Queensland:
only the Great Soil Groups discussed in the following pages are

prairie

black  soil ZONAL S0ILS chown (reddish chocolate and brown soils are omitted). Wiesen-
earth GREY AND BROWN bodens and shallow red soils are not rcgaﬂlcd as zonal because
50“351?:: HEAVY they commonly do not dominate whole slopes: wiesenbodens

TEXTURE require impeded drainage and so are restricted to lower slopes;

conversely, shallow red soils require very well-drained conditions

chocolate and fairly steep slopes and so are frequently confined to the upper

black  soil slope, although they occupy whole slopes in rugged terrain near

A J )

earti A Inverell, New South Wales.
Because the Great Soil Groups shown in Fig. 10.2 are found
] ¢ environments, certain of the soil-forming processes
choco- challow O S restricted to only a few or even one of the soils. The processes
& rod LACK EARTHS which all these soils have in common, however, is the general lack

soil soil ol o R S = =" >, -

bl fth of or minimal illuviation of clay and sesquioxides, giving rise 10
e fairly uniformly textured profiles without changes in redness or
yellowness associated with changes in depth. Humus also is not
4 ed in any of these soils, and it only features in some of
shallow them: the colour pigment in the soils of wetter areas is mainly
¢ in the soils of drier areas is mainly silicate

illuviat

chocolate red sail iron, while the pigmen

soil clays and salts. Lime does not appear in the solum until the black
hs or chernozems are reached; there it is usually illuviated,
y accumulates throughout

(in which salt

PRAIRIE SOILS cart
forming a Bca horizon; but it frequentl
the profile of grey and brown soils of heavy texture

accumulation is also important).

>4

krasnozem . :
In Fig. 10.3, the main processes operating If
Group are generalised. This generali is necessarily an
over-simplification of the processes at work, for there are wide
variations within each Great Soil Group. The extent of these
variations is shown in the following comments on each of the
Great Soil Groups. Although the accumulation of lime to form a
v Bcahorizcnisafemureofblackeanhs.llmemymmm
4 the A horizon; thus the 4 hnﬁzmofunckum:uayormay:!ot
be calcareous, but the B horizm;]is fIl::ys calcareous (Pmaw;-
thcs.oilwmlldbeapmm"soi. processes
Fig. 10.3 are similar to those shown in Fig. 6.4; these are the
rassren g Lo which have been stressed jn this book becluse of their

‘chocolate soil

CHOCOLATE SOILS

n heavy textured parent suarLow RED SOILS

eastern Austral ;

mmg.:& G T = e sesceibed

R s e wwcmcmmmam),m
i oﬂym@ﬁyrweivedamﬁonudnmsdﬁmq-.m
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demonstrate that this soil has a wide range of occurrence.

Fig. 10.7 shows the perccatages of orgmc matter (assuming
mglnicmatmremtains roximately 57% carbon) and clay
soil samples taken from horizons of the profiles described
Figs. 10.4, 10.5 and 10.6. As Fig. 10.7 shows, the shallow red

wrface and  cone

throughout; be Illu-
cantrate thera

iHuviated 1o lower
B horizons
may sccumulate

e
but some may be

so&lsarclowerinor_gnnicmwﬁmﬂnothurwik Because

= §;.- Eg - | & |8 Previously all red soils on basic parent material were considered
H § 283 & 3 L] he deeply weathered, the result of inte i
3253 . k| = to be decply weathered, the result o intense, subtropical decom-
5‘! '§>- <T 3 § g E ] position. ].=1‘ .—\ustlr;'.la_n, red soils on basalt were not regarded as
> £ a2 2 B & the re of weathering under the present environment unless the
o 5 e 3 = 1] ; = P
2 =8Es | £%5=g = average annual rainfall exceeded 55”. Any red soils on basalt
:3 S5 Sl . s g st u Il areas were considered as relict soils from
£ £y 3T ™ B o tropical climate, even though many of the profiles
- veEwd B - - e e S ’ . P
; §_ Ss. 53 Ei = ; E ‘ ind nim* .kru.:\‘.rlu}?cms in Propmgs_mege
203 |2 gg E-E% 3 = ¢ 2 d 'I\r.\s.nozqn» were :mnblfled to post-
1252 2 %3 & : |§ for ich as erosion, and the addition of bases.
35 gg 5 98 | 5 |6 I n noted in Australia and overseas that in
358 =4 LG 2 |o sl =
282 |68E =£323 | $ & W on basalt, with woodland rather than tall
‘§_§§ i ' —| & g parent rock weathers directly to red soils
S =00 2 uni s much lower than 55”7, even in warmer areas such
3;% EEE g 9 as New South Wales, where evaporation is high and
£:0 s =38 :85 y is less effective. In steeply sloping areas (slopes of
is 35328 n 6°) these red soils occupy the entire slope, but in less
13-"_.; E, fa 3 as, they give way to chocolate and prairie soils on the
% S2Ee by s (coe Fiv. 10.2)
OEZ O s (see g, i J
“5 £852F @35 T The shallow red soils have more pmﬂounced eluvial features
%“ §}"§3§ 'g &2 than the other soils described in Fig. 10.3. There is usually a
jg £. 32 |0 3 - g change in texture between the A and B horizons because some
E§ £ 3 3 s 8 E clay is illuviated, but far less than in some podzolised soils, In this
SR8 E‘E“'Eﬂ: |§ 8 g & < respect the shallow red soils resemble krasnozems winqh also
L 83325 I]E'r"s g = g usually have some texture contrast. Shallow red soils forming the
T el : 2 upper members of catenas on basalt in northern New South Wales
£25 23z« ' 2 £ are shown in Figs. 10.4 and 10.5. From l.hcsc it can be seen that
EE% 3 s 5'5 £ there is considerable variation in propertics in shallow red soils,
O 32§ =2 > depending specially on slope and rainfall. The shallow red soil
3s s g gg >3 = from near Merriwa shown in Fig. 10.4 is much deeper because of
€ %‘E ;3 E £€ g the lower slope, but has a high pH because of the lower rainfall
e Tofad £2 g and lower slope than the soil from near Inverell shown in
= e < Fig. 10.5. However, both soils contain both A and B horizons in
-2 = t2 § their solum, distinguished for reasons of texture, structure and
ﬂr-'i‘ E il | § clay skins. The of the Tnverell soil is more typical of |
s e g Great Soil Gmupthnnistthmrwasoil.wmdadoes,howem,
2%
c
3 s
3 E
>
2
.-
@
o
=

i i
e : mmmwmmm
sl 3 i 12 &m%%m into humus lower in humic acids
: i l §i'§ than the humus in black carths; hence the shallow red soils lack
. i 9 -
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brown and black colours even though they do contain considerable
g 2 organic matter (the A horizon of the Inverell shallow red soil
%E sk z g = contains nearly 3%, but most of this is poorly humified and
?5 §; = 35 2 consists of fresh roots and leaves rather than humus),
3 |E° = |F %
= P
r‘? Horizon eoﬂr:;::cge Percantage
a w | == o - - E Matter Clay
1z 2 < | & o Shallow Red soil near Merriwa A 1.3 a7.0
I" g Fig. 10.4) B 08 523
3 = z i'-‘; :_8_ E?aj“‘E.:-"". near Merriwa (Fig. Al (mulch) 29 430
25 = =4 A2 28 &5
£z s B 13 655
g Sha oW i Soil near Inverell A 27 50.6
- B F B 21 62.8
E-g- = = =
Eg 'E'- EE% g Black earth near Inverell (Fig. ATl [(mulch) kE:] 460
- ~ 1 & - A2 29 71.2
- = Bca 1.5 8.2
= = Bb 27 60.9
S (=]
Lols® sl sleslS | o, o Ci Al (mulch) a1 248
g% ;3 mol3E2E | (o3 z A2 27 282
T || SE[EHS | |58 - Prairie Alh (mulh) 50 320
s = AZh 42 400
= 7] 8 29 366
EHE E‘E %_3- = 22| x> Z_ Wiesenboden near Prospect (Fig. Alh (mulch) 72 323
¥ Rl ) Fy 10.6) AZh 60 483
P - : s Bgh 48 59.1
H il Bca 30 63.4
g z Bl s | - zls :
EIIP|E|°® =13 Figure 10.7: Percentage organic matter and clay in the horizons
£ | = of soils dominated by silicate clays and described
3 T.:ll3 in Figures 10.4, 10.5, and 10.6.
i A AR ER R The shallow red soils analysed in Fig. 10.7 are no less clayey
5 =3[3% | & 55 than the other soils, and the Invcrcllpmﬁlclsamq]lyh:gherm
' 5 1= clay than the prairie profile from Prospect shown in Fig. 10.6.
H o Fa 3 -‘gg However, the shallow red soils usually do contain less clay,
iiii 2Ll 55 '-?% =8¢ particularly in their 4 horizon, than do their lower catenary
- 151 §= E cg associates
: 122 Of the soils considered in Fig. 10.3, the shallow red soils appear
I 2 s lalz|s =§ to be the most bmuscofmﬁrgﬂ,mkiﬂwinﬁ.wq
i} 5|2 212 |3 |= g‘; clay, lower humus content and lack of lime. This condition is
‘4 & related to their environment, rather than to their parent material,
= which is similar to that of the other soils. Since shallow red soils
&= ﬂg are found only on well-drained, generally quite steep slopes,
sl b 21842 M‘mdm”amwmm
: mmmmmdwnmﬁemmmrd
1A woodland rather than grassiand keeps the return of to the
] r'
A ‘, y! . T
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‘minimum (cf. chernozems), further increasi
s. These conditions promote the formation of
2:1 lattice clays (e.g, kaolinite rather than
so the shallow red soils are the least heavy and
‘the soils being considered in this chapter, though

age of clay may be quite high. However,
ching may be effective, the combined effect of slope
and lower rainfall prevents the very deep weathering
krasnozems. The high proportion of basaltic stones
‘most shallow red soils (see Figs. 10.4 and 10.5) suggests
‘removal of the upper horizon by colluviation, permitting
v eluvial horizon to develop: this could also account
of self-mulching in shallow red soils.

* glightly less effective leaching conditions than those
o the shallow red soils, clay illuviation is minimal,
r is less effective, and destruction of humus is less
‘resulting in the formation of chocolate soils. These soils
heir name from the brownish-red colour of their solum
WY poerly differentiated into horizons. In properties,
teally transitional between shallow red soils and prairie
co! continuum of shallow red soils, reddish-
e “-Mﬂkmlz, brown soils and prairie soils may
d along a " icularly if a trench ex re 8
Like the shallow 1?::1 soils, )::hoco]atc soils E;m more
encountered on sloping rather than on flat terrain, but
requently found on less steep slopes than the shallow red

, ¢an be related to environment. The chocolate
. shown in Fig. 10.6 is less differentiated
more I?hd chocolate soils, perhaps because
? (5°) and the disturbance of the site for
water conservation (the doleritic parent
blue metal, and a reservoir is located about
site). The natural vegetation, which was
has been replaced by grasses such as
¢k ; A of the I.Ippﬁf
: mmys found in
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The chocolate soil near Prospect (Fig. 10.6) is slightly lower
in clay than chocolate soils from northern New South Wales,
which may be as clayey as the shallow red soils or black earths
(see Fig. 10.7). Although chocolate soils are generally dominated
by 1:1 lattice clays, some do contain appreciable montmorillonite
causing them to swell and shrink more than shallow red soﬂs‘
Unlike krasnozems, which contain only fairly resistant minerals in
their sand fractions, chocolate soils and shallow red soils contain
large proportions of vulnerable minerals such as olivine, pyroxene,
and calcic plagioclase, and lower proportions of iron oxides,

icating that these soils are far less intensely weathered than
s in terms of both their profile depfh and constituent

te soils are usually well-structured and have a pH just
tral (the Prospect chocolate soil, Fig. 10.6, is more acid
naking them highly suited for cultivation, since they
I 1e excess of free iron oxides contained by krasnozems, and
to a lesser extent, by shallow red soils. The chocolate soils of
northern New South Wales are cropped quite successfully (wheat
is grown in the drier western areas, and com, fodder grasses and
other crops in the wetier eastern areas). In the more steeply
sloping areas, they are left for rough grazing—like many of the
areas with shallow red soils. Both the shallow red soils and
chocolate soils are less widespread than the krasnozems, prairie
soils, black earths and grey and brown soils of heavy texture,
so less attention has been directed towards their fertility than to
the fertility of the other soils.

PRAIRIE SOILS

rairie soils occur intrazonally on basic parent material as do
shallow red and chocolate soils, but they are far more important
as zonal soils on a wider variety of parent materials, under a
native vegetation of tall grassland. Their best-known zonal areas
are in North and South America where they lic between latosols
and podzolised soils to the east, and chernozems to the west,
that is, between the 25”-40” average annual isohyets. These
are the tall grass prairies on diverse parent materials, including
loess and alluvium.

Morphologically, ie soils resemble chernozems most
dmcl(;?l.beoge‘;mgn] d:ﬂemwem between them being the removal of
lime from the solum of prairie soils, while lime remains in
chernozems. Prairie soils may therefore be regarded as transitional
between pedalfers and although by definition they are

pedalfers even if lime is present in the C horizons.
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. soil from Prospect described in Fig. 10.6 is similar
from North America, although its organic matter
10.7) is less than that of modal Northern Hemi-
& mgmnicmamn'is greatest in the mulch, and
eases with depth. content is greatest in the 42h horizon,
+ decreases in the B horizon, indicating lack of illuviation.
just below neutral, and peds are well-developed in all
thus, both chemically and physically, this soil is very
ywed. The full effects of grassland vegetation are seen in
soils; the production of humic acids causes very dark
in the upper horizons and lack of illuviation of either
z because the soil exists as stable aggregates. Grass
des a heavy return of bases to the surface, and these
incorporated into the upper horizons to partly offset
‘and maintain the pH close to neutrality. The lack of
st between the 4 and B horizons in prairic soils
hﬁ“mplete lack of movement of colloids, as most
ave well-developed clay skins which are related to
colloid movements which in turn are associated with
and ped development within the horizons.
peds are frequently extremely hard when dry;
the prairie soil at Prospect is 100% pedal and its
ly be broken between the fingers and thumb.
ural development arises from conditions optimum
tion and cementation: the colloid has a high
calcium adsorbed to it (calcium is a strong floccu-
and the large amount of stable humus cements the

~and black earths are well-structured for similar
chocolate and shallow red soils lack both the
m on their mllolds, and the stable humus. These
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soils. The lack of red or yellow pigments arises from the
domination of soil colour by the humic acid black pigment which
masks any other soil colours. Removal in the laboratory of humus
from prairie soils usually reveals reddish tones in the treated
sample. Chemical analyses of prairie soils do not reveal iron
illuviation; this is not surprising, for iron is frequently co-illuviated
with humus,

Prairie soils are not usually very deep (the one from Prospect
described in Fig. 10.6 could be considered modal); this condition
s their moderate weathering environments. Within their
w solum, however, there is very strong pedological
sation: two distinet horizons are usually present, based on
| structure changes. Naming these horizons 4 and B is
troversial, especially if these letters have an eluvial and
otation, so some pedologists prefer to designate them
d A—either system is acceptable. These sola horizons
kedly from the underlying C horizon, even if it is
pre-w {: the prairie soil-forming processes completely
destroy any features arising from sedimentation.

Prairie soils are best developed in areas of free drainage
(wiesenbodens form in poorly drained areas of prairie soils),
which have an average annual rainfall of about 40, a hot summer
which allows the profile to dry, a high clay-forming parent
material, and fall grassland vegetation. However, less fully
developed profiles are very common where all these conditions do
not occur. On headlands along the south-eastern Australian coast,
soils similar in morphology to prairie soils develop under special
conditions, resembling those mentioned, but with a rainfall which
is often considerably higher, These soils are called black headland
soils (Parberry, 1947) and reflect the interaction of sea and
vegetation. They are best developed on south-facing promontories
which receive the full force of the south-casterly winds and regular
accessions of salty spray which renew soil bases. They are
associated with a low shrub (Westringia rosemariniformis) and
grassland, and also with heavy textured parent materials well
supplied with bases. They are therefore best developed on basalt.
Their organic matter content is very high: Parberry found more
than 17% organic matter in the basaltic black headland soils and
more than 10% in soils on other rocks such as tuff. The black
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soses into humic rather than fulvic acids. M(“Pimlogically
‘Slack headlands soils are more like prairie soils than any.
- Great Soil Gm?;nd Along the coast, they are intrazonaj,
g very special itions.
ing the black headlands soils, prairie soils in Australig
s commonly lower in organic matter than their counterparts
eas. because Australia lacks the tall prairie grasg
don so conducive to the accumulation of organic matter.
wuse of the higher temperatures, prairie soils tend to be found
wetter locations in Australia. One of the main areas of prairie
in Australia is along the south coast of New South Wales
Bega to just south of Nowra where rainfall generally exceeds
per year: these soils rarely contain more than 6% organic
r in their upper horizon. Prairic soils are also found in
‘catenas in northern New South Wales, southern Queens-
in Tasmania.
xiric soils are extremely productive: not only do they have
s desirable features of black earths and chernozems, but in
they are found in wetter regions, so water stress is not
critical factor in their cultivation. They are particularly
for grains and fodder grasses and in New South Wales
de exce dln’y;:;)gblamas although their distance from the
EARTHS AND CHERNOZEMS
names ‘black earth’ and ‘chernozem’ are used differently
pedologists. The FAO/UNESCO (1968) world soil
y prefers the term ‘chernozem’ to ‘black earth’
varieties: halpic chernozems, clayey soils
ted lime in the B horizon; luvic chernozems, clayey
some clay illuviated to the B horizon in which lime
and caleic chernozems, clayey soils which are
throughout (all three varieties have a dark A horizon
. Stephens (1949) in his paper on the com-
gy _ﬂm Great Soil Groups suggested 21;;
soils lower in organic matter
_ m: organic maueo:gin their surfztt;l-'e
5 organic matter be taken as th€
, ﬁ,ﬂ% m:m oﬁinrs‘;i igl 1968) use ‘chemozems;;:;
content, ) uviation, and ‘black ea
A more than 50% clay in their solum. In introductory
the terms are used synonymously (e.g. if
‘Geography, 1960). In this book, Stephens
ed, that is, earths’ refers to silS
 matter in the upper horizon and

e
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‘chernozems’ refers to soils containing more than 4% organic
matter in the upper horizon. Since Australian heavy textured soils
tend to contain less organic matter than similar soils of other
countries (see the prairie soils above), black earths are more

on than chernozems. Because of the influence of organic
m other soil properties, chernozems overseas differ from
an black earths in several properties.

¢ (1967) considers that the modal chernozem has a dark
izon two feet deep in the U.S.A,, three to five feet deep
that in both countries it contains from 5% to 20%
g dominated by humic acids. Within the dark
. B 1g distinguishes the upper part, with pH usually
5 and a granular structure, from the lower part, with pH
S, a prismatic structure and less organic matter. The
lighter in colour (it has less organic matter) and
The C horizon which is also lime-rich, contains less

e

earth profiles in Australia are more akin to the US.
nozem in depth, although on alluvium their A horizons
may b to five feet deep. The prismatic structure of the
Northern Hemisphere chernozems is usually lacking in Australian
black earths which are gemerally blocky-structured. Two black
carth profiles are described in Figs. 10.4 and 10.5, from Merriwa
and Inverell respectively, the latter receiving more rain than the
former. Both soils are self-mulching, a property which is most
prized, for these soils tend to crack rather badly in dry seasonms.
Both soils are heavy clays (aside from the mulches, the horizons
all contain more than 60% clay: see Fig. 10.7) with a darker
horizon containing well-developed blocky peds overlying a lighter
horizon with poorer structure and less organic matter (the A
horizons contain more than 2% organic matter and the B horizons
less than 2%: see Fig. 10.7). The Inverell black earth (Fig.
10,5) contains lime only in the B horizon, and the A4 horizon has
a neutral reaction; but the Merriwa black earth (Fig. 10.4)
contains lime in both the A and B horizons, though the B horizon
is very much richer in lime. Tluviation of calcium to form
deposits of free lime in the B herizon is therefore common to
soils. but in the Merriwa profile, where rainfall is less, this
illuviation is less thorough and so lime accumulates to a lesser
extent in the A horizon as well. The high amount of lime in the
Merriwa soils could also be related to the parent material: the
soil has developed from basalt traversed by veins of calcite
(calcium carbonate) which remain in position, although they are
weathered, in the C horizon. The material of the
Inverell black earth is apparently alluvial, indicated by the

e ——

|
|
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of non-basaltic os i s =0 4
S e “_.”‘.Tu L_l_u] SI-LTHLS in ll‘jL. soil and by non-basaltic
ST serals seen -1 hin in the ‘mnd fractions ‘.th viewed under the
. e le £ 2 microscope. The Inverell black earth overlies a buried soil which
R 9= .ontains more organic matter the . :
8_§ e N contains more Organic matter than the B horizon of the black
1 S oa earth: s soil overlies weathering basalt whi
: athering basalt which does not -
h‘g ' T et Y e A =3 e~ () ! not react 1o
=3 : ""“f”—‘-‘»f-f“"\>§6 ’-“h.“‘ oric acid and lacks calcite veins, The Inverell black
B8 .‘2’? e o x £ earth corresponds ia well to the hal ¢
€83 i Eenenaeeton i A0 /UNESCO well to the halpic chernozem of the
[ D ¥ NESUD Sy and the T anl 3
35' s oo 7 o fl\f- UNESCO sys and the Merriwa black earth to the calcic
’E 8 0 Sl e & chernozem
-4 ; ‘E 8‘0_“::" r"- = i 1
\ 265;“- L - o~ e ratine in chernozems and black carths are
} 835 ii! - in »f materials accumulating may differ.
am iy . : 3 h wm isorammatically in T
R ST ¥ F: - W ﬂlu!-.llz_\'l'-..l'ﬂﬂ.dllllulﬂvh.1‘[] Fig. 10.8,
: . 0 I rassland vegetation which plays an
o f humic acids and the return of
&2 { @ c r the colloids calcium-dominated
e Ro ! o ! Humus illuviation is not a
r e v - A & .
BERTS e 1 ths. for humus is always most
:. “ﬁ"E;’,ﬁj-f{ﬁ— woe ; we and i diminishes \\'1lh dc_pth; but in
et AP ck earths, weak clay illuviation may
el w89 O ir . il :
Were 38585 : (LS C ver. clay also is most abundant near
| "““-\Q@:-U:-_’,DN ~ o1 v R R ;
S 258803 % . = th (ex the mulch) and diminishes with depth.
{ - SR ] c2 m: = © @ (¢ Jly sodium and potassium) are generally
: sgﬁ__-r:"_',s ;.7%'_3‘-'_'""‘_"” : 2 both chernozems and black earths, though some
f *5‘:“%{23"6 oES? £ pet - 1Y 8 . the colloids in the lower B horizons. Free alkali
rorm m=t € | = cu e in either chernozems or black earths.
> EELT o2 L I o
= ¥ o= w T = - - y
Sl Y = o thering environments of chernozems and black earths
0 B E are cuitable for the development of 2:1 lattice clays,
— 3 = - . i . s .
E“ 3‘;%5‘_5;-5 ofu .= s sontmorillonite. These clays have the highest shrinking,
| ShESEE =038 = | cation exchange capacities of all clays and so they
= % w@ggea“;g 2 further enhance the clayey properties of these soils. Chernozems
'E; ;E:a_,"—.‘."é%'_-':' o with as little as 30% clay still feel heavy and plastic, and shrink
3 v L & = t i - . . ” s T
2ol 53 SN = and swell markedly, and those with high proportions of clay, like
i [ 11 AT & the ones discussed here, are extremely difficult to manage (as little
¥ § f i = as 25 points of rain makes roads on them impassable): they clod
"m e @ badly when they are ploughed wet and are too hard to plough
« < o 5 when very dry. However, their high montmorillonite content and
- o4 e 7 Al E frequent <elf-mulching nature gives them high water-retention
=y ability. Their high humus content, close-to-neutral pH in the 4
T horizon, high base status, and strong structure make them very
™ o roductive though they may be difficult to manage immediately
e “é‘ﬁ.&z ! fter rain, The black soil plains of northern New South Wales
Rl -y as (for example, near Morce and Narrabri) and the Darling Downs
AN of Queensland contain some of the most productive cropland in
Australia. Compared with other soils, very little fertiliser 1s added
B i1 to black earths to maintain yields.
-
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The prairie soil from Prospect described in I_, 10.6 is similar
0 es from North America, although its organic matter
content (Fig. 10.7) is less than thgt of ma;nj:ll: Nor Hemi-

Pmﬁ]csv The organic matter is greatest in the
mcs with depth. Clay content is greatest in tl
bat it decreases in the B horizon, indicating lacl
pH is just below neutral, and peds are well-dey
horizons; thus, both chemically and physically, th
well endowed. The full effects of grassland vege

irie soils: the production of humic acids
golonrs in the upper horizons and lack of il
humus or clay, because the soil exists as stable
litter provides a heavy return of bases to
bases are incorporated into the upper hori
leaching and maintain the pH close to neutr:
fexture contrast between the 4 and B he
does not imply complete lack of movement
prairie soils have well-developed clay skins which
the intemnal colloid movements which in turn are
flocculation and ped development within the horiz

Prairie soil peds are frequently extrem h
for example, the prairie soil at Prospect is 100% |
l-'ll'): peds can hardly be broken between the :

strong structural development arises from c
for both flocculation and cﬂmcnmtion: the co
Proportion of calcium adsorbed to it (calcium is a stro
l::;'g agent: and the large amount of stable humus ¢

reason s and black earths are well-structured
S-‘bul C}_loculatc and shallow red soils lack both :
wa;:ﬂm their colloids, and the stable humus. These
cementatio s Y offset by their iron content which assists
Prairie soils bﬂxlﬁms;}hcr of these soils are as well-structured as
thei hydrogen dom'malis are well-structured mainly because ol
higher than on and very high iron content (much
that of the shallow red soils).
not as mmsolls o hca.""-" texture, on the other hand, are
different reasons sredoei 2% prairie soils or chernozems, but for
i um (a dispersing agent) tends to have an
Sportant. effect on their collans 1D ecnt) tends to :
efiect of calci unmm colloids, diminishing the flocculating
v were - » even if grey and brown soils of heavy

‘Cementation as both ated, there would be very little to cause
be

for similar

E

‘ s high as chocolate or shallow red

- f m and organic matter are lacking.
r _wﬂnﬁ E":‘“ s0ils lack red colours, they have been found t0

pigments arises
¢ acid black pigment which
in the laboratory of | ]
idish tones in the &
do not reveal iron
equently co-illuviate

-forming
Jowever, less fully
| these conditions do
astern Australian coast,
soils develop under n!"t‘Ci:x[
1 but with a rainfall which
: .re called black headland
ot the interaction of sea 3_1'1\1

on south-facing promontories

loned
HOped

. _easterly winds and regular

¢ sout
salty s which renew soil bases. They are
: weia rosemariniformis) and

also w heavy textured parent materials well
bases. They are therefore best dey eloped on basalt
ynic matter content is very high: Parberry founq more
organic matter in the basaltic black headland soils Jﬂf
more than 10% in soils on other rocks such as tuff. I'hc,bl‘u}}
headlands scils are seldom more than two fect ds:l:p_and rlh:!r fhe
is close to 5.5 in spite of the frequent bhase acccsf'mmd;{l;: o
ocean and the basic parent materials: the low _r!flf is LII‘;l oubtedl)
the result of the heavy rainfalls (most sifes receive 50" or mo'l;r
per annum). Although the rainfall is high. the soils are g"-l,\‘“_]'l
black rather than red, owing to the prolific leaf litter which slowly

a low rub ( Westrir
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ses into humic rather than fulvic acids. Morphologically
ack headlands soils are more like prairie soils than aﬁ;
‘Great Soil Group. Along the coast, they are intrazonal,
very special conditions.

fing the black headlands soils, prairie soils in Australia
monly lower in organic matter than their counterparts
probably because Australia lacks the tall prairie grass
n 5o conducive to the accumulation of organic matter,
¢ of the higher temperatures, prairie soils tend to be found
er locations in Australia. One of the main areas of prairie
' Australia is along the south coast of New South Wales
‘Bega to just south of Nowra where rainfall generally exceeds
‘per year: these soils rarely contain more than 6% organic
in their upper horizon. Prairie soils are also found in
altic catenas in northern New South Wales, southern Queens-
land and in Tasmania.

h&m are extremely productive: not only do they have
desirable features of black earths and chernozems, but in
i they are found in wetter regions, so water stress is N0t
eritical factor in their cultivation. They are particularly
for grains and fodder grasses and in New South Wales
excellent dairying areas, aithough their distance from the
y market poses problems.

Bﬂ‘mutn CHERNOZEMS

'mames ‘black earth’ and ‘chernozem’ are used differently
pedologists.  The FAO/UNESCO (1968) world soil
; j prefers the term ‘chernozem’ to ‘black earth
: varieties: halpic chernozems, clayey soil$
d lime in the B horizon; luvic chemozems, clayey
clay illuviated to the B horizon in which lime
. calcic chernozems, clayey soils which ar
ghout (all three varieties have a dark A horizon
Stephens (1949) in his paper on the com-
gy of world Great Soi
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‘chcmc);_r_-:ms' refers to_soils containing more than 4% organic
matter in the upper horzzon._ Since Australian heavy textured soils
tend to contain less organic matter than similar soils of other
countrics (see the prairie soils above), black earths are more
common than chernozems. Because of the influence of organic
matter on other soil properties, chernozems overseas differ from
Australian black earths in several properties.

Bunting (1967) considers that the modal chernozem has a dark
surface horizon two feet deep in the U.S.A., three to five feet deep
in Rus and that in both countries it contains from 5% to 20%
organic ter dominated by humic acids. Within the dark
horizon, Bunting distinguishes the upper part, with pH usually
about 6.5 and a granular structure, from the lower part, with pH
usually 7.5, a prismatic structure and less organic matter. The
B horizon is lighter in colour (it has less organic matter) and
lime-rich. The C horizon which is also lime-rich, contains less
clay

Black earth profiles in Australia are more akin to the 'U.S,
modal chernozem in depth, although on alluvium their A horizons
may be up to five feet deep. The prismatic structure of the
Northern Hemisphere chernozems is usually lacking in Australian
black earths which are generally blocky-structured. Two bl:ack
earth profiles are described in Figs. 10.4 and 10.5, from Merriwa
and Inverell respectively, the latter receiving more ram than the
former. Both soils are self-mulching, a property’whlch is most
prized, for these soils tend to crack rather badly in dry seasons.
Both soils are heavy clays (aside from the mulches, _thc horizons
all contain more than 60% clay: see Fig. 10.7) with a darker
horizon containing well-developed blocky peds _overiymg a lighter
horizon with poorer structure and less organic matter (the A4
horizons contain more than 2% organic matter and the B honzl:::ns
less than 2%: see Fig. 10.7). The. Inverell black earth (t:f;
10.5) contains lime only in the B horizon, and the A horizon
a neutral reaction; but the Merriwa black earth (Fig. 10.4)
contains lime in both the 4 and B horizons, though the B ho;mon
is very much richer in lime. Illuviation of calcium to form

: SESS izon i to both
deposits of free lime in the B horizon is therefore common 5
soils, but in the Merriwa profile, where rainfall is less,
illuviation is less thorough and so lime accumulates to a lesser
extent in the 4 horizon as well. mm@m“;mmg

Munwaam]soouldalsobemlatedmthepamt'mmlﬂz
soil has dgvejopedfmmbasalttmmsed”bymulﬂldﬂ._
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Figure 10.8: The soil-forming processes in chernozems and black earths.
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presence of non-basaltic stones in the soil and by non-basaltic
minerals scen within in the sand fractions when viewed under the
microscope. The Inverell black earth overlies a buried soil which
contains more organic matter than the B horizon of the black
earth: this soil overlies weathering basalt which does not react to
hydrochloric acid and lacks calcite veins, The Inverell black
earth corresponds fairly well to the halpic chernozem of the
FAO/UNESCO system, and the Merriwa black earth to the calcic
chernozem.
The processe
similar t

0

operating in chernozems and black earths are
intities of materials accumulating may differ.
which are shown diagrammatically in Fig. 10.8,
ted to the grassland vegetation which plays an
in the formation of humic acids and the return of
| surface, leaving the colloids calcium-dominated
le and flocculated. Humus illuviation is not a
i0zems or black earths, for humus is always most
ndant close to the surface and it diminishes with depth; but in
some chernozems and black earths, weak clay illuviation may
occur. More commonly, however, clay also is most abundant near
the surface {cxciuding the mulch) and diminishes with depth.
Alkali cations (especially sodium and potassium) are generally
removed from both chernozems and black earths, though some
may remain on the colloids in the lower B horizons. Free alkali
salts rarely accumulate in either chernozems or black earths.

The weathering environments of chernozems and blgck earths
are most suitable for the development of 2:1 !attwc. c]j_lys,
especially montmorillonite. These clays have the highest shrinking,

swelling and cation exchange capacities of all clays and so they

further enhance the clayey properties of these soils. Chernozems

with as little as 30% clay still feel heavy and plastic, and shrink
and swell markedly, and those withlhigﬂi];unropaﬁmsm mmﬂc;c(lg,lggz
the ones discussed here, are extremely

as 25 points of rain makes roads on them impassable); they clod
badly when they are ploughed wet and are too hard to plough
when very dry. However, their high montmorillonite content and
ing nature gives them high water-retention
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black earths have been used successfully for cotton
Wee Waa in New South Wales. Some of the best
are found on the western slopes in rolling black soil
ar New South Wales. In the same areas, many
on granite have been abandoned because of poor soils,
the grain farms on the black soil have maintained high
en though some farmers have not applied any fertiliser.
ck s are quite unsuitable for orcharding: in fact, trees
kind do not grow well on them. The trecless nature of the
plains of

: porthern New South Wales has not yet been
y explained though many theories have been proposed.
the plains are extremely flat, except for gilgai micro-
contain not a single tree for many miles.
‘on black earths poses many problems, because pests
d not survive under poorer conditions thrive in the
black earths: soil fauna and weeds grow bigger and
ck soils than they do in other soils.
farming, with a fallow to conserve moisture and assist in
jication, and also cotton growing seem to be the most
es on the black earths and chernozems of most
¢ famous wheatlands of U.S.A. and Russia occupy
chemozems and prairie soils; the best U.S. cotiod
n chernozems in Texas; the main cotton areas of India
n the regur, or black cotton soils developed on the volcanic
- of India are morphologically similar to Australia’s
contain even less organic matter, perhaps the
higher temperatures and prolonged cultivation.
found on the Deccan Plateau between the 7% "
-annual isohyets, with more than 75% of the rain
monsoon (Hosking, 1935). Tropical black
regur are also found in Africa under savannd
seasonal rainfall concentration. They ha¥e
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instances, they are associated with some type of grassland
vegetation: savanna grassland within the tropics, and temperate
short grass elsewhere. Seasonal concentration of precipitation
causes the grass to grow rapidly for several months, then to die
and produce a heavy litter in a very short time. Until the next
heavy rains, when the grass is renewed, the main process is the
humification of this litter and its incorporation into the soil profile.
Grain growing on these soils causes similar processes to occur,
since the straw is often left to be ploughed in before the fallow.
The procedure with cotton differs: so there is a heavier drain on
the soil's natural humus reserves, and they may even become
depleted—as is thought to have occurred in the regur (Hosking,
1935).

Because of the strong influence of vegetation on the morphology
of chernozems and black earths, parent material is not quite so
limiting to their occurrence as it is to chocolate and shallow red
soils. However, very acid rocks do not form typical profiles,
though they may have some features which resemble chernozems
or black earths. Optimum development of chernozems and black
occurs on basic igneous rocks, such as basalt, on glacial loess
and on basic alluvium. Glacial loess, because of its wind-
transported origin, is inherently fine-grained and is also calcareous,
so semi-arid to sub-humid areas which are loess-blanketed provide
hundreds of miles of virtually uninterrupted chernozems, except in
depressed areas, where wiesenbodens are found. It is therefore
not surprising that the chernozems of the Russian Steppe were the
first to be examined. Black earths are less widespread in
Australia: the main areas are either the western slopes in which
black earths form only part of catenary successions, or the black
soil plains which, though more extensive than the slope black
earths, in no way compare with the Russian Steppe, or Central
U.S.A., or South-Central Canada.

WIESENBODENS
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th lime as they do when black ecarths and chemo-
are also associated with podzolic soils
e pnunmerial is high enough in clay to prevent
on: a common situation is podzolised soils on the

pes on siliceous rock and wiesenbodens in the valleys on
alluviom. In this case, they are far less likely to contain
the drainage water from the podzolics would not be so
. The reverse may occur where the ground-water is
‘the invading water may provide an even more
‘source of lime than the parent material of the

enboden profile from Prospect described in Fig. 10.6
with a prairie soil immediately upslope, so its lime
not particularly high. Lime has been illuviated to about
‘accumulating as both nodules and fine carth. There is

ase in clay content down the wiesenboden profile
but humus is greatest at the surface and decreases
"This soil profile seldom dries out, especially in the
 estimation of structure is difficult because the sloﬂ.
it does large proportions of montmorillonite clay,

ve. The profile overlies a series of buried soils
‘down to at least 15 feet.
are  essenti h orphic black earths,
m am srgown on world soil
r intrazonal character and restricted occur-

)WN SOILS OF HEAVY TEXTURE
soils of heavy texture* are zonal soils, With
pect to material; more limited,
or black earths. They are found in dry
heavy textured alluvium, and so 87
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or were (prior to irrigation) periodically inundated as river-
discharge is, or was, extremely erratic compared with that of
streams flowing to the east coast. Some of the alluvium on which
these soils have formed was deposited during the Pleistocene.
It has a fairly high clay component, since the greater part of its
source area contains fine-grained sedimentary rocks (such as
shales) and igneous rocks. The other major areas of these soils
in Australia are the Barkly Tableland, situated chiefly in north-
eastern Northern Territory and partly in northwestern Queens-
land, and the alluvium of the streams draining into the Gulf of
Carpentaria.

rn areas of grey and brown soils of heavy texture,
very much higher than in the southern areas:
e rain falls during the summer monsoons, when the
soils, at first fairly impermeable, are flooded, sometimes to a depth
of three feet. These are low-lying areas which provide liitle
opportunity for the water to flow away. During winter, these soils
dry out, the vegetation dies, and the salts re-distribute themselves
throughout the profile. In the southern areas, these soils are most
common in areas which receive less than 20” of rain per annum;
the rainfall, though not seasonally concentrated, is s ic.
Though northern Australia has a much higher total rainfall,
because the rain comes mainly in the summer (when evaporation
is also higher and the effectiveness of the rain is reduced), the
two environments are not too dissimilar (grey and brown soils of
heavy texture are found in areas receiving as much as 50” per

annum, but generally less than 407).

Although grey and brown soils of heavy texture are found in
arcas of higher rainfall in northern Australia, their morphology
greatly reflects the effects of the winter salts such
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Figure 10.9: Field profile description of a grey soil of heavy texture from the Riverina, New South Wales (modified
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In Fig. 10.9 a grey soil of heavy texture from the Riverina in
New South Wales is described. Note the lack of distinct horizons
—the entire solum is greyish heavy clay. The A4 horizon consists
of a thin, hard covering to the soil and makes water penetration
extremely difficult. The profile is poorly structured because the
clay is sodium-dominated and therefore dispersed; in the dry
season the clay sets almost like concrete. Experiments on water
penetration into these soils have shown that sometimes it takes
several days for water to penetrate a few centimetres. Lime and
> absent from the 4 and B horizons, but some lime

in the Bea horizon (there is hardly enough lime to
ix ca) and large quantities of gypsum are present
horizon immediately overlying the parent alluvium,
leep to become organised into solum, but still
and other salts (its pH is also about 7.5). The
is soil is related to the free soluble salts which are close
to neutral in reaction, being derived from strong acids and strong
bases .. sodium chloride and gypsum, calcium sulphate),
unlike the pH of chernozem subsoils which is related to the
presence of lime (a salt from a strong base and a weak acid,
so the pH is higher).

in the Bcs
which is t
contain

pH of

. Percentage | Percentage Total | -
Horizon Clay Soluble Salts i Total Chlorides (as NaCl)

o 46 0.045 | 0021
B 60 0.412 i 0.250

| "rhe first figure refers

Bea | 5961 | 05050845 | 0297-0.550 v the top :f ':.

s8-67 1.1760.511 0.505-0.306 orizon and the

34 T I second to the bettom
e = 27 | 0.915 0.441

Figure 10.10: Percentage clay, total soluble salfs, and chlorides
(as sodium chloride) in the grey soil of heavy
texture described in Figure 11.8 (after E. J.
Johnston).

The processes operating in_this soil (Fig. 10.9) are: clay
a.ccumu!!;tion in all horizons (Fig. 10.10 shows the clay content in
all horizons. with the exception of the hard crust, to be about
60% , compared with 27% for the underlying alluvnm:!); ﬂzhmn-
ﬁouofgypemnandsomeﬁme;andsahwcummamnmall

being hi inmeundﬂ'lyingalluviumdmnhthedur
g?ﬁl?‘.nm). Hmdoesnmfeameataﬂ'mﬂﬁsaoﬂin!hcﬁdd.
AnnlysashavcshownﬂmorganicmmerisusuaﬂylmﬂnHS*
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{ horizon and tly diminishes in the underlyin
s than 0.5% in the Bca horizon. Some brown soijs
ure contain slightly more organic matter.
il mottling is a common feature of these soils, reflecting
ic inundation and desiccation. The mineralogy of the
n also refiects these conditions—typically, the hydrous
especially illite, are featured. Because of the low '.\-‘::afhering
and presence of bases, 2:1 rather than 1:1 lattice clays
: jable quantities of 1:1 lattice clays such as
‘are more likely to be the result of inheritance than of
in situ.
| clayey parent material and the low relief, resulting in
inundation, are the two soil-forming faciors “%ich
the morphology of grey and brown soils of heavy
‘Sandy parent materials in well-drained situations form
at Soil Groups such as red-brown earths (sce Chapter
frequently form catenas with grey and brown soils of
Since these soils are found within a wide rainfall
€ iS less limiting to their occurrence than relief or
! which combine to reduce leaching effectiveness
Wetter areas (more than 30" average annual rainfall).
&Q&lﬁc nature of the rainfall is an additional factor
> the ineffective leaching. These soils, then, appear
intrazonal than zonal in character, and their I:»Efie-
rence in Australia, which has led pedologists t0
zonal, may be accounted for by the coincidental
textured alluvium over vast low-lying areas
soils of heavy
dils of texture, because of their large
elling clay, like the ;h:k earths and chemoz;ms,
Queensland) usually become jmpassable.
t 1o irrigate than black earths and cherno-
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farmers have to stock for dry spells rather than for good seasons,
In western Queensland, where these soils are most widespread,
cattle breeding is the main land-use. The plains of the grey and
brown soils of heavy texture, like the black soil plains, are
generally treeless, but low shrubs, especially salt and blue bush,
arc L]‘xil[C coOmmon.

rtant feature of all the soils considered so far in this
i, which is optimally developed in heavy textured
orillonite. Gilgai is a surface undulation, or
ting of ridges (called pufis) and depressions

A very i
chapter 1
soils high

(called s wsed by differential swelling and shrinking of
the soils. The difference in height between the puffs and shelves
may be s but is often only about 18 inches. The shelves

nle measuring a few feet in width and a foot or so
in de this is called a ‘melon-hole’. Gilgai forms distinct
patterns across paddocks. These patterns are obvious from the
air and pedologists often use air photographs to study them.
The soil profiles on the puff differ from those on the shelf where
the eluvial horizon is usually better-developed. Black earths,
chernozems and grey and brown soils of heavy texture are
particularly prone to gilgai formation, but it is also quite common
in heavy textured soils of sloping areas (such as the chocolate and
prairie soils). Water frequently remains in the melon-holes and
shelves of grey and brown soils of heavy texture long after the
puffs have dried out, further accentvating the effect of the
micro-relief.

SOILS ON LIMESTONE

Limestone and other related rocks such as marls (c;karpous
and siliceous fine-grained rocks) and dolostones dmk:m-
magnesium carbonate rocks) n:present one extreme type of parent
material offered for soil l'or:}t:f;m; L:: Juart
sandstones and quartzites, W are ¢ €
bases andday-?nrmingmincﬂl& u?‘gu:smmy;ﬂ:
formal zonal soil-forming processes s <
areas of podzolised soils theyﬁammamaldgyeysp&mg::
Mmyfomzmﬂwﬂswmmemm.p;m

AR




‘"THE LIVING SOIL

types of soils are recognised on limes

he krasnozem and lateritic soils of the hm,wuw:
ely, the role of the five factors of soil forma-
g these types is not clearly understood. In
terra rossas (from Latin, meaning red earth) are
to form; in sub-humid and semi-arid areas, rendzinas;
considerable overlap between these two. In desent
pw, lithosolic, grey, brown and red, calcareous desert

d that the relief, type of limestone, vegetation, and
weathering are similar, terra rossas form in areas of
‘than rendzinas, but if relief varies and all the other
ding climate, are similar, terra rossas form on well-
pes and rendzinas in poorly drained depressions.
2 the Ashford area of New South Wales; the profile
. 10.11 is from this area. In areas with similar
and durations of weathering, terra rossas
from harder limestones, and rendzinas form from
es such as chalks and marls. If only vegetation
rossas tend to form under forest vegetation and
: M;ni In sub-humid areas, terra rossas are
result of weathering in a previous wetter climate
. soils, while rendzinas forr:n from the weathering
me. Thus all the factors of soil formation can

ﬂﬁﬁipmﬂmkumﬁmmxmmMmmasm?*ﬁ
h higher rainfall, better drainage and fores
Most terra rossas have an acid reaction, and, aside
rock, contain no free calcium carbonate I

SOILS DOMINATED BY SILICATE CLAYS

grazed by cattle.

Vegetation and Land-use: natural grass

Location: 11 miles northwest of Ashford, on the road to Ashford
Caves north of Inverell, New South Wales.

Slope has outcropping boulders between the soil.

Slope: 4.

Parent Material and Underlying Rock: hard limestane.

Average Annual Rainfall: 30",

Drainage: good,
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Figure 10.11: Field profile description of a terra rossa in northern Mew South Wales.
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ssed earlier in this chapter. The shallow red soil described in
. 10.5 would be identical in morphology to the terra rossag
ibed in Fig. 10.11, but for one important difference: there is
horizon in the terra rossa. Most soils on limestone lack
peathering rock zones beneath their sola, which rest sharply og
" fresh limestone (see Figs. 10.11, 10.12 and 10.13). The shalloy
mﬁ described in Fig. 10.5, however, contains quite a deep
 zone of weathering basalt. Terra rossas, like shallow red soils,
) differ from krasnozems in their shallow depth and lower sesqui-
- oxide accumulation.
I The terra rossa described in Fig. 10.11 is typical of the soils
formed on the hard Palacozoic limestones found intermittently
“along the western slopes from Victoria through to Queensland.

ity

i These limestones are well-known for their caves, some of which
. are open to tourists (e.g., Buchan in Victoria, Wellington and
/ 1&1&3 South Wales, and Olsen’s near Rockhampton in
Iy L ). The landforms and soils on all these outcrops are
\ “ﬂﬂ‘. thnugh some do not contain caves (e.g., Mudgee lime-
- stone). These limestones represent the edge of the large Silurian
: covered much of central-eastern Australia. The only
0 on ‘Ihm hard limestones which does not give rise 10
Tos6as i the poorly drained creek areas, especially if the
m:ig islglllu;rinl rather than rock limestone. The SGH
d .11 grades into a greyish, heavy textured so
creeks, Ei‘hm soil resembles pgrorly dcveloged rendzinas;
difference between it and true rendzinas is the drab
“il:ldﬂ;h:t of humus in the 4 horizon. Softer more recent
same area give rise to rendzi u the one
hm; 101 giv dzinas such as
rossa shown in Fig. 10.11 is distinctly red in colour—
krasnozems. The upper few inches are };lightly darkened
ME matter, which is less than 2% in the A4 horizon and
clay illuviation is apparent
e (the A borizon
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Figure 10.12: Field profile description of a rendzina from the Darlin




g processes in terra rossas are similar to those of
L Mmpmiﬁo‘ﬂ of humus, resulting in lack
- accumulation of iron oxides throughout the
g red colours; accumulation of silicate clays in the
some illuviation to the B horizon; removal of free

carbonate, giving an acid reaction; and the complete
of alkali cations. The floaters of limestone within the

‘analogous to the floaters of basalt within the solum of
¢ Australian terra rossas are found in areas of fairly
, they are left mainly for rough grazing, in spite of
ntly natural fertility. Where they are cultivated,

on softer limestones in the wetter areas near

area of rendzinas in Australia is in the south-
Australia not far from Mt. Gambier, where they are
'Ih‘l:g limestones, o;u the drier inland side of
i€y aiso occur sporadically on the Darling Downs
and in other areas of soft limestone in eastern
-mo y contrasts greatly with that of terra
bear some similarities to black carths, but the
: h&‘“ striking than those between terra rossas

incompletely leached soils in which lime accumu-
erable leaching of lime must have occurred
large amount of silicate clay present in
| with thﬂr_parent materials which are mostly
The 2 from the Darling Downs des-

ent of a dark brown
the accumulation of humus (the A4

SOILS DOMINATED BY SILICATE CLAYS 253

silicate clay throughout the solum (no illuviation). Considerable
leaching of lime must occur to allow these other processes to
function (cf. the grey, brown, and red calcarcous desert soils in
which these processes do not function because there is insufficient
lime removal). In these respects, rendzinas are not unlike
chernozems, but their A horizons are usually not as black as
chernozems, though rendzinas also are associated with nafive
grassland vegetation. Frequently chernozems and rendzinas are
found side by side in the sub-humid to semi-arid grasslands.
On the Darling Downs, the profile described in Fig. 10.12 is
associated with black earths.

Because of their high calcium carbonate content, rendzinas are
excell soils for grapes and are used for vineyards in parts of
the famous Barossa Valley in South Australia. They are also
suitable for fodder grasses which require a lot of calcium and do

not mind an excess. Like black earths, they are very productive
soils.

In very poorly drained situations, the lower horizons of rend-
zinas may be intermittently invaded by the water table, which may
cause some mottling analogous to that in the grey and brown soils
of heavy texture. This invasion by ground waters may introduce
salts into the rendzina profile and make them less productive.
Such soils are called ground water rendzinas.

GREY, BROWN AND RED CALCAREOUS DESERT SOILS

In the strict sense, the grey, brown and red caIca\_reous desert
soils are not soils at all, for they do not contain genetically related
horizons: they are really lithosols on desert limestones. However,
some have incipient soil characteristics such as less lime in the
upper few inches. Generally, they represent disintegrated lime-
stone rubble in which little leaching has These soils are
common in the Australian Arid Region in all arcas of calcareous
rock, including calcareous sandstones and shales, as well as
limestones such as the large outcrop on the Nullarbor Plain in
southern Australia. BB B

This lack of pedological organisation is
profile from nothoiBmkenlilﬂIinNewSothalesdesctibed
in Fig. 10.13. The profile consists of a shallow, loamy, calcareous
solum, resting abruptly on fresh limestone. There is little evidence
ofanyi&uvinﬁnnoflimeasﬁmmqlatmmmqnsoﬁ
surface. Nopdsmmandmepﬂmsj,mﬁmg&e
suggestion that little ]
physical decomposition. The solum is : and there is
no evidence of humus accumulation. It appears, then, that
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The very low rainfall accounts for the lack of removal of lime
from these soils. This accumulation impedes the other processes
of soil formation. The colour of these soils is closely related to
the impurities within the limestone, which are also not removed
from the profile. Some soils are red, some grey, and others brown,
depending on the nature and presence of iron oxides.

These soils have found little use because of the very low
rainfalls. They are used mainly for rough grazing, but providing
water for the stock is a major problem.

The soils discussed in this chapter have a common process:
the accu on of silicate clays and lack of, or minimal, texture-
differentiation. They include pedalfers and pedocals, all of which
have certain limitations with respect to parent material. The next

chapter will discuss soils in which lime or salts accumulate,
that is, the soils of arid and semi-arid regions, though some of the
soils of these regions have already been considered in this chapter.
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Chapter Eleven

s Dominated by Accumulations of
Bases

Il'
CONTENTS

Red-Brown Earths

Non-Caicic Brown Earths
Solonised Brown Soils

Saline and Alkaline Soils

Poorly Differentiated Desert Soils

| ‘BASE’ n:s BEEN USED IN THIS BOOK FOR THE CATIONS

i metals (especially sodium and potassium) and alkaline
Wycduum and to a Iessgf extent magnesium).
ic cations are so mobile and readily tend to form
such as sodium chloride in the soil profile,
' removed from soils of humid areas. Non-basic
A @s iron and aluminium are less mobile and tend t©

insoluble ﬂ!ﬂlﬁ“ﬂd& such as hydrated oxides, which

wﬂ‘ dry areas or arcas of poor drainage,
S S depressions, bases are able to accumulate
i Ebm of ineffective leaching. Thus base-
llating soils occur zonally in arid and semi-arid regions and

depressed areas of more humid regions.

have in common the
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Bases accumulate in soils in two principal forms. First, they
may be found as free salts, that is, in combination with soil
anions; as free salts (e.g., sodium chloride, calcium carbonate’)
they contribute to the mineral matter of the soil. Second, they
may be found as cations adsorbed to the soil colloids, especially
in the case of silicate clays. In humid areas, hydrogm is the

yminating cation on soil colloids, but in arid and semi-arid areas,
much of the hydrogen is replaced by basic cations because they
are more highly concentrated in the soil solution. Thus the

loids of soils of dry areas are base, rather than hydrogen,
. Bases do not exist freely as salts in the soil until the
base-dominated. Once this condition is fulfilled and if
1c bases remaining unadsorbed by the colloids,
rm; that is, the presence of free salts of 2 certain
concentration in the soil of that base in excess of

d to exchange the cations on the soil colloids.
Bases Its are easily identified in the field by their white
colour, salty te and reaction to silver nitrate (see Chapter 2);

on the colloid are more difficult to detect unless their
is reflected in the soil's pH (sodium and potassium on
the colloid raise the pH above 8.5; soils with calcium-dominated
colloids usually have pH values close to 8.5), so many pedologists
analyse the soil's exchangeable cations to measure these bases.

Whether the bases exist as free salts or only as cations on the
soil colloids is vital to soil morphology, especially to soil structure.
Cations existing as free salts in the soil may have the opposite
efiect on focculation and dispersion to that which occurs with
cations dominating the soil colloids; for example, soils with
sodium-dominated colloids bu _ k Sp
and lack peds, whereas soils with free sodium salts in addition to
sodium-dominated colloids are flocculated and so_havg beﬁcr.ped
formation. Similar effects obtain with calcium: soils with calcium-
ated and well-structured, but too

dominated colloids are floccul ;
much free calcium present as salts, such as calcium carbonate,

The morphology of ; i
mlatedinmsma!lwymmenmummumnandm

‘on of bases within the profile. 'I‘herolco{t_:ases_inmemi[
:ll:;u:lﬂumcs the other soil-forming processes which might occur;

for exampie, illuviation of clay is related to the state of

decreases, and the relative unpormd_theuhumd
i.dudutheminaﬂondwﬂscfmuﬁdm-&aﬁod
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bt a8 important for some of the soils discussed.
e found in the soils of humid areas
prtant. For example, in the red-brown earths
only in the subsoil, and the surface horizons have g
with the soils of humid areas than with those of arid

s =

: : ‘requires explanation, since the terms are used di
_ ﬁlﬁmdﬂﬂ}‘ﬁﬂfs— The term salt, in chemistry, re

fie

with the

being just

baseg

m jage of the terms relating to base accumulation in fhie

rently in

. s. Tt : . L fers to any
-combination of alkali cation with acid anion (base with acid)

irrespective of whether sodium is involved. In pedology, however,

.ﬁtnn salt is more frequently associated with sodium com-

‘binations, e.g., sodium chloride, sodium

carbonat

a

sodium

The general term salty soil implies the presence of
ty soils,

‘Sodium in some form. There are two main types of
- > - 3 - . £ ] -
saline and alkaline. Saline soils contain free sodium sz

- as sodium-dominated colloids; their pH is usually no

jthe free salts are commonly neutral salts (such as sodi
contain no free sodium salts but their
“ontamn colloids ar
‘dominated: they therefore have a high pH (quite o
0.0). Both types of salty soil (saline, and alkaline

al

as well
igh, for

chloride)

which have a pH of 7. Sodic or alkaline soils. on the other hand,

Q

sodium-

n 9.5 or

r sodic)

ﬁlﬁt:iaf!i sodium to interfere with the growth of most

’h@mglcl{ly poorer (they frequently contain

; w is particularly harmful to plant

1) but physically br:&fr than alkaline soils (the free sodium

g - i er than dispersion). Both saline and

m (sodic) soils present serious problems for cultivation.
dominated

by calcium, either on the colloids

free ﬂﬂ!malas)._do not present such serious cultivation
ise calcium, besides being an essential plant
carbonate (CO;) rather than

onditions which pfeveut

Frequently, however, bases accumulate
incomplete leaching of the parent

PArent material is only one of many sources of

e
d as follows:

The origin of the bases accumulating in
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derived from some sedimentary rocks and pre-weathered materials,
bases .rnu_\'I be present (in addition to the aluminosilicate minerals )
as free salts (e.g., in calcareous shales) or as cations attached 1o
the colloidal minerals,

2. In coastal arcas, bases may be added to the upper soil
horizons directly from sea spray or swash action associated with
high waves at full tides. Invasion of coastal soil profiles by saline

iwater may add bases to the soil from the lower horizons
fall is high, these bases are soon leached, but in dry coastal
ns, they may accumulate to form very saline soils. Since
f the most soluble of all cations, it is not surprising
sea-water which builds up its salinity over the
river water which has at some time leached
files. Sea-water contributes mainly sodium to
s, but other cations are also important.
mndwaters are by no means restricted to coastal
inland groundwaters are also guite saline and
rofiles naturally, or over-irrigation may raise the
area to invade the soil profile. All irrigation
dwater contains some minerals, but the quality
re variable. The actual damage done to soils by
50 depends on the concentration of salts within the
that the same water may seriously damage one soil
her. If the water is known to be damaging to the soil
sum (CaS0;-2H.0) may be added to reduce the
amount of sodium absorbed by the soil, or the water may be
demineralised before it is applied.

3. Many bases are added to the soil annually as cyclic m_!:.
the term given to the bases added to the soil by rainwater. By its
taste and domestic use as ‘tank water’ (rainwater collected from
roofs), rainwater would appear to be low in bases. However,
small quantities of bases are present, cSPOC!ilu_\' sodium, calcium
and potassium, and, with incffective leaching, even such low
concentrations form appreciable accumulations within lhu:' soil.
In areas with an average annual rainfall of more than 157, the
accumulation of bases from cyclic salt is negligible, for leachng
removes them. But in areas wdt:a:;;ieﬁm rainfall is less than this,
the accumulation may be consi = ¢ .

Recently, in Australia, cyclic salt has received considerable

attention in the study of the soils of arid and semi-arid arcas.

¥ thcsoilascydlcsalt:sumfmly

Some undoubtedly comes from the ocean itself

(low cloud passing across the coast could collect sea slxay)'t;:
the ratios between the various bases in rainwater do not agree

the ratios in seawater. Also, the ratios between the various bases
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Figure 11.1: Cycling of bases from plants and soil into atmosphere to form cyclic salt
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in rainwater vary with the seasons, and from site to site (if the
ocean was their sole source this variation should not occur)
Hutton (1968) believes that most of the bases in rainwater aré
acquired as the rain falls through the aeolian dust and plant
remains in the atmosphere. When soils dry out, bases frequently
concentrate at or near the surface by deposition as the soil water
evaporates. Wind erosion removes these bases with the topsoil

I they become part of the aeolian dust frequently found in dry
Thus there is a cycle whereby bases rise to the soil surface
ry periods, are taken into the atmosphere by wind erosion to

e cyclic salt, and in this form are later returned to the soil
, perhaps in some other area. Rainwater illuviates
bases to the subsoil, but when the profile dries out,
¢ and the cycle is repeated. The cycle is shown in

> are several possible sources for the bases found in
areas, and, because of their mobility there is a
ance between their removal and accumulation.
depends on rainfall and site. Since bases are so
; move through the soil profile with the soil water:
wer in the soil after rain and higher in the soil in dry

, lo

also assist in the cycling of bases through the soil; for

alt-tolerant plants such as salt and blue bush return

Junts of bases to the soil surface. If such plants are caten

imals or die from drought, the bases they have returned to

the soil surface. together with their remains, may be wind eroded
and contribute to the base content of cyclic sait.

Thus bases play a very dynamic role in the soils of dry areas,
and the movement of bases through soils is perhaps the most rapid
of the soil-forming processts: a single ls,hawer of rain could
temporarily illuviate some of the desert soil’s bases and cau:e‘;cn
appreciable change in the pH, the total soluble salts, and
exchangeable cations down the profile. In humid areas, a single
shower of rain would be unlikely to cause any measurable Chmkgj::
in soil properties, such as an increase in clay content I'-}‘h
subsoil (from the clay illuviated by the rainwater) or pH. Thus,
bases. unlike other soil constituents, are very mobile, and one of
our chief concerns in this chapter is to study their n_:o\.:cmaubiz
through the soil and their replacement (natural or artificial) by
other bases and hydrogen. 21 AL gt

When studying the field profile d in this chapter, 1};::
student needs to realise that the properties relating to bases (pH.
depth, and amount of lime and gypsum) may vary from season 1o
mson,cspedallyinthcsm]sonhedeserm,mdthumﬂnm
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especially if salt removal is necessary, (
pmpenics‘

There are many Great Soil Groups that could 1
if we were to discuss all the soils of
However, to simplify our study and to de:
of the soil-forming processes, only the
considered. Polygenetic arid and semi
silcreted, deeply weathered soils, ca
brown hardpan soils, brown soils
are given more attention in Chapter
are only briefly considered here. Some of
semi-arid areas have already been discusse
dominated by silicate clays), namely the
heavy texture and the grey, brown, and
since these soils form part of succe
textured parent materials, though they
their profiles and could therefore be in
mation on the soils of arid and sem:
Chapters 10 and 12 as well as in this ¢l

The Great Soil Groups considere
earths and brown earths (zonal soils «
which lime rather than salt is more
soils (also called mallee soils, these too are
ported parent materials in wetter arid and dri
th:l succession of soils representing variou:
[8110!1_ and_ removal (solonchak, solonetz. s
solodic soils); and some of the poorly differer
(desert loams, desert sands and sierozems).

12 (i

RED-BROWN EARTHS

.R'Ed'hmwﬂ earths® are the most common soil of Australi
'a::d o sub-humid areas. In southern Australia they d
mmt:‘tn:’;:mﬂ:; 14" 1o 25” average annual isohyets,
o ey are spnrad}_caiiy distributed in arcas havin
Mdl of 20” to 35”7, Their distribution in

ving

l me $
lgﬂ.rm;;g;htw% carth is used for Australian soils which are
brown earths Tﬂosflrzaiy ;\0 American reddish-chestnut soils. Auvstralian
earth is not widely Csedmtrk_-:m chestnut soils. The name red-brown
Soil Group ﬂﬂm‘us:d outside Australia, unlike most of the Greal

which are nﬁnf (e.g., podzols, chernozems, lateritic soils,
some of the other soils -‘“E’"" countries), The terms used for
€., solonised brown wih.ug;e is chapter favour Autsralian usage
and alkatine sofls (solonc :&;‘;‘msrlh\{l the names of the saline
terms in overseas soils fitersture. solodised solonetz) are common
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require
d brown

ack of brown
huemus. The E
f the letter E is
bleaching does
ipient podzo-
h red-brown
ctured than the
the importance
t has recently been
claims that the higher
more t result of in situ
son should be labelled Bv)
on is relatively unimportant. It is probably
some clay illuviation has occurred, though it
r all the texture contrast between the eluvial

ons. Maximum clay content is in the Bt horizon

decreases with depth.
ial and Bt horizons described in Fig. 11.2 have been
f free lime. The eluvial horizons are sufficiently leached
nH values below 7, but there is still considerable calcium
lav minerals. There is usually a sharp rise in the amount
eable calcium in the B horizons, especially in the Bea
horizon in which free lime accumulates. Gypsum, being more
soluble than lime, is carried further down the profile and
accumulates beneath the Beca horizon (in the Bes horizon).
The succession of a lime accumulation overlying a gypsum
accumulation in soils is a common one (see also Fig. 11.3).
The pH of both the Bea and Bes horizons is 9, suggesting an
increase in alkali cations on the colloids.

The parent material of the profile described in Fig. 11.2 is
well-drained alluvium of the prior stream systems of the Murrum-

of excha:
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1953).

le description of a red-brown earth from the Deniboota Irrigation District, New South Wales
(modified from E. J. Johnston,

Figure 11.2: Field profi
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bidgee River (see Chapter 12). This alluvium is variable in
texture, but, being close to the prior stream itself, has a high sand
component. The red-brown earth developed from this alluvium
contrasts markedly in organisation with the alluvium: the soil is
pedal (Br horizons of red-brown earths, like the one described in
Fig. 11.2, are frequently prismatic in structure, while the under-
lying B horizons are blocky, their pedality diminishing as the C
horizon is approached) with marked eluvial and illuvial horizons,
while the parent alluvium contains bedding planes, and alters in
re relative to these planes. Lime is spasmodic in the alluvium
re i5 none in the alluvium beneath the soil described in
[.2) and is not concentrated neatly into one of the B
s as it is in the soil.

From Fig. 11.2, the processes giving rise to red-brown earih
fi 1 can be ascertained. Removal of alkali cations is fairly
until the lower B horizons, where the pH rises sharply.
earths are removed from the eluvial horizons, but free
deposited in the middle B horizon, and free gypsum in the
r B horizon: illuviation of calcium has therefore occurred.
 clay illuviation is apparent in the sharp texture contrast,
Oertel would question the importance of this. There is no
evidence for iron illuviation as the profile is red throughout.
Humus does not feature strongly in the soil-forming processes
(humus only faintly colours the 4 horizon and there is no evidence
of its illuviation to the B horizons). Red-brown earths therefore
have one process in common with podzolised soils, namely clay
illuviation. Their other processes contrast maa:kedly with those of
podzolised soils: they are not base-depleted, iron and humus are
not illuviated, and there is no surface accumulation of organic
matter. Thus a well-differentiated m profile c::; ‘bfmfonmd by

rocesses other than podzolisation laterisation; for example,
Lphe et structure, géun:.pﬁ’ ?a’;‘ifthme and
especially with res to + i
a\;cum }arocummﬁgfifmtmlw. There are usually quite sharp
boundaries between the horizons (see Fig. 1}-2)- Reé-lxm_ n
aasils 8 the most strongly differentiated soils of the
drier regions of the world.

rather low weathering intensity in red-brown earths is
reﬂiegedinmeirdaymincmloom: duylead'whedmn.lud-
i : ice clay of the hydrous mica : it is

by illite (a 2:1 lattice clay of b mﬁn

dly destroyed under weathering as intense as that cc o
sapidly kaolinite (a 1:1 lattice
podzolisation). Lesser amounts of lite g
M)mmmmwmmu&ﬂm-. :
brown earths.

N




HE LIVING SOIL

red-brown earths grade intp

r base and with more characteristics of
such as better development of an E horizon. These
earths are common along the western slopes
th Wales. Near Camden, about 45 miles west-south-
ney, resembling red-brown earths have been
This area has an average annual rainfall of 297, so the
o more leached than typical red-brown earths, and
re lime accumulation is quite low in the profile (gypsum
accumulate at all). Red-brown earths grade into desert
drier areas are encountered, rainfall being insufficient to
out the texture, structure and pH contrasts found in

‘the most common catenas associated with red-brown
skeletal soils on the upper slope: non-calcic (or
red-brown earths in which lime is either absent or
s profile, below the skeletal soils; red-brown carths
the slope; and grey or brown soils of heavy texture
drained flats on heavier-textured parent material as

grey and brown soils of heavy texture.

T sloj fairly steep, the two upper soils may

= catena, so that red-brown earths occupy the
e are grey and brown soils of heavy texture
of ¢ is found on both present and
the Riverina. The well-drained sandy
 red-brown earths and the clayey flood-
n soils of heavy texture.

B
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phosphate does not lower soil pH; thus, th slightly better

as regards plant nutrients Lhm{:) are podzommm Their H;
textured eluvial horizons make them very ible to sheet,
gully and wind erosion, so it is not surprising that they have
received a great deal of attention from soil conservationists.

NON-CALCIC BROWN EARTHS

These soils resemble the non-calcic (transitional) red-brown
earths except that red colours are either lacking or subdued by the
h us content. They generally lack an £ horizon, and
neither free lime nor gypsum accumulate within their
are less common in Australian than red-brown earths, but
juite. common in North America where they are called

t soills. An analogy may be made here with the low

>y of brown podzolics in Australia compared with North
An 1. The reasons for the analogous situations with these two
Gre oil Groups could be similar—Australian ion is mot
conducive to the type of litter found in brown podzolics and
chestnut soils (brown earths).

Brown earths usually contain a single loamy 4 horizon less than
8 inches thick over a clayey, nutty—structmed _B horizon up to
12 inches deep. Organic matter is maximum in the 4 horizon
and imparts a brownish colour, the B horizon being reddish-
brown. Lime is removed from the solum but may be found in the
C horizon.

The lack of redness, and the high humus content of brown
earths suggest that they form in cooler climates than red—hrm
carths; in some cases this appears to be so, for they mﬂ";:;‘?f
drier eastern parts of Tasmania, in areas receiving less

infall. However, they are recognised elsewhere
average annual rainf: , they : Mg
in Australia, even in Queensland, on intermediate to

urrences. In properties they
ﬁ—bmwnmrﬂlsandbmwnpom
Lheformerandless}eacbedzhanthelm.
SOLONISED BROWN SOILS TR 3
, 8 g ke _ sols) >
mmm(mmmmm s
Mhmﬁlhlmﬂ:mls average annual m :
sometimes as high as 17” and _m.ﬁm

h

|
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Figure 11.3: Field profile description of a\:NS?'nonised brown soil (mallee soil), north of Broken Hill, New South
ales.
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alluvial accession cannot be precluded (the profile on slate
described in Fig. 11.3 undoubtedly contains some

material from the quartz stones scattered on the surface of the
soil).

Solonised brown soils vary greatly in i i
especially on the texture of'thgg parv:n)r t ngméum
contain a very high concentration of carbonates (calcium car-
bonate with lesser amounts of magnesium carbonate) usually from
one to two feet below the surface. In some solonised brown soils,
clay illuviation has occurred and there is some texture change
above the lime horizon. High pH values in the lower horizons are
a common feature of these soils (hence the term solonised in their
name). The pH of the upper horizons is usually alkaline and the
subsoil strongly alkaline (the pH values of the soil described in
Fig. 11.3 can be considered typical) because sodium features
strongly on the colloids. Organic matter is very low and plays
little part in soil formation.

Some solonised brown soils, such as the one described in Fig.
11.3, contain appreciable lime throughout their profile, but others
contain little or no lime in the upper horizons, all of it being
illuviated to the K and lower horizons. The nature of the lime
accumulations is also variable, but is usually greatest at the top of
the K horizon, decreasing in the lower horizons. Some K horizons
consist of cemented nodules, whereas others consist of hardpans of
massive lime, as in the soil described in Fig. 11.3. Gypsum may
accumulate in the lowest solum horizon before the C horizon
(see Fig. 11.3). In Fig. 11.3, solonisation? is maximum in !hc K
and Bea horizons and decreases on either side of these horizons.
All the horizons contain more than 5% lime, except for the C
horizon. A thin crust develops on top of this soil and there is a
sharp junction between the 42 and K horizons; these features
occur in most solonised brown soils.

The amount of carbonate accumulating in solonised brown soils
is extremely high (55% in the soil described in Fig. 11.3)
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- le to wind crosion, probably after the lime has been
them into the K horizon. Thus recurrent accessions

of material concentrate the lime lower in the

jon of the lime accumulation is that
jted fluvially in areas of internal drainage,
formation has since re-distributed it. A third explanation
applies to solonised brown soils on the lee-side of playas
‘the lime and salt accession is carried by the prevailing
TC . This explanation seems to account for
mgﬂy:dmm in scgonistd brown soils in Western

The main area of solonised brown soils in Australia is in south-
: | New South Wales, northwestern Victoria and eastern
¢ ‘South Australia, covering the lower Murray - Darling Basins.
4 r.w areas border the Nullarbor Plain and occur spasmodically
- inoson South Australia. Much smaller areas are found in
sstern Australia. Thus, these soils are confined to southern
ia between the 8” and 177 average annual isohyets.
are associated with mallee vegetation. especially in New
Wales. The mallee tree is a eucalypt which grows much
r than other trees in neighbouring low rainfall areas. It
itains a large bole beneath the soil to store water for dry periods
| is extremely tolerant of the high lime and sodium content of

mised brown soils. The mallee tree is often the only

on found in areas of this soil; grasses, aside from tussock,

(usually scarce. In their natural state, areas of solonised brown
Dils offer little for either cultivation or grazing. The mallee trees
O be cleared, and removal of the bole is extremely
some farms, the bole has been left and the
). Some solonised brown soils are too

o 12” average annual rainfall) these
sheep grazing. In the Murray Valley they are
grapes and lucerne, but salting in’ the lower

2 AND ALKALINE SOILS
affected by excess sodium jons in their
be considered as alkaline soils;
horizon) is the most spectacular
EY: 50 they are treated as a separate

SOILS DOMINATED BY ACCUMU—LATIONS OF -

group rtather than included with the s )
Similarly, the grey and brown soils of heavy lll:xn;.:mm here
included as saline or alkaline soils could also be

The succession of soils considered in this sect;
solonetz, solodised solonetz and solodic) iﬂwmigl?mh delicate

balance between salt accumulation and salt removal the
processes of soil formation, in particular, leaching, th salt
accession exceeds leaching, salt accumulates more rapidly than it
can be removed, and saline soils are the result. Wy'hm the
accumulation is so great that other profile features are hi
the soil is called a solonchak (which s a saline soil). But when
salt accession is fairly strong, and the soil-forming processes have
ct on accumulation (such as illuviating the free salts to
the lower profile), and the other processes of soil formation are
t hid the soil is then called a solonetz. A stage further in
¢ between soil formation and salt accumulation leads to
sed solonetz, in which the salt is redistributed through
and other soil-forming leave marked effects
rofile. The final stage leads to solodic soils in which most
t is removed by leaching and the profile is strongly
d by the other soil-forming processes. Both solonetz
and s d solonetz may be called alkaline soils, but solodic
soils are very like podzolic soils in their properties.

some c¢f

SOLONCHAKS

In America, solonchaks are called Whit? alkali soils bbﬁg
excess free sodium salts colour them white, estaIly_ m:heir
surface, where crusts usually form. These soils attain o
maximum development in periodically inundated w‘;?"[ N
low rainfalls such as the lowlands around the Gulf mcmm?mm’m
and in desert salt pans or playas which mf;rmm iohs salt
Australia. In these instances, salf accession development aside
removal by leaching and there iS little profile the surface, @
from a marked concentration of salt at or mear © shiny from
b : :on. The crust is usually quite shiny
consequence of evaporation. The CrvSE™ >~ o
the sodium (or halite) crystals. A thin h"‘m‘mmmm:
clay is frequently found below the crust. sodium-saturation;

puffy character from the dispersion caused by e
but if excess free sodium salts are grgmi- Wg
may occur. Solonchﬁ asiﬁ?:‘:fe “:lgrmed coastal Wmmm
and playas as described 2

becal.lic ‘in their profiles there ‘is little cg:l:: ;7“ : .
processes, other than salinisation (ﬂwme i accession
of salt and its accumulation within Mwﬂlm :
chaks consist essentially of a salt crust horizon
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,. perent material, which also is usually salty or

: may cause any soil profile to’' degenerate into a
Salinisation is essentially the domination of sait
.over leaching and soil formation, either temporarily
' period. Natural changes in drainage or climate,
n's poor m ent of the land may induce salinisation
type of soil profile, causing degeneration into a solonchak.
h cases some of the original profile characteristics usually
beneath the salt accumulation and the soil is called a
¢ solonchak, a polygenetic soil. In Western Australia,
of the native vegetation from the hills of dry areas,
_subsequent cultivation, has initiated a redistribution
salts along catenas, resulting in increased deposition on
es and alluvial flats, to form solonchaks. This has
8§ er-slope lands unfit for cultivation, and they will
'S0 until the excess salts have been removed; that is, until
ased the salmisation, de-salinises the soil. Unwise
| has formed solonchaks in many depressions in the
where the water table has been raised to a dangerous
45 poor. This applies especially to the grey and

of heavy texture which have a high capillary fringe:
ed to the surface, mass evaporation of the salty
imngation-water leaves salt deposits at or near the

id secondary solonchaks are saline soils and are

Hd:ry their salt crusts, their close to neutral
iCc Of vegetation (excepting the most salt-
such as salt bush). Saline soils have been
ed for cultivation. The reclamation procedure
ly ﬁtm«mdnmd solonisation which turns the

o 5
ISt have to be leached by repeated irrigations.
Y sodium-dominated, hgigh pH
tvation. The next step is to replace the
2 catio is not toxic to plant
es better structure development. The
cation is available in commercial
: - BYPp! (CaSO,:2H.0). If the
xs?hggm, the results arot;
and sodium carbonate forms in the

2 basic salt (the salt of a weak acid

SOILS DOMINATED BY ACCUMULATIONS OF BAsgs o

and strong base), has a pH of 10 and lime j :
soluble at such a high pH value; mcmf:m’mll{ew Sparingly
reaction slows down to a negligible rate, and the soil is left
worse state than before the lime was added. Its PH being hmla
rather than about 9, cultivation at such high pH values would be
unsuccessful: sodium would still dominate the colloid, so there
would be little improvement in soil structure,

Reclamation by the addition of gypsum, however, is
successful, for the solubility of gypsum is less sensitive to pH than
is that of lime. When gypsum is added, the sodium on the clay is
still replaced by calcium, but this time sodium sulphate, a neutral
salt (the salt of a strong acid and a strong base), forms in the soil
as shown in the simplified equation:
phate maintains the soil pH close to 7 until the
replacem ion has proceeded sufficiently for calcium to
dominate the colloid, with the related marked structure improve-
ment. The final step is to leach the soluble sodium sulphate from
the soil by repeated irrigations. This procedure has been
successfully used on saline soils in the Riverina, especially on
those damaged by over-irrigation during the early history of nice
cultivation. It results in a well-flocculated soil with pH close 108,
though the general lack of organic matter means that natusal
reserves of nitrogen and phosphorus are low.

The sodium

SOLONETZ g 5

Solonetz soils also contain enough sodium to interfere gﬂhﬁ
growth, but the sodium is mainly adsorbed onto the snsm
rather than existing as free salts (cf. solanchakS)-am i
although not as chemically poor as solonchaks, Socoieit
physically because they arc dispersed manifests itself in the
Dispersion induces a puffy character which of
round-topped domed columnar structure SO {some columns
solonetz. The cracks between these large natural phmﬂ
are 18 inches across) provide the m% difficult. The
these soils, so water penetration is within the columns
columns and the secondary blocky % profile, so they do
are quite unstable when removed 0% U8 & e coif aggregates.
not constitute peds in the true : mmcﬁlﬁ #

The sides of the columns in are termed
illuviated humus, so in America these soils aFe S8

In Fig. 11.4, a typical solonetz froM 9% % sm domi
It has a high pH in the B ' in the cluvial horiZe
of the colloids; and the lower P& P
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file description of a solonetz soil from

Figure 11.4: Field pro
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sugpesting sodium has been mostly eluvi '

have been illuviated to the B hggmm 1&:;‘3;:1 Eypsum
together rather than in the usual order of lime deposited
A fairly thin lighter textured A horizon has w"’""‘m
leaching is insufficient to form a proper E horizon, The E hort
occurs only sporadically, at favourable locations, and is ﬂmmla
than one inch thick. The Bh, f horizon is coloured by the illuvi
humus and contains the characteristic domed columns, It :
considerably more clay than the A horizon, su 'mdzy
illuviation. The Bea, ¢s horizon is also higher in clay than the A
and C horizons as the following analyses indicate:

Horizon Percentage clay
A 12.7
Bh, t 33.6
Bca, cs 233
@ 19.8

nadian example was selected to illustrate the solonetz
.cause true solonetz with neutral eluvial horizons and
ssoils are rare in Australia (partly solodised solonetz
with weakly acid eluvial horizons are more common). As in the
red-brown earths, some Australian pedologsts discount  the
importance of clay illuviation in the formaton of solonetz and,
instead, stress differential weathering_mrh somedmdfisy
in the eluyial horizons, and layering of the parent materials.
However, some illuviation of clay probably does occur. b1 1
_ In solonetz, then, profile differentiation 15 mgruete:d'm the
in solonchaks. Not only are the salts redistri i chyﬂ""“@m
profile and some of them removed completely, but €% of con-
i dluviated. However, eluviation
lime and gypsum are illuviated. : i
stituents from the upper horizons is ot I Themgmﬂ'!l“@
horizon to develop (cfﬁmmlmu). e =
these processes which lonisation is &0
form E solonetz is solonisation; the of
alkaline (sodic, or non-saline alkail) = o fiesh
Solonetz may develop by ”‘m.""“""bm; such solonetz have
such as alluvium, loess Of Wﬂm‘m 553 described in Fig. 114
relatively simple profiles like d WM rac W
However, any type of soil can "-_“d‘? g2y W‘W
solonisation, that is, by salt accession Gﬂl"’"‘d m_
the profile. Such solonetz have E;':’gm, soil; Mlﬂw“
guished by relict propertes Of ¢ Moy hing (nafirit S0 2Hyy
polygenetic soils. An increase wamwm .
induced) can a : 1 to Downes’ theory)-
where this is discussed in relation
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re found in conditions more favourable to leaching
al are therefore likely to be found in wetter
or in better-drained positions than solonchaks with which
‘ma ‘N associated in ?:am The soils discussed in this
nay occur in catenary succession as follows:

R solodised solonetz
- solonetz
s “one solonchak
. .y dry areas, solonchaks may form the lowest member of
na, but in wetter areas, solonetz are found in this position,
solodised solonetz on the better-drained slopes.
Solonetz soils, in their natural state, are used for grazing, but
e ing capacity is low because of their sparse, salt-tolerant
A %il:a solonchaks, they are, usually, first reclaimed
example, by irrigation and the addition of gypsum) before
be cultivated. The addition of sulphur or
‘acid has also been tried successfully to replace the
inating sodium, and lower the pH of these soils.
~ SOLODISED SOLONETZ AND SOLODICS
tw leaching, relative to salt accumulation, not only
<X noves the excess free salts from the profile, but replaces some
' bases (especially sodium) attached to the soil colloids by
at the same time lowering the pH of the soil, especially
h where replacement is greatest. Concomitant
¢ removal, a profile differentiation takes piace which is
lan in solonetz: an E horizon develops, lime and
are illuviated more deeply and there is a strong texture
the eluvial andmgehoﬁzons. The processes
_ n: processes are capable of
® solonetz into an acid podzolic soi!.pAt the
: only some of the bases on the colloid
the soil is called a solodised solonetz.
been replaced by hydrogen, and the
L & solonetz, the soil is called a
. Solodics usually have a lower

solodics with solodised
' difference lies in the structure of the
lhem blocky in the latter). They

-more Jeached soils, here called
to distinguish between solod and
more traditional use of these terms

SOILS DOMINATED BRY ACCUMULATIONS OF BASES 7

and pine woodland.

Vegetation: bimble box

Location: 36 miles from Coanamble along the road to Pilliga.

, New South Wales (after Downes

and Sleeman, 1955).
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M“J‘ Field profile description of a solodised solonetz soil near Coonamble.
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Jeveloped E horizon, sharper boundary between the E
‘horizons, deepe: ing, and less lime in the lower part
the profile than solodised solonetz, although all these differences

-g always present when comparing any two profiles.

Fis. 115 a solodised solonetz from the western slopes of
South Wales is described. There is a much lower
sase content with the solonetz described in Fig. 11.4
which has higher pH values, and the free lime and gypsum are
much higher in the profile. Gypsum is absent from the solodised
~ solonetz and very little lime is found in the Bg, ¢ horizon (not even
. enough to raise the pH to 8.5, the usual pH associated with free
& fime). The following analyses indicate the strong texture contrast
~ between the horizons in the soil described in Fig. 11.5:

[

base

i

5! Horizon Percentage clay
\ 14
AE 12
E 8
Bt 33
Bg, t 37
M are three cluvial horizons in this profile: a transitional
AE horizon, more like the 4 than the E horizon, lies between the
- A and bleached E horizons.
'  The processes forming solodised solonetz are similar to those
forming solonetz, but their intensity is greater and there is
considerable replacement of bases by hydrogen on the soil colloids.
~ Thus, sluviation of lime and clay are marked, gypsum is com-
" & removed from the profile and there is some evidence of
T B ﬂll\mﬁnu (ng‘sees solodised solonetz usually have more
- marked mm’ﬂﬁﬂg to humus illuviation than this profile).
y tion, especially of clay, in the AE and E horizons is quite
M_' mn Am solodised solonetz were regarded
soils, but it is now recognised that they can form
fresh parent material. The profile described
an example. The main requirement is that
andbsa}t removal is such that
4 profile, but the colloids, especially
contain appreciable bases, and lir?*leec may
lower profile. Although solonetz profiles
b Starting et for s&lodisaﬁm, similar results
2 rough the solonetz stage.
St h::mmm are still believed to
- have been salinised and de-salinised.
' associated environmental changes are dis-
Chapter 12 (relict soils).

SOILS DOMINATED BY ACCUMULATIONS OF BASES -

sclerophyll woodland: Improved pastures

v and Land-use:

‘,&.\
]
>

Location: 1 mile northeast of Glenlee about 40 miles southwest of
Sydney.

Slope: flar

Parent Matorial and Underlying Rock: greywacke.

sl Rainfall; 27"

Average Annu

Drainage: fairly poor.
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Figure 11.6: Field profile description of a solodic soil southwest of Sydney, New South Wales (after Walker, 1961).




solonetz req!u're er leaching conditions than
Solodised iti can arib::tf:om higher rainfall, or h:-::_;r
mm %msﬁlﬁsed solonetz are widcsprcad i‘:; t.-\.l_‘.r[]'&iiu
. s ” ual isohyets. heir most
m ﬂt oo ils‘e &edmgiencﬁdumnaf structure in the
WS mwmkhp’ acid pH in the upper Fr_oﬁ]c L'x:ﬂ-.! u:-fak!;i
Wmsm lower profile, and absence of lime excepting in
R one b8 i h solodised
Solodics iri stronger leaching than solodised
solonetz, are fmglh:vgne of pE)dZOii.S«cd soils. Their previous
history of salinisation and de-salinisation was advanced
possible ion for their greater der?;l; o]z_ weathering
are usually deeper than neighbouring zolics, even
::m) thgll' iar domed %glunmar structure, and th
l[ﬂn—l;llal amounts of bases on the colloids of the lower
They are always considered to be polygenetic soils, bt
here (as well as in Chapter 12) to complete the succession
processes involving salty soils. o
- Solodics areh:tfre completely solodised than solodised solonetz;
- that s, the processes of solodisation are greatest in solodics.
solodic (not a very typical one) from the ?}Uncy area is descri
in Fig. 11.6. There is an acid pH throughout the profile
pH is not quite as low as that of neighbouring podz
domed columnar structure of this solodic is well-preser :
not always the case, for this structure often degenerates to blocky
structure associated with hydrogen-dominated colloids. Although
some lime concretions are found in the lower horizons of this

as a
(they

; this is

OEgAmC matier is greatest near the surface and decreases very
much with depth. However, an additional process, not usually
found in solodised solonetz, occurs in this soil, namely, illuviation
ofiron (from analyses, the B horizons contain twice as much iron
88 the A horizons). This profile is not well-drained, so the B
‘orizons are mottled with drab greys and yellows. The A and E
‘horizons in this profile are not as well-developed as those of
solodics found on the western slopes of New South Wales, where
. -ﬂhﬂmmhbuptodghtmchw deep.
. Aicate | between salt accumulation and salt
gives rise to the four soils (solonchak, solonetz,
> and solodics) d in this section is illus-
The horizon complexity clearly increases as
and salt accumulation decreases. This diagram
o be Soletyasthes;agesinthcgencsisof

i
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e though thi i of the interpretation intended.
wﬂm %iiolod:sed solonclzrpmay florml mono-
= by the processes of salinisation, solonisation and
ively, but solodisation involvcis both saiill:‘;?‘.imiun
. and solonisation as well as additional leaching; solonisation
T fm salinisation with additional leaching.
. Solodised solonetz and solodics present cultivation problems
similar to those encountered on the podzolics, excepting that their
pH is higher; so the problem of low availability of nutrients,
by idity, is not as acute. However, 1n Australia,
 these soils tend to have low nitrogen and phosphorus reserves and
trace elements. In addition to these chemical
the structure of their eluvial horizons is very poor,
50 on drying they set quite hard, making moisture penetration,

3
g

‘when it rains again, more difficult.
" POORLY DIFFERENTIATED DESERT SOILS

: [ k - M jc desert soils tend to have very poorly diff
" profiles. It is not surprising that these soils are less common Lh:
i X ones, because erosion and deposition are much slowe
1 areas than in humid areas, and, moreover, desert soils
‘remained fairly undisturbed for thousands of years. In
it has been found that very few desert soils develop
-  from the underlying rock. Profiles which approximate this
| m quite often strewn with quartz and other resistant
- stones quite unrelated to the t material, and this suggests a
L= ‘mm history of ition and removal of material.
g rﬁum of Australian desert arcas have quite strongly differen-
: m because of their polygenetic history: these soils are
. o iﬂ Chapter 12 and the remainder of this chapter is
- 1o the so-called monogenetic soils of desert areas.
conditions giving rise to solonchaks are not widespread in
' in other words, playas represent only a small
More widespread in the desert are areas of
sloping terrain with internal drainage, or little surface run-
i , Tain-storms, although infrequent, are usually
of leaching soluble constituents to lower
profile. Removal of bases from the whole
-‘15;? developed and there is usually considerable
4l in %ﬁ% ‘;‘;“ﬁ" with the soil colloids
el desert (areas with an
rainfall of less than 10"), then, are not uniike the

ed soils of semi-arid areas (areas with erage
107 to 20”) because mwl o
. % e rt rains fall in

SOILS DOMINATED BY ACCUMULATIONS OF BASES
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iaining monogenetic desert soils 1 be divi :

s :\,ccnr.d.ing o texture; dcst:'tb 1‘3)1:1::15'3;'}(1?::\;1“]&{1 in?o
> i}:_.E:‘.T‘.[H_I.-;"S of silt and clay, and desert sand wl-l[{ﬁn
v little, if any, silt and c!a:}'. In hot deserts SI:u::“(thhj':tl
e ly r-.-(_i__in colour throughout their‘ pml‘;]re(.:,f
and aridity, iron is oxidised very soon after ii
 from aluminosilicate min'erals; there is
iron to move through the soil profile
itic soﬂ\r and there is little water
oxides to form the yellowish-coloured
is lacking, soil colour, then, is
ron oxides. The actual percentage
small, especially in the desert sands,
ur is produced.

two g
appreci

contain ¥

ture contrast occurs between the A
7 very slight as clay illuviation is
soils. The A horizon of desert
to clayey, and granular or blocky in
lose to or just above neutral, “The
mble that of solonetz, that is, it may
inar structure and quite high pH. The
and Bes) contain accumulations of lime
sometimes other free salts such as sodium

] 1IEX

s in Australia are found on fine textured parent
s with an average annual rainfall of 5” to 10
mon on alluvium and fine-grained sedimentary rocks
soil-forming processes are the
illuviation of bases, with the associated effects on soil structure.
The soil surface is frequently covered by a mantle of resistant
stones (quartz cxpcci;;ll\?i which remain as desert pavement (reg)
after some of the surface soil has been deflated or water-eroded

after heavy rains. vered.
About one-third of Australia’s desert area is sand-co

Some of this sand forms active dunes; however, many doﬁf crtthc iit:ﬁ
have been stabilised by vegetation, and even in the Osﬂm
this occurs, soil profile formation follows. The dunes are mostiy
siliceous sands, the red colour coming from very B 90\8!1119
on the quartz grains. Because leaching is S0 ineffecti gveel;;mpk-
areas, profile differentiation is not very e % QJ” surface
is usually illuviated to a few inches or 2 e w(i-ﬂ"

where the profile tends to become i com[;:f-" meabil
massive rather than apedal single grain iy

of the sands facilitates base removal, s the pH jated to quite
that of desert loams, and free sodium salts are illuvi

The dominating
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ﬁg pnlo, and some are completely removed.
ich contain very little profile development, may be

coastal sand dunes, horizon differentiation is
for a depﬂa of several feet, and even the resistant
such as iron oxides, are illuviated leaving a deep E

as iron
the podzol profile (see Chapter 8). Such differen-
- possible under

b in desert sand dunes contrast very
u mm in coastal sand dunes in
1In coastal

: the low rainfalls of desert areas,
‘the parent material offers similar susceptibility to leaching.

ert sand are found in the main dune areas of the
n desert, such as the Simpson Desert south of the

i and in northern Western Australia. Like the

t loams, their land-use is limited to grazing, with a very low
capacity because of the scanty vegetation and mk of
over-grazed, both of these soils are susceptible to damage

“water erosion.

and desert sands are both red soils found mainly
erts such as the Australian desert. In cooler deserts,
ﬁ‘ Central Asian, Patagonian, and northern U. S.-
‘deserts, the lower temperatures inhibit the rapid
d ilul and consequent formation of red iron oxides,
2 soils lack the prominent red colours found in soils
. Aside from this difference, the soils are similar:
base removal and distribution through the profile
weak clay illuviation. Soil colour is “dominated by
minerals and salts, rather than by the iron
mmwmmmanwd If humus is
e cooler conditions lower its rate of destruction), the
‘brownish in the surface horizons, becoming grey of
b depth. Such soils are called sierozems or grey desert
mwdmAmalmbecmsse there are
m profiles similar to American sierozems
nt parent materials within areas of desert
Nﬂlﬂmummﬂmfor them (se€

,l.

713

sands, the zonal soils of the Auﬂﬁl“‘”
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Relict Soils in Australia

CONTENTS
Tertiary Relict Soils
Soils of the Riverine Plain
Soils of the Recent Arid Period

N CHAPTER 5 IT WAS POINTED OUT THAT NOT ALL SOILS D
from the first stages of soil formation to the mature profile, und
a constant environment. Climate in the immediate past (right
back to the Tertiary) has fluctuated markedly, and erosion and
deposition have been active in response to these fluctuations an
) changes in base level. Some of Australia’s previous
were very different from the present climates, especially g
the Tertiary and Pleistocene when parts of Australia were hotter
" and wetter, and cooler and wetter respectively, than anywhere in
. Australia to-day. It is therefore not surprising that some of
Australia’s very old soils differ markedly in morphology from their
younger neighbours. Soils whose morphologies are not entirely
explicable in terms of their present environment are called relict
joils, fossil soils or palacosols. The term relict soils is used in this
;ﬂm continent contains relict soils which reflect its climatic
id geomorphic history. In Northern Europe and North America,
most widely studied relict soils are wlapfed to the Pleistocene
: these provided morainic and loessial materials which
d soil profiles in stable phases within and following the
The glaciations destroyed the pre-Pleistocene land-
soils. In Australia, on the other hand, the effects of
: ions are limited to western and central
and the Monaro region; elsewhere, the Pleistocenc
68 were characterised by increased rainfall (they are
as the ‘Pleistocene pluvials’), and the interglacials by
conditions.

8

:

of Australia was unaffected by ice during the
relict of the Tertiary are more widespread than
> or North America. For reasons of space.
sion of relict soils is restricted to examples

RELICT SOILS IN AUSTRALIA

87
from Australia; quite a different pattern would emerge soils
of a glaciated continent were examined. There is Mm{[ e
to t zc;jnm-chmnnlogy, which is the study of soil ;um::l;:;

Icanic ash deposits; for obvious reasons there is i
¢ for this study in Awvstralia, but New Zaa’lam 05251:-;‘:;

ict soils cannot reflect every fluctuation in
those which brought about less intense weather:

: tion, because subsequent processes have
of earlier environment. One would there-
5, resulting from weathering more intense
¢ more common than relict soils resulting
se than the present. Thus soil evidence
s is largely obliterated by leaching in
es, and the older the soil the greater the
tion by the later environments.

limates are most clearly expressed in the
- the Tertiary sub-tropical climate, the
1 arid phases, and the Recent arid climate.
relict soil profiles were formed during the
ensity and depth of weathering was greater
¢ e since. Tertiary relict soils are best preserved
rts of Australia, where the rate of erosion of the old
» much slower than in humid areas. As there is
iterature on Tertiary relict soils in Australia, the
these soils in this chapter can proceed by a study
of some specific examples rather than through 2
review. Students interested in a more comprehensive COVErage
should consult the references at the end of the chapter. o
To illustrate the effects of climatic fluctuation on
morphology during and after the Pleistocene, th" soils Of. tbf
Riverine Plain may be studied. This area has received min ’“lﬂ.
able attention since 1950 and many detailed studies s
stratigraphy are available. The soil succession has d successions o
alluvial and aeolian parent material Similar periodic of eastern
of soils are found all along the western slopes mﬁ'g}: these have
Australia, but, with the exception of the @mem 1o the
received little attention. We shall limit OUf
Riverine Plain. i the
There is;zgooddea]ofsoilﬂidmof“q mmm
Recent. This is suggested mainl y by the solodic
considered in Chapter 11. Here, W€
the processes of salinisation and
climatic change.

in the arid
profiles is
now com
examination ¢
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chapter is divided into three sections: Tertiary relict soils,
ﬂ‘ih:f the Riverine Plain, and soils of the Recent arid period,
Each of these demonstrates the effect that a previous environment
has on soil formation. Most of the publications referred tc
these three examples of relict soils have appeared in the past ten
though the theoretical concepts are very much older, ¢
in Chapter 5. Since a great deal of work is in

|

in the three ficlds, especially in the field of Tertiary relict sois,
the ideas presented here are only tentative.

TERTIARY RELICT SOILS
It is well recognised that Australia, during Tertiary i
jenced a much hotter and wetter climate than I
chmate. The mainland probably had tropical and sub-t
climates, rather like the equatorial and savanna
\ climates of the present inter-tropical areas. Relief over the whole
- eontinent was much more subdued than it is now, for the Eastern
Highlands had not then been elevated. These conditis
and climate did not prevail for the first time during the Te
geological evidence suggests that before the Tertiary ther
several episodes of hot, wet conditions on the Aust
land. However, most soils relating to these earlier ef
‘- been obliterated by subsequent erosion, with the exce
|
;

of some of the Mesozoic soils, remnants of which
parts of the Australian desert. Elsewhere, the pre-Te
surfaces have been denuded and Tertiary relict soils are
Soils still in existence. Deeply weathered soils outside tropical
Australia, and some of the soils within tropical Australia, are
generally ascribed to the Tertiary and wsually form the oldest
landsurface remaining. j

It seems that for most of the Tertiary the climate was both
hotter and wetter than the present climate, although few workers
agree on which part of the Tertiary was hottest and wettest and
therefore had the greatest intensity of weathering. There is con-
ﬂdmhledasp?e ov‘c; ot;;: a%; of the deeply weathered profiles.
M_ wrters (e.g., ough, 1927) suggested a Miocene age
kﬁd&ﬁyweammd profiles and meirgﬁmdsurfaces. but later
workers favour an earlier date. Dury, Langford-Smith and
McDougall ( 1967? suggest that the deeply weathered soils are at
as old as Oligocene and perhaps considerably older: their
Supported by potassium-argon datings. Tt is quite
sible that the deeply weathered profiles could differ in age,
i suitable conditions for their formation prevailed through the

oldest

&
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;ar.r1._L:n_ur_:'._~; pz_rss:[ﬂ_\' prevailed for g great
g the Tertiary, so far only ope deeply
-.}ms been identified with certainty pif,
y one major episode of deep weathering
y l_»;-;_'l_:rrc_d over a very long time, TﬁJe
X ‘.l.‘lu-;h. in parts of central Australia
ped by an mdurated horizon, called
duro, to make hard or harden). The
ISt varies across Australia: it is lateritic
oxides) and bauxitic (rich in hydrated
er, coastal areas, and siliceous
nd areas.
ly applied only to the hard
ceply weathered soil profiles.
ire not always associated with
these horizons are osually not
ccording to their compoéilion.
by silica enrichment, whether or

not weathered soil profile: some
siler eas others are not. Similarly,
rated horizon (laterite is the
tern i with deeply weathered soil profiles,

duricrusts). Calcrete is a calcium
i horizon: calcrete is not usually
weathered soil profiles.
ision has arisen through relating silcretes
s of laterisation’ without regard for their
weathered soil profiles. For this reason,
| there were several ‘periods of laterisation
Tertiary landsurfaces (e.g., Hallsworth and
hese cases, indurated horizons alone provide
: nd there appears to be only one deeply weathered
landsurface capped by duricrust. {
Ferricretes L.L.d silcretes, very similar in propertics to those
cappi ? d soil 1 ie.. actual duricrusts),
capping deeply weathered soil profiles (ie., rimesit
may form in many ways which are unrelated to deep ‘:f; chering
This was especially so during the Tertiary when hl%:l!wn e,

intensity caused a great deal of mobility Of.m,m- mobile. 1n
under low weathering intensities, arc falr:,}f !1\?;“" South Wales
Inverell area of the northwestern slopes

: Jargely on the
two ‘periods of laterisation’ have beent dagvn;rdk'm in the ared

basis of ferricretes between basalt flows. the earlier
(e.g., Hallsworth and Costin, 1953) dmmﬂ g::\lred over the
basalts were laterised, and then Dewer basal s

iti i re also
lateritic profiles, and some of these it turn we
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ion of the area revealed only one deeply weathered
nd the so-called laterites between the basalts were bole;
soil on the underlying flow baked and enriched with
he overlying flow.
el bole horizons are not restricted to basalt: soils on granite
o similar characteristics when basalt flows over them.
eGarity and Munns (1959) recognised bole in basalts in the
s area and noted that it weathered to a krasnozem soil
though the rainfall is less than 55” per annum (which is the
needed to form krasnozems from basalt). These krasno-
" zems are therefore not relict soils, for they are products of the
 current cycle of weathering, even though their parent material was
once a soil before being ‘metamorphosed’ by the overlying flow to
form bole. MeGarity and Munns used the term ‘Minyon bole’ for

i

- Boles are common between basalt flows in the Inverell

4 area. They are rarely more than 8-10 feet thick, but as they
& outcrop on hillslopes, lateral movement makes them appear
 fthicker than they really are. Fig, 12.1 shows two bole outcrops
along a hillslope of three flows, north of Inverell. Note how the

brown soil
with no
iransiong
grave
\
reddish chocolate 5
s0il with much
ironstone prave! e
3 g e

.
T e e S N T ]
e e e i

bosolt

k= ranred bale separating

basalt f

& e s Doulders cf boie
lying on surf

irgnstane gravel

P
e in soi

or usreﬁ\pamﬁng basalt flows along
’ of Inverell, New South

boulders of bole have rolled downslope. The soil downslope from

the bole is redder than soil upslope from the :
weathered ironstone in the upper horizons, bole, and contains

The confusion between laterite and bole is increased by their
similarity in the hand specimen: both may be massive, ::ysxcu]a;
or nodular; both are reddish in colour; and both when fresh
so hard that a hammer is needed to break them. T b:tr;
weather to softer, yellowish oxides. They are both aocumen);aﬁm
of hydrated iron oxides, laterite by subaerial enrichment, and bole
by geological enrichment. Some of the iron oxides in bole result
from conu-c_:{:r-.:.z':un in the soil before the upper flow covered it,
especially if the soil formed during tropical or sub-tropical
weathering conditions. Much caution is therefore needed when
identifying deeply weathered profiles in areas of basalt flows:
the presence of ferricrete is not sufficient evidence, and

augering is needed to determine whether the ferricrete overlies
fresh basalt (and is therefore bole) or deep mottled and pallid
horizons (and is therefore laterite).

Ferricrete can form in ways other than by deep weathering or
nt. Milne (see Fig. 5.7) showed that

water from red earth profiles formed deposits of hydrated iron
oxides . .reak-of-slope in catenas in East Africa, without either
deep weathering or geological enrichment. Unlike deep weathering
which takes thousands of years, this type of subaerial accumu-
lation of ferricrete may take only a very short time. In Australia,
accumulations of iron oxides resembling laterite in structure and
hardness have formed in less than 10 years in secpage zones
leading from dams and culverts,

Similar confusion has arisen in the interpretation of silcretes.
Silification was apparently widespread during the Tertiary and
affected rocks and weathered materials in all parts of the hﬂmﬁl 5
without always being associated with deep weathering. Si
horizons in arid Australia are just as common as fanﬁ
horizons are in humid Australia. Some pedol?g;stsewuclm_m o
silification is still active under certain circumstances in
Australian desert. sarv velict

It is therefore very important when identifying whole
soils to note not cgly the indurated %
sequence of horizons which make up the deeply the com-
of which the duricrust is only the capping. Although
position of the duricrust varies across Australia, & sames:

geological enr

horizons in th, ly weathered profiles is essentially 3
e G hor?{ms which rest g:w"“ P
horizons of weathered parent material, as described
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N in the composition of the duricrust
‘mm["f:: c:::?geclcaﬁy und‘[:)r(;?omi. One possible
is that during thecalTeftiary. bailhough Australia’s
i m'ca] b-tropical, it was by no means uniform
N ;’ m? s‘;{amfj] and temperature could have
;W_ . in a manner similar to the prcsem]ddslecrc;\s;:tacn}nf,slthu
e s : thong;h overall amounts wou have been higher,
mwimmngﬂzmty could have been greater in northern
] ‘and eastern Australia, causing iron and aluminium to .b_" mobilised
~ and concentrated in the duricrust while much of the silica was lost
‘ to drainage. In the cooler, drier areas, leaching would not have
. been as intense, so iron and aluminium would scarcely have been
mobilised, and silica (instead of being removed i’run} the pre file
s leaching) would have concentrated in the duricrust, in a
manner similar to the concentration of iron and aluminium in
laterite and bauxite respectively.

Pedologists generally agree that more intense
required to mobilise iron and aluminium than is re
R ‘mobilise silica. This theory, however, is not corrobx

depth of weathering of the relict soil profiles: silcr :

3 Australia tend, on the whole, to be deeper than tic
bauxitic profiles, but perhaps the faster denudation rate ir
areas prevented deep profiles from forming,

In the following discussion, Tertiary relict soils are
into those of humid areas (lateritic and bauxitic prof
those of arid areas (silcrete profiles) because not only the
Tertiary environments of these soils differ, but the profiles have
un very different post-Tertiary modifications. The
hL) - between the two types of deep weathering profiles has
ey Mot yet been delimited. Its delimitation will probably prove

i difficult because the profiles frequently grade into each other and
‘because both types of profile are found in some areas.

TERTIARY RELicT Soits v HuMip AREAs (LATERITIC AND
Bauximic PROFILES)
Relict soils in the wetter parts of Australia include not only the
deeply weathered profiles with marked horizon differentiation
under a fluctuating water table (the lateritic and bauxitic
peokiles) but also the deeply weathered, little-differentiated profiles
rmed under free drainage (krasnozems and red earths)., The
°t soils may not contain duricrust, but are closely related to the
icrusted profiles. The processes of laterisation and ferralisation
tese soils were discussed in Chapter 7; our chief
; _%lﬂhlhordaﬂ:ﬁemﬁasoi]splayin present soil

RELICT SOILS 1N AUSTRALIA

soils under the present climates, b:i“f:rrmz vel_ w in Australian
where the average annual rainfall is more thag Sor .o 2caS
where there are silica-poor parent materials i -
However, during the Tertiary, most of Plicwmgdlmm
Australia were probably mantied with both lﬂl!;fstn- g
and dissection of the Tertiary landsurf types of soils. Uplift

interfluves. Some of the ferruginous maters eroded

soils has been deposited as a.ljug\:ium or ac:IcJI]mr'run:u and?gmmgs

an important effect on the distribution of the pl'ésem soils, The

irc i ¢s are particularly resistant to destruction and
veral phases of erosion, transport and deposition

ally being destroyed.

rell area of New South Wales, where the average
I'is only 30” and therefore not enough to promote
ring today. Tertiary relict soils have a marked effect
f the modern soils on both basalt and granite, the

in the area. Most plateau remnants are capped
with a very hard capping of laterite remaining on
. Other ridges have lost their lateritic cappings and
veathered mottled horizons have been exposed to soil
nation under the present environment. Both basalt and

krasnazem
with
jronstone
krasnozem gravel
with little
irgnstong
gravel

chocolate
soil

., ironstong
Not drawn to scale. o Jonl gravel
Approximate scale
along slope
10—
yafds
eroded lateritic profile

i 2. Soil formation on an
ko near Inverell, New South Wales.
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granite have been laterised in this area, basall
more massive and vesicular laterite W ith poorly
horizons, and granite tending to lorm pisolitic Iz
well-bleached pallid horizons containng seconc
ridees in the area contain krasnozems rather th
and it is difficult to determine Whet

or whether they are the result of pc
truncated lateritic profiles. Rid;

level of the plateau surface, and | :
relict soils they may have contained,
weathering, to form shallow red soils with
(sec Chaﬁtcr 10). Because the _Tc_nlu.r-.
preserved on the higher ridges, soil dept
concave slopes—the opposite to wha
monogenetic. Fig. 12.2 illustrates a f

the Inverell area.

It

The lateritic profiles in the Inverell
siderable post-Tertiary modification, so
probably quite different from wh i
Tertiary. Because the sites are now
pallid horizons give rise to deep krasno
and yellow colours of the old prc
strongly eroded, and is freque
boulders and stones which are
who, 1o permit ploughing, p
along fences.

Unaltered lateritic horizons are not
the soil profiles are augered to at |
colours typical of mottled and p:
blue) begin to appear; that is, one
beyond the depth of the present soi
nmdlfv the old profiles. In the Inverell
granite lateritic profiles tend to form kras:
mn the present environment, rather than
because of the high concentrations of s=
nature of the relict soils,

truncated horizo d. red carths do not always form from the
exam ‘g he. ok lateritic profiles. In the Sydney area, for
e pgnle_l& e mofttled horizons tend to form red podzolics, while
conditions. yellow podzolics, even under freely drained

areas, but silica illuviation is more commo

RELICT SOILS N AUSTRAL 1A
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1d luvens
ilands, TL!\J\-LF‘.dUHg streams and acceleratin
g Tating eros
]15 'L} L deal of matenial eroded from ?}5110‘11
2y the streams flowing towards the Da:it'-sc
ddish, kaolinitic alluvium whin . -
‘ 1c alluvium wh |
Irom Moree to Narrabri R

soil !'N‘ming on the freshly

than red, so that the n

est was black and montmoril
described in Chapter 10.

eroded basalt
newer alluvium
lonitic, formin
) Mineralogical
or the two distinct alluvia of the
der, lower alluvium contains mainly
her severe chemical weaﬂlz.'iné.
lamns many readily weathered
cldspar, indicating ‘fairly weak

W

mmon along the northem and
the southwest of Western
preserved and it is extremely
all three horizons (indurated,

i bly formed by in situ

xtraneous material such as rounded
the pedologist has difficulty
f weathering of these profiles,
that compare with the depth of
e of the arid relict soils.

- soils and red earths are found on varied parent
I lict krasnozems are far more common
sterials such as basalt. Relict krasno-

long time in eastern Austr:qia
)39) but their }c‘tationshjp to lateritic soils

sed Ior a

me krasnozems have probahl'\' weathered from
ons, whereas others were possibly always freely
1s frequently contain an horizon of latente
zir profile. .
asilisi.nmere!ictsm_ls
e relict soils of hurr_ud
o than surface silicifi-

ion, though not as promin_enr
ralia, is still important in th

. : e o ited in the P&n’d
cation. In lateritic soils, much silica is re-depost

i . : cer referred t©
Dm,mll the Teﬂlaf}f.‘mosf of the Inverell area was presumably horizons or just above them to fi{fm'metgafgcgeh} : i
3 tc soils, krasnozems and red earths. In the in early soil literature as ‘grey billy', al 3 tn all lateritic profiles

o Pleistocene, the Kosciusko uplift raised the preferred nowadays. Silcrete is not foun




296 THE LIVING SOIL
| and is more common in those on silica-rich parent materials, such
as granite or sandstone.

Both the nature of the lateritic horizons and the new environ-
ment of soil formation are important in the morphology of relict
goils of humid areas. In humid arcas it is rare to find Tertiary
- htly modified since their

: which have been only slig e the
m they are more likely to serve as parent materials for

mda- environment. In most of humid Ausiralia,
z is a ;ﬁy towards podzolisation, but if the exposed
lateritic horizons are very high in iron, or very clayey (especially
the ferricrete and mottled horizons), podzolic soils do not form,
and iron- and clay-accumulating soils such as krasnozems and red
earths form instead, even though such soils do not form today
from fresh rock in the same area.

TERTIARY RELICT SOILS IN ARID AREAS (SILCRETE PROFILES)
In Australia, the most obvious differences between the Tertiary
relict soils of humid areas and those of arid areas are the
composition of the duricrust, the depth of weathering, and the
E!—Tertiary modifications to the profiles. Arid relict soils tend to
capped by silcrete rather than ferricrete, though ferricrete is
associated with some profiles (Mabbutt, 1965, found late
grading into silcrete in some profiles in central Aust :
Silcrete is just as variable in structure as laterite is. Some silcretes
arc massive, others contain cemented fragments of quartz and

mottled
silcrate horizans
pallid horizons

- Figure 12.3: Duricrusted mesas in the Australian arid
£ adin Zone showing new pediment surface devel-
= oped in bedrock below the deeply weathered
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other minerals in a matrix of ine silica
pim}itic. All silcretes are emez;ely hard; indeed .
harder than laterite, and hamm . they are much

TP silcrete duricrust which caps the deeply weathered profile
ands to protect the motiled and pallid horizons from erosion,
icrust torms mesas and buttes from the Tertiary land-
T f}_m _tr_}p of these landforms is very stony, but often quite
the duncrust forms the free face af the side of the mesas
5, while the less-resistant mottled and pallid horizons
gentler constant slopes as shown in Fig. 123. The
deeply weathered landsurface is being eroded by back-
g and the new pediment is frequently cut into bedrock,
completely stripped the relict soil profile. Some pediments
t in the pallid horizons,
ediment surface is usually strewn with silcrete boulders
es eroded from the tops of the mesas and buttes. These
and stones decrease in size with increasing distance
across the pediment from the duricrust capping. Soils formed on
the pediment surface, being stone covered, are protected from
deflation. The properties of these soils vary greatly beneath the
stones, but often lime and gypsum accumulate somewhere in the
profile. If the pediment is cut in the pallid horizon of‘the rehct
soil rather than in bedrock, the stony desert soils may inherit an
acid reaction, for lime does not always i{“'ad'»‘ '-hc_ relict “ﬂ
profiles, especially if the material upslope is also sckkiulit s
does invade the relict soil profile, the resulting soil is called a
calcareous lateritic soil.

e op

soils is siliceous and suggests acy
parts of the desert. Since temperatures are very high in summer
and rain occurs as torrential downpours rather than "mmin falb.mAs
tropical conditions prevail for the few days in which

there is a great deal of silica available antht:: Padinﬂmﬁmﬂi-
silcreted residuals, it would be under e
tions some of it could be illuviated to form a hudpanm mplemone,
surface of these soils. Their profile is 2 g Sbareirs -
consisting of an undifferentiated Wtb?sihu ,
reddish or brownish in colour, resting on hardpan which
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: enhancing de psition above it. The
m“:'“;m ovcrlajnngby fi‘icrctc gibbers. These
R - ic because, though the silica in the
r “m s ;;emmmdy ited during the present cycle of weathering
wﬁ’“kl gy pmbabl)' originated in the silcrete duricrust
e ﬂmm:h which the red and brown hardpan soils are

i ocolnough, 1927) that the deeply weathered
ﬁ!:bwsaigsﬁffmed on a stable, flat landsurface close to
1 base level is now . Recent evidence suggests that many

- dﬂu'daqﬂg weathered relict profiles have dcvclop-f.d on surfaces
: that were initially sloping rather than on surfaces that have been
it uplifted since the soils formed. However, some of the duricrusted
! have undoubtedly been folded and faulted since
m A great deal of work is now in progress on the strati
graphic relations of duricrust and its chemical character, so the
mext few years should produce much useful information
Australia’s Tertiary relict soils.

SOILS OF THE RIVERINE PLAIN

The Riverine Plain of southeastern Australia was defined by
Butler (1958) as ‘the region of plains in south-western New South
Wales and north central Victoria which is traversed by the
Murray, Murrumbidgee, Goulburn, Campaspe and Loddon rivers
and their tributaries and distributaries.’

Much of the work in this area has been concentrated in the
Murrumbidgee area, extending as far north as the Lachlan. The
soils of the Riverine Plaindh!;l%e been the seat of controvery since
= 1950 whea Butler first proposed that the plains were not built up
- bythe present river system, but by an older system of rivers which
y no longer exist. These older rivers are called prior streams.
- mm of the Riverine Plain form a complex succession on
b - and loessial materials and have been studied by
E: pedologists. main controversies are between Butler
¥ g ith, and are concerned with the identification of
! "hmm of the soils (whether they are wind-blown or

3 'm origin), the number of depositional phases on the plain

ether there was one major alluvial and aeolian accession of
of each), and the nature of the depositional environments
er they were arid or pluvial).
mainly from work in the Riverine Plain that Butler
his (1959) well-known K-cycle theory which was
Chapter 5. Butler (1958) recognises three main
of s0il formation, but Langford-Smith’s carbon-14

i
E
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d:uings do not corroborate Butler's views
L,upgiqru—Smlth have published much ch;ii i i
sous of the Riverine Plai i

- n, 1t 18 not possible to do Justice to all the

rature hf.'rc._ so only broad generalities
sted in the details of the controversies may consult the
fences given at the end of this chapter. The p?.l.r l:); i
section is to demonstrate soil stratigraphical proccdgf;c andlhtl:
cescribe some of the soils of the area, rather than to interpret the
dala m terms of previous climates, To sim;hva the
cogy, Great Soil Group names will be used, Butler's soil
iphical names being avoided where possibie.'

rine Plain has been built up by accessions of material,

and aeolian, which pre-date the present stream
rradient over most of the plain is only slight,
oot per mile, but it increases towards the Eastern
1 which the streams debouch. The present streams
, Whereas the prior streams trended west. Some
the prior streams can be identified from aerial
ey are well preserved, showing little infilling
: ndoned them. The present river system uses
rior stream channels: on aerial photographs the two
umes merge into cach other. Some of the prior
have been buried beneath later alluviaum, but
¢ traced by textural variation in the alluvium of the
lluvium is sandy near the prior stream levees and
er_across the floodplains.

Soil distribution on the Riverine Plain bears little relationship
he present stream systems, but it is very closely related to
r stream alluvium which controls soil texture, salinity,
cousness and properties such as structure and pH which
-nd on these other properties. Since the levees of the prior
streams are sandy and higher than their fioodplains, red-brown
earths tend to form on them. The lower, poorly drained flood-
plains away from the prior stream levees give mse to bro\;n soils
of heavy texture and grey soils of heavy texture, the hn;;on;q‘:hg
in the most poorly drained areas, as shown in Fig. slal B
increasing distance from the prior stream, clay and sait
clearly increase, and sand and lime content decrease.

In the field it is difficult to distinguish

lian parent materials of the soils -
:smpeciall\? when looking at individual pmﬁisks.w ':?;dyﬁ way
distinguish with certainty between the WO - pattern
of variation in soil properties along M&ﬁm e Mm
parent materials vary in propertics along angles




e as shown in Fig. 12.4, but soils on
. _Mmm in properties with distance from the
‘material.

red-brown floodplain
earth .
brown soil of
heavy texture
cla
Ioar; clay heavy clay

clay percentoge ond solt content increasing

Y

sand percentage ond lime contznt decreasing

- Figure 12.4: Section through soils formed on prior stream

R 1wl alluvium in the riverine plain, showing varia-
B g tion in soil properties from the stream across
27 its fioodplain.
.II L

_ Butler calls the aeolian material which blankets part of the
Plain parna rather than loess, as it difiers somewhat in
erties from Joess described from the Northern Hemisphere.
claims the originated to the west of the Riverine Plain
w their vegetation during arid phases, when vast
’ﬁm dust moved across the plain from west to
4 Aty prevailing winds. Butler claims there were
accessions of parna, but the most ubiquitous one was the

ﬁ‘ﬂﬂm of parna occurs over a much greater
- Mmm;mpmm of the prior stream
content of parna increases and the lime content
sing distance from the parna source (that is,
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parent material, on the other hand shows marked
texture and in salt and lime content oy

I’;l_ma is frequently mixed with d:;: b h." ndred j,a’,d"-
saltation sand. adding further problems to the erial Consisting d
pattern of variation from its source, Itis ther;{:;mm
that some pedologists have confused the alluvial mdnot g
in the area. Since parna is fairly clayey awa m";‘:‘“ soils
the red-brown earths which form in well-drai . ptie
to be heavier-textured than the red-brown wp?mumgm v
prior S{I’tl.‘ilnll levees. Grey and brown soils of heavy mmo:‘:;
on poorly drained parna sites, ior stream
ﬂLWLKF;;LIillS. "elae e

The above comments refer to lateral variation in soil i
across the Riverine Plain. Vertical variation isevenmms:riking,
for soils occur in stratigraphic succession according to the

's OF their parent materials. The type of relationship
n the soils is shown in deep soil exposures.

present stream alluvium

2", | prior stream alluvium

parna

i lationship between
i 12.5: Diagram showing the re ;
oy a!fugvial and pama layers in the riverine
plain.

The dia shows p:at the
the earlier haterials, while the% h;:w s many cascs been
without incision. The bﬂﬂe‘l L which
modified, either by truncation or by Mﬁvﬂ”’m The
the newer soils on the materials which
shown in Fig. 12.5 clearly illustrates
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being the glternation between periods of erosion
when the soil parent materials were deposited)
sa] Drese in Fig. 12.5 involves a certain amount
2 of field soil data; for example, some workers may
» acolian origin of the pamna and claim that this
also, may be riverine in origin. However, relating this
climates demands even larger assumptions. Butler
ﬁ&mmﬂm alluvium during arid phases,
: was less and the streams were unable to
Joad of sediment. Langford-Smith, on the other hand,
w jon during pluvial hases, and he claims, from
; of meander ll:lelts ofpthe prior streams, that these
ly greater than the present rivers—having, indeed,
parable with those of the present Mississippi.
's wiews are supported by carbon-14 datings
that most of the prior stream alluvium was deposited
major phase, rather than during three periods of
as Butler claims. More datings are needed to clarify the
future work will be slow and will require deep borings
i fieldwork involving both soil and geomorphic

5 of the Riverine Plain have mostly developed on parent
ed in the Pleistocene or Recent Periods. The
g the alluvium originate in the Snowy Mountains,
s are increased by meltwater in spring and would
been greater when snowfalls were heavier (during
). Changes in climate in the Snowy Mountains
stream behaviour across the Riverine Plain;
ve attempted to correlate phases of alluviation with the
s of the Northern Hemisphere, but they have had
' ﬁﬂt m:“ not w since there is little evidence
. 3 MOre one 1 : 2

e glacial period in the Snowy

ﬂ‘.‘rﬂ;ﬂ;e soils of the Riverine Plain,
¢ stratigraphic sequence are

acolian parent material was
Recent Arid Period when vege-
utn&a west of the Riverine Plain

RELICT SOILS IN AUSTRALIA "

materials accumulating during th -
However, some soils do havcg pro;cr:it;g]{y are later leached,
with the earlier environment being the one when polygencsis,

Degraded chernozems, common in the United s;é’a‘l:u examples,
common in Australia, provide another example, -
The profile of a degraded chernozem is essentially
ordinary chernozem, g"mailh the effects 'ZE weak pngﬁhgu:
showing in the upper horizons; often, a weak E horizon
(bleicherde) has developed, the upper horizon is more acid than
the lower horizons, and there may be some illuviation of clay.
Many of the chernozems of the eastern partofﬁ:dm'mmmr‘:
in the United States are undergoing degradation under the present
environment, suggesting that their chernozem characteristics were
ducts of a climate drier than the present one, which is less
ive to chernozem formation, and favours podzolisation

istralia, both soil and plant distributions point to a period
of greater aridity in the immediate past. Several workers have
attempted
ted that it is post-Pleistocene, and possibly occurred between
4,000 and 6,000 years ago. This aridity i referred to as the
Recent Arid Period by Downes (1954). It has had two main
effects on soils. First, the devegetation induced by the lower
ainfall accelerated soil erosion and deposition, S0 old profiles
were buried, in many cases beneath fresh parent materials,

especially aeolian and colluvial ones.
In sloping areas (e.g., on the western slopes around wli

and Bathurst in New South Wales), the last g o

the present one frequently contains colluvial mmﬂﬂmg

prairie soils on the lower slope. The colluvium could “A% S
' f the Recent Arid Period, an

ccreased ranfall.

features of

emplaced during the beginning o >
soil could have formed during the period of d _
as modern soils in these areas have much Siponges

podzolisation. Cumberland
Near the Nepean River in the western pﬂfddﬁ:’d »

Plain surrounding Sydney there 1S w thought 10 Late
sand dunes, resting on alluyium W «oils on these dunss are
Tertiary in age (Simonett, 1950). The S8 T oo diffrcat
very different from surrounding . tors that these dunes Were
vegetation and land-use. Simonett ¢ Wmﬂl : Blue
formed from eroded soils on the Period when the
Mountains to the west, during the Acoli Wsndlﬁw
platean was denuded of vegetation. material-
dunes are common in areas 10 the
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eastern Australia.

Figure 12.6: Downes’ (1954) five pedogenic zones indicating the effects of cyclic salt on polygenetic soils in south-
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on the lee-side of lake beds in e
Australia, are thought to haye forme?;k :nd!_ parts of

The second important effect of the Recent Arid Period
is the salt accession which affected aj SOlls?nd dummgm
period. Thus any soil which is known to be older —
years would have contained more salts than it
(1954) postulated that during the Recent Ari Period ':a'mfnll'
south-eastern Australia Wasgabout half At;:i =

enabling cyclic salt (see Chapter 11) to accumulate in soils from

305

Lunettes, which are crescentic deposits of fine
material common
southemn

!

have been subsequently desalinised as described in Chapter 11
This theory explains the anomalous distribution of soils within the
podzolic zone, where the most highly differentiated profiles are

ten found in the driest zones. Downes divided the soils of south-
castern Australia into five pedogenic zones related to the present
rainfall (based on the assumption that rainfall in the Recent Arid
Period was about half the present amount). His pedogenic zones

are shown in Fig. 12.6.

oLt

The point was made in Chapter 11 that salt accumulation in a
soil depends not only on leaching, but also on the rate of accession
from the atmosphere, that is, on the rate of accession of cyclic
salt. In areas of very low rainfall, accession is very slight, and,
since rainfall in arid areas comes in heavy falls rather than gentle
drizzles, the cyclic salt is leached as it falls. In very humid areas,
leaching excecds the rate of accumulation of cyclic salt. For these
reasons, there is only slight or insignificant cyclic salt “’mg;
lation in zones 1, 2, 3 and 4 under thc present rainfall (m
heading ‘post-arid” in Fig. 12.5), and in zones 1, 2, 4 gndw .
the rainfall of the Recent Arid Period (under the heading
Fig. 12.5). p il St

Downes found the greatest cyclic salt accumulation i;ﬁk and
to the 12 average annual isohyet under &m Arid Period.
the 14” average annual isohyet d“mfg the smhm
Thus maximum solonisation mm;““ = '
Arid Period and occurs in zone J 10C2F maximum in
solonisation followed by podzolisation, 15 mmw even in the
zone 3. In zone 2 operated
Recent Arid Period when lbﬂ: g present
but in zone 4 podzolisation WM : SONS.
so solodisation is slight. m%w-ﬁ#
to be most common In moﬂ'ﬂhlf'w'
rainfall per annum, and this is

g
§
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The accession cycli ected all soils in southeastern
I 4 .. c sajéleiﬂ“‘i 15" and 40" rainfa :
kg Australia, in areas receiving hw;l.u - g Tt [
- | i sk a high calcium-status, that is choco-
| ! annum, those with 2 >

L (h late soils, black earths, terra rossas and rendzinas. For this 1

™ () il - 6 aran 0 nol
\ many pedologists regard most soils in this area as polyg
'F iy ( the landsurface has been stable for a considerable ti

- though there ma be little field evidence for their poly
| Thus 4
'f

of the soils shown on Australian soil maps
i podzolics are really solodics.
1 The study of relict soils in Australia is providing a great deal

3 L information on previous climates and landforms; how: is
: much more work to do as the field of study is a relative
1ay

and it is quite likely that the work of the next few yea
necessitate changes in many of the comments in this chapter
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Appendix

Some Laboratory Estimations of
Soil Properties

1. A Quick METHOD FOR THE MECHANICAL ANALYSIS OF SOILS

‘There are two main steps in the mechanical analysis of soils.
WFirst, the soil has to be separated into individual particles, because,
i the field, it occurs as aggregates that are cemented by clay.
This separation into individual particles is called dispersion
achieved by adding a dispersing agent (a sodium compound) and
water to the soil and mixing them. The second step is the
fractionation of the individual soil particles into grrt\n:i_
sand, fine sand, silt and clay. The coarser particles (g
sand) are separated by sieving, but the silt and clay fr
usually separated in water. The method of mechanical
‘Selected here for its speed, uses motor dispersion and hydr
B fractionation; that is, the soil is dispersed by agitation witl

I eleetiic miixer, and the silt and clay are estimated by recorc g

‘With & hydrometer the density of the soil-water suspension. _

The method presented here is based on Bouyoucos® (1936)
method. Although this method may not be as accurate as some
others, ﬁhﬁa!::;) r;l;dmk (more than a dozen samples can be

C accurate enough considering that samples
of soils collected in the field only a foot apart may give qz\;iie

_ Tesults. The equipment Tequired is available in most
_ aborator " lnlhqreadtm IWo exceptions, the soil hydrometer which
. is calibrated S O ﬁ'mucﬂ‘ o In grams of soil colloid per litre at
4 mﬂ P-w e electric mixer. Milk-shake mixers, high-torque

ﬁh ﬁm are all suitable for motor dispersion.

R e :ﬁ?ﬂw contain appreciable quantitics of
} N.hhl ; more than 1% of each), these constituents
 (4N) hydr . wﬂihmel may be removed by adding dilute

. o the soil until effervescence ceases.

?m acid treatment real) =
he oil. The most Y removes carbonate minerals
_ 1 common form of carbonates in soils is lime.

g" t “ﬁ estimate of the ]

- the sample percentage carbonate in the
w¢ carbonate mﬂm acid treatment, the difTerence
® 10 the total 5ol (ic,, the fror -, O"vert this to a percentage

Weight),

APPENDIX 09
Organic matter may be removed by boiling the soil §

[ 3 2 m
peroxide. Most Australian soils, however, can be mhydmmgmimuy
analysed without these treatments.

The results are usually given as the percentage sand, silt and
clay in the non-gravel fraction of oven-dry soil, and gravel is gi
separately as a percentage of the total soil. In the following

ions, International (Atterberg) size gradings are used (see

ter 2).

Dry about 110 gms of soil in an oven at 105°C for at least
eigh . Sieve 100 gms of the oven-dry soil through a 2mm
sieve. Weigh?® the gravel fraction remaining in the
d it separately as a percentage. Place 60
> the beaker for the electric mixer. Add 50 mis of
t to pH 8.5 with sodium carbonate, using a
cer to 2/3 with distilled water and agitate
er for 10 minutes. Wash the contents of
asuring cylinder and fill the cylinder to
distilled water. Place a rubber stopper
rder and shake the contents vigorously for

Y
[+

tes, measure with the soil hydrometer the grams
n suspension, and record the temperature 'of the
Remove the hydrometer from the suspension o
soil particles from settling onto it.

vo hours, repeat the hydrometer and temperaturc
five-minute hydrometer reading gives the amormt_of
nd clay in suspénsion. whereas the t\'_ir'O-hOﬁl‘ mdﬁ
wount of clay in suspension, as tl_le silt settles to
the two hours. It takes approximately five mmuﬁ
coarse and fine sand to settle through a distance

tres.

Pour off the supernatant clay suspension from ﬁlfthiﬁ:g;ram‘g
wash the settled sand and silt into a beaker, Fill settle for five
about 10 centimetres, stir and 31}0“‘" the sand wa;,d repeat the
minutes. Pour off the Supem;imnt_SﬂE suﬁnlsm (three or four
procedure until the supernatant liquid s cm-‘l:md sand in an
decantations are usually enough). Dy 4308

oven at 105°C. ). sieve.
Sieve the dry sand through an 0.2 mm (100 mesh) sie

Weigh each fraction (the fraction !'fmﬂmmgis the fine sand).

coarse sand and the fraction passing through e

2 All weights, and hydrometer and temperafure seedings

only to one decimal place.

3 Calgon, sodium hexametaphosphate,
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Correct readings as follows:
3 wm hm 0.3 Eﬂg'ls for every 1°C above 19.5C
» f:d subtract 0.3 gm for every 1°C below 19.5°C.
2. for weight of calgon and sodium carbonalc—_.mhu-uug 0.3 gm.
The results may be set out in tabular form as follows:

PERCENTAGE GRAVEL IN SOIL:,

Hydrometer J Hydrometer
Time since reading in l'ngerature correction

shaking gms soil | c in gm
colloid/litre | -

5 minutes
(sit plus clay)

2 hours
(clay)

fine sand |

coarse sand |

o o 8 Tarely add to exactly 100
as ﬂ::l:: mm]' " 15 more common to obtain more than 100%
et . 300, and silt sometimes overlap in the fractionation.
< Wlﬂd fine sand is estimated in the five-minute hydrometer
e © silt is weighed with the fine sand.
' s, 2‘_ SOME EXPERIMENTS ON Soi. WATER
%Wmn = Pm‘-':ll‘ltionally expressed in terms of
> pomts along the soil’s moisture curve
) may be estimated roughiyas follows:

% or 60 gms (the weight

APPENDIX in

Field capacity: saturate a soil in the field er it wi
c or hessian for 48 hours. Collect a sam;xi‘fu?o;:ra:;-:gﬁ
r. Place about 30 gms into a small beaker and weigh the
aker and soil. Oven-dry the soil at 105°C for 48 houre and
h the soil and beaker again. The loss in weight represents the
content at field capacity. Convert it to a percentage of
the oven-dry soil as shown in Chapter 3.

lting point: grow a plant (e.g., a lettuce) in a pot
il. Water the soil regularly until the plant is fairly

llow the soil to dry until the plant wilts.
nd the plant will revive. Repeat the process
to revive. A sample of the soil should be
ight container each time before the soil is
lant revives, replace the sample in the pot.
go three or four temporary wiltings before the
¢ is reached. Oven-dry the sample as for
1ations, and calculate the moisture content of
» of the oven-dry soil at permanent wilting

REFERENCE

for Making Mechanical Analysis of Soils by
in Soil Science 42, pp. 225-229, 1936.
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GLOSSARY

ey given for the terms which follow are those used in

s book, and not mecessarily those of various authorities. Where pos-

. tra usage is given, but Australian usage is given where trad-
popular

1 e i are as simple as possible and students are referred

‘fo the text, via the index, for more complete explanations. Not every
term used i in the glossary; for example, terms used in the
; Approximation (Guy Smith, 1960) and FAO/UNESCO Soil
(1968) are not re-defined in the glossary since they are
WG and not used elsewhere in the book. Not every Grea
Soil or soil-forming process is re-defined: the index should be
s ferred
101 _ before they are fully discussed in their context
' in the glossary, e.g., podzol, chernozem.
kept to a minimum: students should refer
text for rock names. Mineral definit
students should also use a geology book for m
Self-explanatory terms such as tetrahedral, and non-techni
2s cement are not included in the glossary.

are included, e.g., hal
d consult an elementar str)
of uncommon elements such as titanium and

like salt into water.
attracted to or to adhere to, like cations to a clay micelle
iron 1o a magnet.
: Any wind-transported material: includes loess
Suspension, and dune sands which move by

¥ _aerated, oxidising conditions.
: The quantity of air, expressed as a per-
constituents, remaining in a soil after it has
Lh)omugh wetting (in Australia).
periodic table of chemical elements;
sodium i

um are the most common.
by streams.

g 'l'he main rock- . ¥
Weather o form the maty pter G of the carth’s

iR 313

ANAEROBIC: Poorly drai E
ANATASE: Titaniom oxider.m’ poorly aerated, reducing conditions,
ANDESINE: Sodic-calcic plagiocl, b
ANHYDRITE: Calciom sulphate ?&;‘5“5 Plagiociase).
ANION EXCHANGE: The rstssying g 0L

other anions. replacement of anions on clay micelles by
ANIONS: Negatively charged elements formed i

leaving a deficit of positive charge on theb’m'h‘]"'ﬂmmofmm
ANORT H[I'élgl Calcic plagioclase (see Plagioclase)
ANTECEDENT STREAM: A stream, T ;

prior to orogeny or uplift. the course of which was establithed
APATITE: A calcium phosphate mineral containing some :

ma_\-bespnmarymia:ralcrforminﬂug

he type of soil structure lacking peds, or natural
¥ equal in size and shape: there Mm]
T Or massive. s o .
m a slope faces.
The internationally accepted system of size grad-
hmic scale as follows: gravel more than 2.0 mm;
mm; fine sand 0.2-0.02 mm; silt 0.02-0.002 mm;
0.002 mm diameter,
most common pyroxenes (see Pyroxens).
formation of new minerals during the consolidation
5 or subaerially in the regolith.
s which lack profile differentiation, because of im-
E se erosion is faster than soil formation, preventing
from forming.

T, DOLERITE: Fine-grained, basic igneous rock consisting mainly
I TOX plagioclase and olivine. 4 "
g ; he replacement of basic cations on the clay micelle
ons: the most common soil bases are calcium,
ind magnesium. r =
he alkali metals and alkaline earths; the most
re calcium, sodium, potassium magnesium.
of the expanding lattice group of clay minerals
f one alumina sheet forming the crysial lattice.
n (see Mica). 4
DE: The bleached honzon 10 ;
by the eluy J\.L:L‘t;"l of constituents to the suhsoil: -~
BOEHMITE: A hydrated oxide of aluminum [mmdm sails. s %
BORAX: Sodium borate: the common form in W boron is added
the soil to make up a deficiency. , : :
BYTOWNITE: Calcic-sodic plagioclase (see Plagioclase)
mineral,
; - .
CALCITE: Crystalline calcium carbonaie: may be primary
or form in the soil from curhon::!cf.
CALCRETE: Any material hardened by .
CAPILLARITY: The process whereby Wa

through extremely small pores. .
CAPILLARY CAPACITY: Sce field capacitic.

CAPILLARY FR!NGE:_TthS;ifg; above
capillary pores remain Saturasees E - ’
CATENA: The succession of soils 8008 & €C00 0 g9 o clay micelle BY
CATION EXCHANGE: The repl o atangs
other cations. CITY: The abiity of 2 clay
CATION EXCHANGE CARACTY \evisted e CEC.  a of cec
cations from the 3 formed remaval
CATIONS: Positively charged elemer T Tens pucleus.
trons, leaving excess
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Jlexing organic agents in the soil having the ability

cations. -5
! in sub-bumid grasslands: it is usually high
.- clay illuviation and a dark-
containing at least 4% organic matter: lime is
hydrous mica group of clay minerals
ina sheet forming the lattice.

defined on the International (Atterberg) scale
Jess than 0.002 mm and which remain in

by Brownian i shaken up in water.
Hﬁhﬂn on wet soils caused by the deposition of
i VEGETATION: Vegetation associated with a
dynamic ibrium with its environment.
caused by cultivation, especially plonghing.
which remain in suspension by Brownian motion
they are defined internationally as particles
: may be humic and mineral.
ial which has moved downslope by gravity and
. of the products of mass movement along slopes.
chloride.

A rounded aggregate of segregated soil material that is
sbout a nucleus: a nodule that is concentric about a

'SALT: Salt added to the soil by rainwater.

ALTERATION: Alteration of primary rock minerals by
solutions at high temperatures during the later stages in
on of rocks,

boehmite: boehmite and diaspore are optical isomers.

of the kaolin group (see Kaolin).

B o, e LT o
- : y form a single gas uniform in com-
throughout.

r-..'-' igneous rock conmsisting mainly
substance such as water which has positive (the
e (oxygen) ends.

s l{ct composed mainly of dolomite
c igneous rock containing mainly olivine.
(Used in Northcote's system of soil classification.)
h_lw me in clay in the B horizon
surface horizon overlying a deeply weathered
IN SOILS: The state in which the processes

just able to pace with accessions of soil
‘the soil profie in & constant form with the

‘Horizons in the soil that i
e 1o have lost constituents

GLOSSARY s

FELDSPAR: A group of aluminosilicate mi i
framework of silicon tetrahedra: the ictl“';;:d?nku:‘ ‘{’inkaedmm
sium, sodium and calciom: the main feldspars are m’m’agby e
feldspar) and the plagioclases (sodic-calcic feldspars) (ot
FELDSPATHOIDS: Aluminosilicate minerals similar in stractuse
feldspars, but with a lower silica to alumina ratip: they fm‘;u;
silica-deficient magmas such as basalts and . -
subaerial weathering. are very susceptible to
FERRALISATION: Soil-forming processes involvi deep weathering
under free drainage, and the accumulation of s:;‘ium throughout
the profile which has no distinct horizons as in laterisation.
FERRIC ION: Iron III, a cation formed by the removal of three electrons
from the element iron. o
FERRICRETE: Any material hardened by enrichment by iron.
FERROUS ION: Iron II, a cation formed by the removal of two electrons

from the

ent iron.

FIELD CAPACII Y: The amount of water remaining in a soil after it

has d

and

or 48 hours (in Australia) following thorough wetting
¢ soil to prevent evaporation; approximates pF 2.5

insoluble or making unavailable, by elements

soil, of a plant nutrient: phosphorus is
minium oxides; nitrogen is fixated by bacteria
nes for use by the host plant (see Symbiotic

FLOCCULATION: The moving together of soil particles leaving spaces
between the floccules,

FOSSIL SOIL

FRAGIPAN

: See Relict soil.
rizon in a soil consisting of an irregular, very hard
n of acid clay thought to have formed by illuviation of
cracks in the profile: found in periglacial areas in material
acks readily. :
FULVIC ACID: That fraction of humus which is highly mobile but
colouriess.
GENETIC THEORY OF SOIL FORMATION: The theory which states
that the soil horizons are related to each other and differ from the
B parent material because of mcdacl‘t;gnﬂof the environment.
BSITE: The most common hydrml uminmum ' e
consists of a double laver of hydroxyl molecules enclosing aluminium
in the octahedral position. . . 4
GILGAI: Surface undulations in the soil forming small ridges and
hollows. - e
GLEYING: The process of weathering under age m!’_mwndwmmd“’ o
horizon saturation: bleaching occurs through the remaining, being
ions from the gleyed horizon; any ooloumdmlgﬁ colours.
in the reduced form, tend to form blue, grey for
oy, o e

GLEY HORIZON: An horizon which has been

time and has weathered under reducing green colours.
bleaching and the development Ufwl-’mm,nmmenwy e phosed -
GNEISS: IIAS foliated, hzg&% and anhihob- fucing w:ddﬂr
quently containing 3 oxides
GOELFHTTE: (;!nr.- of r.hl: less hydrated iron :
rown col in soils.
GRADITIONAL PROFILE (used in Northeote's S0 800y “conent in
s b mmediye g < et 2 ocizon. mainly quartz
: wil
RARTTE ", e o ok e 2
GRAVEL Miera] particles defined on the In § !
as having a diameter greater than
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Jevel in soil classification based on total
pames for soil, e.g., podzol, red podzolic,

' FAC mxmnctr um!gor %hc soil and parent
formed during one K-cycle: see A-cycie.
rated calciom sulphate (CaSO,.2H:0).

the least hydrated of the iron oxides, producing
ide or common salt

mineral with one silica and one aluminum
lattice.

8
1

'BLENDE: One most common amphiboles (see Amphibole).
ACID: That fraction of humus which is dark coloured and fairly

The processes whereby fresh organic matter in soil

An insoluble fraction of humus.
That part of soil organic matter which has decomposed into a
dark-coloured, soapy, amorphous mass without trace of the original

=" tissue. e A
I A : The addition of water to an atom, ion, molecule or

DRO : An ion formed by the addition of hydrogen to a water
GROPHYTH “}im-iavhagh hytic pl. ire 1 it
- : hygrophytic plants require large quantities
‘water and have little resistance to drought. s -
: IICS: The growing of plants in nutrient solutions rathe
COPIC: The ability to take in water from the atmosphere.
[YAPATITE: See apatite: the type of apatite in whirph hydroxyl
] of chiorine: it forms in the soil from superphosphate
5 present, It is very insoluble. 3
: An anion composed of oxygen and hydrogen (OH).
difference in moisture obtained when drying out and
up a soil for the same pressure values.

r than

clay minerals (smectite-chlorites) formed by
either deuterically or subserially.

which have consolidated from molten magma.
the hydrons mica group of clay minerals with
and one alumina sheet ing the crystal lattice.
constituents leached from
the soil profile (cf. Eluviation).

do not reflect their climatic zone

__ of lm"l;lcﬁ.her factor of soil forma-

formed by the addition or removal of electrons:

. Of naming soil successions back from the
sequence.

lay minerals with single silica and

il lattice: the main members are

p of clay minerals.
h!'uaquiou;idu

GLOSSARY 37
LABRADORITE: Calcic-sodic plagioclase (see Plagioclase),

CUSTRINE: Pertaining to a lake: lacustrine deposition—deposition
" the bed of a lake. in

LATERISATION: Soil-forming processes fe 12 -
snd iavolving Crep wosteeg Sweie) - ﬂ&mm
and the accumulation of sesquioxides in marked -
to a fluctuating water table. horizons in relation

LATERITE: Indurated, iron-rich material which hardens
is associated with a deeply weathered profile, on exposure and

LATERITIC SOIL: A sesquioxide-dominated, deeply weathered
taining a sequence of horizons of laterite over motiled uﬁ?panﬂm—
zone, formed under a fluctuating water table.

LATOSOL: A term common in America for all red tropical
deeply weathered. soils, generally

LAVA: Molten igneous rock exiruded at the earth’s surface: solidifies into
a fine-grained, volcanic rock such as basalt.

LEACHING: The removal of material from a soil, by water percolating
through the soil: the most commonly leached constituents are bases
and plant nutrients: leaching involves the removal of constituents in
solution, as ions, and in suspension, as i

E: A plant which has the natural sbility to fixate gaseous nitrogen

from the soil air through bacteria in nodules on its roots,
e.g., ans, clover, medicks.

LEUCOXENE: A hydrated titaninm oxide.

S: Salts containing calcium: the most common form is calcium
carbonate: calcium oxide and calcium hydroxide are also lime.

“QUIREMENT: The amount of lime needed by a soil to bring
its pH to about 6.5. - 3 £

LIMNITE: One of the most hydrated iron oxides, producing a yellowish
colour in soils. " , :

LIMONITE: One of the more hydrated iron oxides, producing a yellowish-
brown colour in soils. !

LITHOSOL: A shallow, undifferentiated soil formed on mthe ll

LOAM: The soil texture class which is friable and cohereat: s
be rolled into a ribbon, but not moulded into a ngn m;sse .
more than 50% sand, less than 25% silt and less U by wds

LOESS: Material transported in suspension and de md_l’,"med wind:

particles are fine-grained, usually silt and clay

MAGMA: Molten rock. .. g oide
MAGNETITE: Black, unhydrated, magnetic %mm o

MATURE SOIL: A soil in dynamic equilibrium

Dynamic Equilibrium. of a soil's par-
MECHANICAL ?Aifsgﬁuwm m?mm,-nw ”mmd

ticle size grading, by i e of thei

dividing these into size fractions on the basis of their

and by sieving. .
MEDICK: A crecping legume widely used o &
METAMORPHIC RopK:b Rgg mmnm_ b

rocks by deformation by hea sheet structure:
MICA: A group of aluminosilicate mmﬂmnﬁdmﬂ‘ —
sheets are linked by potassmum. piotite (black).
of

& uscovite (white) and mineral which behaves
MICEILE: The structural unit or nucleus of & €8¥ Biee’ ans of wates

likek:ulhuge anion aftracting cations “'.
Mmocil&‘%féﬂgg: Surface R““‘”"“"'&";\%ﬂf‘:’;:’ mﬁ;

amount of water in a soil 10 the PIESSUS : .

held in the soil: the pressure is
Of ‘water as & porcentage of ovea-dry soil
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INITE: A member of the expanding lattice group of
‘with two silica and one alumina sheet forming the

: m over the surface of the soil to lower water loss b
Mﬂl from the soil surface: may be natural |,¢¢M\5¢;fy
ing soil) or artificial.

OF POTASH: Potassium chloride: KCIL

E - Amenl of the kaolin group (see Kaolin).
: The comversion of ammonium ions in the soil into

E: A rounded aggregate conmsisting of segregated soil material
such as iron oxides or lime: nodules may be amorphous (no definite
of arrangement and non-crystalline) or concretionarv: g
lump on the roots of legumes containing nitrogen-fixing

FIXATION OF NITROGEN: The taking in of
‘stmospheric nitrogen by organisms in the soil: these organisms exis

Wmmfm growth.

+ Sodic-calcic plagioclase (see Plagioclase).
, OLIVINE: A gmnp of readily weathered aluminosilicate r
—‘ #tbmmhednm[mkcd by iron and m
& _ SYSTEM: A system :nc:r::nch mlet;;lals can enter and le:
permanen ge in the properties of the
hi.:’f'l‘[-:k All the constituents of soil arising from living
plant)rem.uns and micro-fauna: may be fresh or

uplift.
accumulation of humus and sesquioxides in podzolised
and less indurated than ortstein.
: Potash feldspar (see Feldspar).
TES groups of silicon and oxygen tetrsh
d by cations, e.g., olivine group, zircon.
* A thin, d horizon found in podzolised soils from

accumulation of sesquioxides and humus,
mm!%?‘ The weight of the soil after it has been in an oven at
e for at luus hours: many laboratory determinations are

E: A ﬁhm clay mineral belonging to the open, fibrous
: The unit of soil structure consisting of skewed

in which the organic component
409%) in relation to the mineral
is impeded by the excess organic matter

d‘*ﬁ structure concerned with the size, shape.

‘the

“m.ﬁnﬂ and morphology of soils, with
s0il ure formed by the soil's tendency
' spaced | of weakness.
1o areas are permanently snow-covered.

GLOSSARY

ERL]

PERIODICITY: The alternation of ph 3 -

of erosion-deposition. phases of soil formation with pblm
PERMANENT WILTING POINT: The am

the soil when plants fail to revive aﬂc;m miu‘::gm

42 or 15 1uno¢p{1cr}es pressure. w‘““’m"ﬂ? Ff"
pF: A convenient scale for measuring the pressure at which water

in a solid: pF is the logarithm to the b is held

metres of a unit column of water. ase 10 of the hﬁlhl h‘ centi-

H: Abbreviation of ‘potens hydrogen': a scale fi measuring acidity
s or alkalinity of mildly acid or alkaline sul;:r!anm, d:ou?
the pH of waler is 7, acid substances less than 7 and ;lk;lme‘o oed
stances more than 7: pH is the negative lo
of the hydrogen ion concentration. - Sl S b.: 2
PHOTOSYNTHESIS: The process whereby plants convert carbon dioxide
into oXygen.
PICRITE: An ultra-basic igneous rock containing mainly augite and
olivi

PISOLITIC

Pea-like in structure: a structure consisting of cemented
tions.

group of feldspars containing sodium and calcium:

a series from albite (soda plagioclase) to anorthite (calcic

t er weathering more readily than the former: see

"d areas: usually has a salt-encrusted surface
th wa ifter rain to form a playa lake.

best d:.\_lu'w,d under coniferous forests: it contains a
t m' leaf hmr over a bleached eluvial horizon: humus
are il ited to the B horizons.

[ta\ Soil-forming processes occurring in cool, temperate
;» removal of bases, the accumulation oi a surface
nic matter and illuviation of humus, iron and clay.
3 e derivation of onme soil profile from another as a

result of a C'm-. environmental change.
pnm ‘\}\.1 MINERAL: A mner?ll which has undergone neither deuteric
»n nor subaerial weathering.

A group of readily weathered aluminosilicate minerals with
ain structures: the chains are linked mainly by calcium,

esium and irom.

QUARTZ: One of the most common forms of crys
oxide): very resistant to subaerial weathering. o
RED EARTHS: A deep, dh?iam'h re:j ff;m under free drainag
the humid tropics and dominat xides. molecule, 2.
REDUCTION: The addition of electrons [0 an atom OF
Fe** + e —» Fe*
REG: Stony desert pavement. of the soil
REGOLITH: The uPI?oie m“ﬁmfmw:oaw —— :prentmml.
down to fresh rock: it inc material such
REGOSOL: An incipient soil formed on unconsolidated -
alluvium. tirely explicable
RELICT SOIL: A soil whose morphology is mot €& sub-
terms of its present environment. soil found on limestons B
RENDZINA: A dark, calcareous, clayey i
humid areas change of soluble phosphate
REVERSION OF PHOSPHATE: The Chtgh Boy has the
superphosphate to insoluble Fh@h’ nodules of legumes which
RHIZOBIUM: The bacterium in the noduiss O % e host plant.
ability to fixate atm nitrogent
UTILE: Titaniom oxide: 43 sonsl (Atterbers) scale
SAND: Mineral particles deﬁned on mm.
as having diameters between 2.0 and 0.02

d in a

talline silica (silicon
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ion of basic cation with acid anion, e.g., calcium
, sodium chloride (halite or common salt), mag.
VANNAH: A climatic region within the tropics character-
‘hot, wet summers and warm, dry winters: also used for the

n associated with that climate.

A low-grade, ly metamorphosed rock with strong
structure and shiny appearance frequently containing a lot

mica and

NDARY lm A mineral which has undergone some form

‘of chemical change since its formation: the change may be subaerial

- or deuteric, .
.~ SEDIMENTARY ROCKS: Rocks which have formed by the consolidation
- of weathered particles deposited under water.
SELF-MULCHING SOIL: A soil with the natural ability to develop a
" thin horizon of crumb structure at the surface reducing water loss
z free evaporation from the soil surface.

PROGRESSION: The progression of natural vegetation from
the first established plant communities to the climatic clir
 SESQUIOXIDES: The hydrated oxides (hydroxides) of iron, i

~ manganese and titanium: iron and aluminium oxides are t most

~ common.
SILCRETE: Any material hardened by enrichment by silica.
¢ Silicon oxide—SiO..

i o
. red mineral and organic matter found in tically related
. horizons in response to subaerial processes. e ;

L. ASSOCIATION: A of soils commonly found together in the

A field, often in catenary ip (see also Catena).
) hanma FACTORS: The variables which control the soil-
i - and soil morphology: there are five soil-forming

- organisms (includi ation)

~_ material and time or the T o i?ealhcrl-?ngg_ vegetation), parent

8 mﬁ ; PROCESSES: The transformations within the soil which
| €auss the development of horizons in response to the soil's environ-

forming processes are the movements out of or

o hnl,’hnmm: iron, aluminium and silicate clay.

: A laver in a soil formed by the action of subacrial

Causing movements of constituents up
:_soil horizons are genetically related to

: processes.
: The form or properties of the soil as scen in the

o The highest category in soil classification: often involves
--_ ol intrazonal and azomal soils in terms of the five

MATERIAL: The material from which the soil horizons
ﬂ%m«mm. most conveniently measured
bt Hudy of all aspects of the soil, including soil

sccond level in soil classification
- obvious profile features, panly

GLOSSARY

SOLIFLUCTION: The movement of soi
whereby the soil, saturated wi& ﬁlw‘fg“
the slope after the thaw, T, moves siuggishly down
the

:
I o

SOLUM: The horizons of the soil i

parent material by the wil-fo;‘::gﬁ] g;""’ b“ﬂ changed from

ul;\;:").{‘li o&.‘;]nnminn from the parent maotcm:ﬁ i the solum has 5
SQUAMOSE: Soil structural aggregates " ;
STICKY POINT: See Field capacilyg_ T;: nt:lmchmalg platy or ]am:mr

when the soil just adheres to the fingers, ap content at sticky point,
STOMATA: The holes in the leaves of Pla.ulsl oXimates field capacity,

transpire moisture (see Transpiration). through which plants
STRUCTURE: The arrangement of the soil: the s

the s-.\‘i’] 1 Jt{c;: tlI:w natural units of soil su‘ucmfeoge“ orderliness of
SUPERPHOSPHATE: The most common f -

used in Australia: Ca (H:PQ,)s orm of phosphate fertilizer
SYMBIOTIC FIXATION OF NITROGEN: The taking i :

the bacteria in the nodules of legumes for use by uimﬂrm by
\-. ROSSA: A red, acid, clayey soil found on limestone in humi

:1d assessment of the soil's particle size distribu-
gned to a texture class after moulding a wet
ingers.

: A graphical method for plotting the results of
of soils: the texture triangle has sand, st and
1d the plotting axes are the sides of the triangle:
used to relate field texture classes to the results
5.

f a soil to form a finely granular structure suitable

TTTANOMAGHAEMITE: Iron oxides in which
stitutes for iron. 5
scedure in chemistry whereby the amount of a chemical
stimated by adding another solution of known con-
a reaction occurs; the reaction may be observed by
indicator which changes colour itself at the reaction point.
MENT: An element rtquircd by plants in minute quantities,

but toxic at quite low concentrafions. . of
TRANSPIRATION: Loss of water from the soil through the stomata
I EFFICIENT: The units of water
of every umit of above

piants.

TRANSPIRATION RATIO OR CO -
transpired by the plant in the production
ground dry matter. stirars CaHPO

TRIPLE-SUPER: A widely-used Ph“ﬂ“&’%?m in ope season

TROPOPHYTIC PLANTS: Plants W ytic and Xerophytic).

and xerophytic in another (see Hy ; il )
UNIFORM PROFILE: (Used in Nartélhcot:s :‘m s

A soil with little, if any, texture change g g™
VERMICULITE: A member of the hydmu: fm FU“P‘M mmltllﬂ -

with two silica and one alumuna MY orming crystal
VESICULAR: A structure containing maa Sk N

XEROPHYTIC: Dro;:t,lghl-resisl:ins: xerophytic pias "
surviving water shortage. 1 minerals with
red aluminosilicate linked by
ZEOLITE: A of readily weathel®h Sy ium tetrahedra,
oominuousg;?auﬁ-ework of silicon and -

sodium, potassium and calcium- and the
ZIRCON: Zirconium oxide. . i the effect of climate :
ZONAL SOILS: Soils which reflect, broadly follows climatic

associated vegetation:
regions,
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., 48
scid moor peats, 158, 203,
2185
scid poata, 138, 158
scid rock. 32
arid soil, 65
acid swamp woil, 136, 158
seld weatharing, 76-7
serisols, 148, 150
sdssrption, 48
aealinn material, 21, 207,
268-302
air, 46-8
nir eapacity, 46, 51
Alnsks, 117
alldte, 63.4
alflscls, 145

alkall oations, 14, 1525, 228,

289, 256
alkzline earths, 14, 152-5,
228, 250
sikaline peats, 214
alksline soils, 82, 258,
27084
alkaline westhering 76.7
slluvial solls, 154, 138
allavium, 5, 20, 115, 127,

170, 179, 199, 288, 243-7,

204, 298-505
slpine herbfiedd, 208-11

wipine hamus soil, 114, 108,

124, 158, 201-15
213
sluming sheets, 73-5

sluminlam, 6%, 73-8, &1, 92,

16595

smmontum, 68, 71, 83

, 68, 77
wmphi-podanties, 102
anssroble conditions, 47
andesine, 64

andesite. 66
andossls, 1480

auit, 67
snion, 18, 70, 78, 1525
anlan 72

anorthite, 43¢
apatity, 46

apedal viructn e, 2

: Tructsre, 20, 218
'ﬂ.-d-.!ii‘:a.m

it 145

arid rod

INDEX

stmospher

At
sugite, 63-4
Australian desert, 164

azotobacter, 85

Bacteris, 59
s

hariom
Barkly Tal

Black soil pla

Belehierdeo, 179, §
194

tilue eolour,

boehmite,

bale, 290-1

boron, 82 93-4

hotanieal dlassifieation, 131

Bouyoucos, 308

Bowen's reaction series, 64

brown coloar, 101,

brown eartha, 100, 1230, 1358
158, 287

brown forest soll, 136, 150

brown podeolies, 114,
106, 158, 180, 180-90
208-11

brown soils of hosvy texture
186, 158

brown sclls of light texiyre,
1586, 158
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THE LIVING SOIL
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