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SUMMARY ,

The investigation deals with a Pedological study of the major soil
groupsdamﬁmwtmmvmoy,miohhmofwanpmhntm
producing areas of Australia. Pedological as was the inveastigation, the
first job was obviously to carry cut a detailed field work and this was done
in conjunction with the C.8.1.R0.Soil Survey party (through the kind courtesy
of the C.5.I.R.0, Australis - Scils Division). As a result of the reconnais-
sance work deme on the portion of the walley, diverse groups of soils - some
well defined and some ill-defined - were recognised, and, for the subsequent
laboratory studiss, the reasonsbly well expressed groups and types ticreof
were sampled, keeping an eye on their trustworthiness ss representative
sasples of the ares surveyed within the time thet could be spared for the
extra-laboratory atudies. The soil groups and types thereof sampled for
laboratory studics were named after their colour and surface texture without
attaching any pedological bias which might sound rather presumpitucus. This
had to be dome for want of suitable locality nemes for all the types sampled
to maintain a uniformity of nomenoclature all throughout the text. However,
the profiles sampled wers named as follows:-

(1) E‘} R.B.E, 1/SL )

) R.B.E, 2/SL ; Comprising the group of Red Bromm Harths.
e) R.B,E, 2/5CL

(2) §:§:§: ;ﬁ ; Forming & group of Yellow Brown Earths.

(3) P. 1/8 Representing a Podsolized soil group.
AN

®) ﬁ::&; ; ccnfomine a group of Black Earths,

The laboratory studies which were done an natural horizon basis com-
prised:
{s) Mechanical anslyses.
(b) Chemical analyses.
(o} ¥ineralogicsl analyses of cley fractions.

The resulis of the mecbanical snalyses showed that =
(1) The profiles studied irrespective of group or type are essen-
tially genetic profiles, i.e, the sluvial emd illuvial horisons sre genetically
correlated - and ss such the investigation snd the subsequent thesis should be
pedologically walid;
(11) The textures of the scdl samples colleoted from the different
horisons of the profiles wnder the Investigation,as found by plotting the

mechanical analyses data in Marshall's (1947) texture diagran, were in close
agreement with the field texture,

The chemical analyses were performed to follow the distribution of ol

ution of pi,
CaCO,, Fitrogen, Phospharus, Organic Carbon, Total Soluble Salts and Chlorids,
Pree Iron Oxide, Exchangeable Basss and Capecity, with depth (of course on
natursl horison basis). The data of the above analyses have been presented
in msthematical and graphical figures.

1.
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The inter-relationship beiween the different constituents » partioularly
between nitrogen snd carbon, nitrogen and phosphorus, total scluble salts and
sodius chlorids, ignition loss and organio carbon, percentage base saturation

and soll zeustion,has been brought to focus by discussion and illustration as
well,

The contributiona due to organic and cley colloids towaxrds the iotal
exchange cspacity in soils of the different groups studied wers statistically
analysed and presented. The correlation between the total exchange capacity
a3 determined analytically and the total exchange capsoity caloulated from
statistical dats has been illustrated graphically, It has alsoc been brought
to foous thai whether or not the value, i,e. omtridution due to organic matter,
is atatistically significant, it is simply impossible to disregard the ocoriii-
bution of organic metter tomards the total exchange cmpacity of soils whatever
the genetiz group may be.

The distribution of free iron oxide has been studied boih in soils and
the correaponding clay fractions om horizon basia, and the movement of freoe
iron oxide in the soils studied has been fully discussed. It was found that
the free iron oxide particulerly in the A horizen is also significantly assooia-
ted with some fraotion other then clay - especislly so in the case of Black
Earths, and as a possible suggestion it has been socught to be allocated to the
huic matize ag well,

A sewrch into the ressons for the colour of the solls, particularly the
very dark colour of the Black Earths, was made. It has been found that the
blackening aud darkening are all due o organic metter, and neither due to
Titaniwm nor due to any clay mineral. It has also been shown that the intensity
of red brown and yellow brown colours is in olose agreement with the alundsnoce
of free iron oxide in soils, The red toning has been suggested to be due to
better aeration and ageing and the yellow toning due to the provelence of
reducing condition imposed by impeded drainage and also high water table,

The distribution of Titsnium in the clay fractions haa been specially
discussed with relerence to ita pedological implication, snd it hes been
argued that sccumulation of T10, in the A horison cley end gradual fall in the
B horison olay is sn indicatlion of a podsolic process of soll formation.

The clay fraotions have beea fully atudied for the B0, (.F¢203 'S &2033,
3‘102: Alzﬁj and Alzajz .?@-205 ratios., The implications of the distribuiion of
the sbove menticned rutios with depih (on horiscn basis of course) have been
fully discussed, at differemt stages, o acoount for their pedclogical signi-

ficunoe and elso the mineralogical make-up of the clay fractions.

The grouping or classification of the soils studisd waa attempied on the
strength of the morphological and chemical charactoristios (pariicularly of
the clay fractions of different horisons).

Zhe Red Brown Karths studied were grouped as such following Prescott
{1247) perticularly becsuse of their close agresment with the Red Brown Earths
studied by Piper (1938) both in morphology and chemistry, and especially the
clay-chemistry.
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The Black Esrths were allocated to the rendzins group particularly
because of their morphology in harmony with chenistry,

The Yellow Brown Earths wore regarded as Solodised-Solonets Soils - the
Y.B.B. 2/1S being weakly solodized and Y.B.E., 1/8 being strongly solodized as
evidenced by both morphology ani chemistry (psrticularly of the clay fraction).

The P, 1/8, although locking like & Podsolimed soil, hed ultimately to
be conaidered as a Solod mainly because of the presence of a cracky 31 horison
indicating & columsar tendency irn that horisan.

An sttexpt has been made to trsce the history of the evolution of the
soils studied and it was found that the geological 2nd climatologioal history
of the arca under investipation seems to dbe uainly responsible for the develop-
sent of the diverse groups of soile enocountered in the prosent study. It has
been shown thet the valley had two forces, or rather two elements working
together fxem the start, the elements being & calcimorphic one and a halo-
morphic-cum-kalogenic one, snd, with the improvemsnt in the mid-recent period
(Browne 1945) in climstic condition from the previous arid cyole, the intexrplay
of lime and alksli, subsequently modified by the intrusion of a hydrologic
element ocoupled with micro-topography snd also by the intervention of phyto-
sphere i.e. vegetation and humsn elements, brought sbout the diversity of the
so0ll patiern as encountered in the area under study.

The last attewpt was itaken to study systematically the clay minerals ’
their qualitative and quantitative mature, thelr distribution with depth,
their pedological significance snd so on - the clay fractions being isclated
from natural horisons of the scils studied,

It was found that the clay minerals of the soils studied are oomposed
mainly of Illite and Kaolinite, in varying relative proportions. The Rend-
sina clays were found tobcminlynnﬁa, whereas the Solod is dominantly
Kaolinitic - the Red Brown Earths and the Solodized-Solonets being domirantly
Illitie.

The relationship between the chemicsl nature and the mineralogical mske-
upoftheclayfraetimhubemdhmoﬂmﬂitmfumthumsmz:
azoj ratio is a fairly good indication of the relative sbhundance of the Bi-
layer and Tri-layer minerals in the clay fractions excepting the clays of the

hyiro-halogenic soil in transitional stsge partioculorly in the sluvial horisoa.

As a test of reliadility of the X-ray studies, same sslizctzd clay frao-
tions were analysed for their Kzﬂ content and also NzD content, It was found
that the Kza data ocoupled with the 3102: 3203 ratic aupport the qualitative and
quantizative report of X-ray snalysis, especially as far as the Illites are
concerned,

4n attempt was also made to discuss the poesibility of assigning a value
of total emchenge cspacity to the Illites under the present study end it has
been sought to prefer a value of 50 m.e.% ze total exchange capasity for the
I1lites studied hereunder, thersby showing an inolination to the view of
Endell and essoc. (1935).
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Itemp of Interest.

1. Shﬂyonthemmntafrmeimmasinuﬂamdclmm
h{ﬂ" )

2, Fusion snalyses of the clay fractions and the distribution of the
§10,: R0, and associated ratios with depth on natural harisen besis.

J. Stuides cn the clay minerals ~ qualitative and quantitative -~ on

Without making sany direct commt, it might be seid thet most of the
ebove studies, as far as availsble literature shows, seem to be new on
Am&tﬁmm&aiﬂwmaumﬁi@ahwnmdu!mm
pointed out from time Lo time; some of the studies mey even be regarded sz an
opening attempt in soil science in genersl.
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INTRODUCTION,

Situated at a distance of sbout 50 miles north of Adelaide, the capital
city of South Australia, the BAROSSA VALLEY is regarded as one of the most
productive horticultural sress of the State, The Valley, according to L. W,
Jervic (Dept. of Infarmation, C/A) is one of the biggest and best wine produc-
ing areas in Australis. As such the valley is an important factor in the
Australien economy,

- The geography and geomorphology of the valley can be considered in terms
of two separate blocks formed by the east-west mun of the north Pare river -
Fig. 1; which eventually follows a southwesterly direotion, On the bank of
the east-west run of the river is situated NMuriootpa, a small township.

The level flats surrounding Furicotpa extend eastwarde to the foot of
the Angasian Hills which are ean extension of the Barossa Ranges - Hossfeld
(1925).  These culminate in Mount Katserstuhl, 1980 ft., - Tepper (1888),
now known ss Kount Kitchener - Hossfeld (1935). 1In this direction the width
of the flat plain is sbout three miles. The Greenock and Meppa Hills bound
it at a distence of sbout two miles to the west. Towards the north, it extends
tostwmllan&mrthwmmmmstwsﬂaformsixcrsavmnilesto
be finally blocked by the Kapunda and Truro Hills (not shown on the map).

To the scuth, it gently rises to a low ridge, at the western end of
which Tenunda iz situated,and descends rapidly to a lower flat through which
flows the Tanunda Creek in an emst-west direction, From here the ssme forma-
tion of the ground is repeated astretching in a curve from north to south and
being traversed by Jacobs Creek (easi-west) extending to Rowlands Flat to the
south and finally narrowing tc about one-sixth of a mile to jJoin the Lyndoch
Valley flat to the south-west,

Backed by the northern Mount Lofty rangee, snd having a practically
wniform climate, the Darossa Valley hag a very complex and puszling soil-
distribution pattern presenting significant problems of pedclogical interest.

The decline of the fertility of the Barossa soils - due probadbly to
continuous cultivation since settlement - as evidenced by the frequent patchy
and poor growth of the fruit trees, and the ocourrence of diseases in the
fruit trees (which will be referrsd tc in the Survey report) calls for
imnediate attention and smelioration,

To achieve this, the necessary prerequisiie is obviously an intimate
knowledge of the soils and the conditions prevailing therein which would be the
guiding steps foxr the Pathologists and Agriculturists.

The importance and necessity of & detailed study of the Harossa Soils,
which can thus hardly be over-emphasised, was cne of the factors leading to
the present investigation.
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FIELD AND ASSCCIATED STUDIES,



As the main cbject of the investigation wss pedologiosl, the first and
fmtmmtodomﬁeldhnmmginmtommma
under natural conditions. This wes possible through the courtesy of the
C.8.1.R.0, (Sodls Division), Reconnaisssnce work was undertsken in sonjunc-
tion with the C.8,I.R,0. Survey Paxrty, keeping an eye o the maximm possidle
time that could be devoted to field studies.

However, within the part of the Valley that could be covered in the
time available, diverse groups of soils wers identified to be expressing them-
selves in a complex pattern within the area which Hossfeld (1949) has termed
the "Barossa Sckungsfeld®, The sejor soil groups recorded ss showns on the
acoompanying sketch map ~ Figure | - are:-

(1) Red Brown Earths.
(2) Black Rarths.

(3) Podsolized Soils.
(&) Zellow Bromn Esrths,

DT DN SOL VAR,

The Broun Earths ocour on the eastern side of the Valley below the
Angaston iills and are divided into two distinot areas by the North Para
River., It is interesting to note that the more soutisrn of these two sreas
extends south and weat in a broad band in close proximity to this river. A
zone of alluviel soils occwrs in the valley floor itself, varying greatly in
width,

The Light Pass ares provides = good expression of Red Brown Earihs.
The soil type dominant in the area surveyed was named for the field purposes
58 R.B.E. 1/5L snd might be tentatively named as Light Fass sandy loem. But
for want of suitsble locality nemes for all the other Red Brown Zarths and
other soil groups as well, all the soil groups and types thereof were named
efter their colour and texture and will be referred to hereinafter as R.B.E. 1/
BL, R.B.E, 2/8L, R.B.E, 2/5CL and so on.

The 2,B.E. 1/SL has a grey-brown line sandy losm surfsoe beooming lighter
in colour with depth, A definite bleached Ay horizon is encountered in
undisturbed sitss at about 6 inches im depth. 4he R, horison of red-brown to
dark red-brown clay oocurs at about 121mhesmdat30-}31mhesths!2
horison sppears. It is a brown clay containing lime, Below 4} foet, a mottled
reddish brown and brown sandy clay to light clay with some lime ocours,
Abundant mica grains and occoasional stomes and gravels largely of a quartsitic
nature ococur throughout the profiles. A atony and gravelly phase of the type
was recognised. It was found associated with very local rises and/or slopes
of rises, Some minor veriations of the iype, such as depth of the surface (A)
horizons, and some slight mottling of the 31 horizon were also noticed, but
they were of minor significance in the srea surveyed.
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The topography is very gently undulating with a slope of 0-2% and the
drainage both internal and external is good.

The miive vegetation is represented by ccossional red gms (Bucalyptus
Sameldulensis).

Some wind erosion probably ccours. Gully erosion occurs in the
vicinity of oreeks but is stabilised for the most part.

Trees and vines are in fair to good condition, although apricots are

patchy, largely due to the prevalence of a pathogenic disease - Gumuoais -
and some vinep seem to be past their economic life,

The other types of Red Hrown Earths express themselves in association
withthe!ellmm&ﬂhsmmiﬂymmlbamumm@y.

Por ooumiemce in the field the name Yellow Brown Earths was given on
account of the general yellow and brown colours encountered in the subsoil,
particularly in the auger samples. They differ from the Red Brown Earths in
the faot that: (1) the subsoil colours sre mottled in yellows and browns as
against red brown in the Red Ercwn Earthe; (2)thcsmtmoftha81
horiszon is coarsely colummar as asgainst prismetic and nutty in the Red Brown

Farths,

The Yellow Brown Eartha ocour in two distinot areas:-
(A) the area south of the North Pera River is bordered on the west
and north by Red Brown Esrths, an the esst by the southern part of the
Angagton Hills, and on the south by the black eartha:

(B) the area morth of the river occupies a somewhat centrsl
position in the lower lying portions of the Valley., This zome of Yellow Brown
Earths is charactsrised by the ccourrence of many small areas of both Red Brown
Barths and Podsolized Soils and by the diversity of the morphology showm by the
profiles of the individual scil types.

The two most important Yellow Bromn Harths identified in the area locally
known as “dirty cormer" are denoted as Y.B,E. 1/5 snd Y.B.E, 2/1S, Very small
areas of & Red Drown Earth - R.B,E. 2/ with two subtypes R.B.E. 2/SL and
R.B,E. 2/SCL cocur also.

Y.B.E. 1/8 cocurs on very low and sprawling rises throughout the area
end supports a vegmtim sasociation dominated by Cellitris propinqua (native

Eucalyotus leucoxylon (blue gum), Benksis marginata (houcysuckle),
Cegysrine stricta (uk). Acacia spp. are also priainent in the association,
The surface horison is a Yight gray brown fine sand., A distinet bleached
horigon of a pale brownish white fine sand conteining some buckshot and quarts
gravel oocurs a% about 6 inches in depth. The B, horizon appears at sbout 12
inches and is grey, yellow-brown and brown mottled clay with an irregularly
developed columar structure. At 26 inches the subsoil beccnes a yellow-grey
&nd brown mottled clay with an intimate netwark of red-brown sandy clay.

Lime, both in amorphous and concretiomary forms, ocours at about 36 inches and
persists to beyond 6 feet,
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Y.B.E. 2/1S has a grey bromn loemy sand surface with a thin bleached A,
horison oontaining a small emount of buckshot gravel. A drsb mottled brownish
grey and yellow brown, cosrsely colismar clay oocurs at 5-6 inches in depth.
Below 15 inches the colour of the clay becomes brighter and lime occurs at
about 22 inches. At 30 inches there is a "marly" horison containing pockets

of clay. Below 38 inches the lime content decreages alightly but persists to

This type supports a vegetation associstion dominated by Eucalyptus
odorata (pepperwint). An interesting festure is the ocourrence of small local
depreasions or “clay pans® within the type. Unier natural conditions the
surface soil of the clay pan is often no mare than § inch in thickness. It is
a brownish grey clayey sand. %The clay pans which are waterlogged in winter
and spring support a community of cypersceous plants.

Transition zanes between Y.B.E. 1/S and Y.B,E, 2/LS are often broad and
the tracing of the boundary is carrespondingly difficult.

In this area also occurs the R,B.E, 2/ . 7The more impertant type was
found to be R.B,E. 2/SL. It has 2 grey brown ssndy loam surface horizon,
underlain by a thinly developed blotchy grey-brown and brown sandy clay losm
horizon. '.BheB,‘ horizon of a dark drown to red-brown clay ocours between 5
end 6 inches in depth. Lime appears at about 12-13 inches. 4 "marly" horison
of about 10 inches thickness starts between 18 and 19 inches in depth. Below
29-30 inches the soil material omsists of & greenish yellow-brown clay with
large pockets of lime both in the amorphous &nd coneretionary forms., Swmall
amounts of buckshot gravel were also cbserved throughout the profiles,

A shallow phase of the R.B.E. 2/ baving a sandy clayey loam surface was
also sufficiently important to merit sampling., This was named R.B.E, 2/5CL,

The topography of the area is flat to very gently undulating with slopes
from 0-2%. The drainage is impeded, probebly with a perched wetertable during
winter and early spring. Waterlogging in winter and spring months is a majar
problem in the area, Trees, notably spricots show particularly patchy growth
on this account., Some gquite fair areas of vines were noted where they are not
waterlogged, dut on the whole vine growth tends to be patchy, It is definitely
poor in the zlay pan phase of the Y.B.E. 2/LS,

The distribution of the Red Trown Esrthe in relation to the Yellow Brown
Earths in the area of impeded drainage is such that the Y,B.E. 1/S and R.B.E, 2/
occur in local low rises <noircling the relatively low lying flats wherein
ocours the Y.B.E. 2/LS to receive all the surface runnings of Y.B.E. 1/5 and
R.B.E, 2/ .

FPodsolized Scils. Two areas of Podsolized scils are shown on the
accompanying mep (Fig. 1), The larger area occurs along the northwestern
margin of the valley immediately below the Greenock Hills, Yellow Brown Eerths
also occur here in the lower lying situations.

Another and much smaller area of Podsolized Soils ocours scuth of the

North Para River in the middle of the Yellow Prowm Earths on a canparatively
elavated spot.
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Iwo types of Podsolised Soils were ocbserved - one with the {A) borison
exoeeding 20 inches in thicikness and the other designated as P, 1/5 with the
{A) horizon. of ebout 14 inches thickness. The latter type was more wide-
spread in the ereas surveyed. The P. 1/5 has a 1ight brownish grey sand
surface passing to a distinot bleached (12) horizon of off-white sand at about
6-8 inches in depth., Some gravel ocours in these horizons. The B, horison
usually appears between 14 and 17 inches. On closer and more careful examing-
tion after the opening of the pit, the 31 horizon revealed & columnar tendency
in the structure., It is a mottled grey, yellew-brown, and red clay. A
sandy clay mottled in red, reddish-trown, yellow, yellow-grey and light grey
appears at about 22 inches, From sbout 39 inches in depth the texture changes

%o a clayey fine sand and light grey beocomes the increasingly dominant oolour
with depth.

P. 1/3 ocours on the slopes of the order of 4-6% with a fair-good drain-
age condition,

On the flat country below the slopes of the nﬁx;tdhwn‘t':mﬁil both
Y.B.E. 2/LS and R.B.E. 2/SL ococur. Another type of ngrrﬁ. designated as
R.B.E. 3/was also noticed with a more mottled subsoil than either of R.B.E. 1/
or R.B,E, 2/ . But the R.B.E, 3/ was found in areas too restrioted for
typing purposes.

The vegetation association supported by P. 1/8 is dominated by Callitris
Ppropinqus. E, leucoxylon is also prominent.

The growth of apricots and pears is fair to good, but spricots are oftan
patchy due to "Gummosis®. Apples and quinces are only just fair in this zrea.
Vines tend to be zomewhat paichy although some good areas were notsd..

Wind ercsion is & danger particularly em the upper slopes and where vines
are planted. It usually results in local ramoval and deposition of the surface
scil material and can be feirly serious for these local patches,

Black Ferths, The Elack Aarths occur in the southern part of the valley
from Tanunda to Rowlands Flat, The topogrephy here is quite distinctive,
It coneists of mmerous ridges stretched scross the valley from sast to west
and dissected by cresks. The Black Zwrths ocour on the cresis and upper slopes
of these ridges. Various umclassified soils gcour along the small oreek
valleys.

Two phases of the Flack Rarths were noticed, one with = deep surface clay
horisonm and the othéer with s shallow ane.

mmm:twtrimtmthemﬂao@withanrydukmyto
black clay which is quite friadle with granular to nutty structure. No visible
lime was found in this horison - deep or shallow, At about 20 inches in the
decper phaseBL.E(A), and about 7-8 inches in the shallow one ~EL.E(B), the
clay becomes variously mottled in brownish-grey, brown, grey, reddish-brom, cic
and lime mpkes its appearance. The lime all throughout the profiles down to
9 feet was charscteristically amorphous and soft and at about 38 inches in the
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case of the BL.E(A) and 30 inches in the case of the BL.E(B), the texture of
the clay was noted ss clay with lime. Unlike the other groups, there was no
sign of decrease in lime cantent down the profiies. The clay was found to be
friable all throughout the profiles snd the structure maintained a granular and
nutty structure excepting in the case of BL.E(A} where the clay showed a
tendency to messciveness at depths between 20 and 35 inches. The profiles
showed no indieation of genetic horizon developmeni. The clay underlying the
surface dark grey-black horison showed randomly distributed brownish-white
specks of lime on the expossi surface of the pits.

These Black Earths have been particularly esteemed for their productivity
and all of thex were brought under ths plough thereby leaving no frace of say
native vegetution. The thin strips along the fence lines exhibit a network
of surface cracking and the crackings are quite deep too,

The micro relief of the area is flat with a moderately good internsl and
external drainage.
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THE SOIL PROFILES FOR LABORATORY SYUDIES.

Having covered the area representing the four main groups of soils
by suger boring and general traversing, some spot areas were selected for
detailed morphological stwdy and for collecting samples for laboratory
study from reascnably well expressed and representstive soil types.

The samples collected for the laboratory investigation comprised
three types of Eed Brown Earths - R.B5,E, 1/SL, R.B.E. 2/SL and R.B.E. 2/3CL;
tro types of Tellow Brown Harthe - Y.E.E. 1/S and Y,B.BE. 2/LS; one type of
Fodsolized Soils ~ P 1/S,and two types of Black Earths - BL.E(A), BL.E(B) -
the desoriptions of which are in Teble 1. The notations SL, SCL, S and 18
used to designate the soil types indicate the psurface textures which are
sandy loam, sandy clay loam, sand and loamy sand respectively.

/Table 1,



Sedl Zype.

R.B.E, 1/8L

Soll Number. Hordzou. Depth in

1514,

15145

15146

15147

15148

15149

Ay

28

inghes.
0 = b

9 - 14

12 - 27

O S0 OPILES.

Morphology.

Greoy browm fine sendy lcam with 2 trsce
of grevel, loose when dry and cloddy when
mnolet,

Light grey brown fine sandy loam with
light bromn stresks, small amounts of
gravel and stone - Compeet.,

Mottled grey-brown, reddish-brown fine
sandy losm with a trace of gravel,

Red brown ~ dark red brown hard and come-
pact olay with irace of quarts grit,
dime appsaring struoture tending to
prismatio,

Brown clay with lime and lims ocated
quartzitic gravel.

Mottled reddish-brown and trown sandy to
losmy olay with & trace of lime and some
stone and quartsitic gravel,

Relief,

Flat to very
gently undula-
ting. Both
internal and
sxternal
drainggo -
good. Slops -
.

Culturs.

Horticulture,

‘et



Seil Type.

R.B.n. a/er

Soll Nuber,

15150

15151

15152

15153

1515,

15155

DESCRIPTION OF THE SOIL PROFILES,
Depth in mh_g_o},gn‘
Anches. :
i”' 3 Grey brown pendy loms with a trade of buok-

3% - 43

5% - 13

13 - 17

19 « 27

29 - 39

39 - 60

shot gravel, looss when dry and tendency
to cloddy when moiat,

Blotchy grey brown and brown sandy claysy
loam with = trace of buok-shot gravel -
Compact,

Laxrk brown, red browr clay with a trace of
buck-shot gravel, nutty-oubic structure,
herd and knobby when dry, plastic-sticky
when moist.

Dark brown, red brown clay with trsce of
buck=-shot gravsl, lime appearing, prismatiec
gtructure, hard and knobby when dry,
plastic-stioky when moist.

Brown-dark brown marl with pockets of clay
in highly caloarecus (amorphous and
indurated)matrix and traces of buck-shot,

Greenish ysllow-brown olay with pockets of
lime, cubic in structure, hard when ary,
plastic to stiocky when moist,

Same as above - below 60" not penetrsble,
hard indurated lime material,

Relief.

VYery gently
undulating,
ocours on
local very
low riges.
Both internal
and external
drainage -
fair to good =
the external
being on the
good side and
intermal on
the fair side,

Culture,

Horticulture,

€t



R.B.E. 2/SCL

15157

15158

15159

15160

12 - 14

Grey brown sandy clayey loam with a trace of
buck-shot gravel; oompaot both when dry and
nodst,

Brown, red brown olay with trace of buck-shot;
prismatic atructure dreaking domn to nmutty
and cubic; hard when dry, plastioc-sticky
when moist.

Dark drown clay (highly caloareous) with trace
of buck~-shot; hard whon dry, plastio-sticky
when molst,

Karl with pockets of dark brown clay; trace
of mkeﬁhﬂte

Creenish brown with black inclusions clay with
pockets of amorphous snd indurated lime;
trace of bucke-shot gravel; hard while dry,
plastio~sticky while moist.

Same as R,B.E, 2/8L.

Virgin.

1



Soil Iype.
Y.B.E. 1/8

8ol Nysber.
15164

15162

15163

15164,

15165

15166

15167
15168

I P g,

ZABLE 1 (Ctd.)

DESCRTPTION OF THE SOTL FROFILES,
Depth in Morphology. Relief, Sulture.
Anches.
0~13 Light grey bromn fine sand; single grain ¥lat to gently Virgin,

struoture; loose when dry, coherent when meist. undulating. Occurs
on lww spravwling

15 -5 Light grey brown fine sand; stiuoture and rises, BExternal
oconsistence as above, drainage good, but
; , intermally impeded
6«12 Paint brownish-white fine send, a slight trace of (probably perched
buck-ghot and quarts gravels; single grain water table during
strocture; ocompact, winter and early
| spring).
12 = 13 Groy with browa, yellow-brown mottling, off-white
ssnd-clsy capping (domed); very oompact.
13 - 22 Grey with yellow-brown, brown mottlings and black

conoret, and inel. clay; irregular ocolummar
structure, hard and tough when dry, sticky whem
moist. Zhe columns interspersed with deep
verticsl converging oracks.

26 - 38 Mottled yellow grey, brown olay with an intimate
network of red brown with dlack incl. sandy clay;
massive; hexrd when ary,

by - 5l As above; 1lime (amorphous and indurated); massive,

63 - 69 Brown, yellow grey motiled olay with black inclus-
ions, and a yellow brown network of sandy clay;
lime ocontinuing,

69 - 78 ' Same es above (disoarded and mex, cont,)

*St
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Y.B.E., 2/18

15169

15170

151

15172

15173

1517

15175

15176

Anches,
0«3

bes

5=-15

15 - 20

22 - 30

38 - 48

57 - 68

ZABLE 1 (Contd.)

i oF ) .

Morphology.

Grey brown loamy sand; single grain strusture;
loose when dry, cloddy (week) whem moist,

Light grey brom loemy sand, trsce of buck-shot
gravel; single grain struoture; ocompact,

Mottled drab brownish-grey, yellow browmn clay
with trace of quarts grit; cosrsely columar
structure; haxd and tough when dry < the domed
colums intexrvened by deep vertical converging
grooves filled with sandy material,

Mottled bromn, yellow btrown, yellow grey clay;
tendency to massive; hard when dry,

Nottled reddish-brows, ysllow grey with yellow
brown inocl, clsy; lims appearing in pockets;
nassive; hard whem dry,

Marl - highly calcareous material with pockets
of mottled reddish-browm, yellow grey with
yellow-browm incl., olay.

Variously mottled brown, reddish-bromn, greenish-
grey, yellow grey olay with pockets of lime,

Variously mottled dark brown, yellow browm,
yollow grey with red and black incl. clay;
auall smount of lime and lime rubble.

Relief. Culture.

Flat, relatively Hoxticulture
Drainage ~

internally

impeded, exter-

nally nil.

Liadle to water-

logging during

winter and early

spring.

09-[



Scil Tvpe,

P. 1/8

Soil ¥uwoer,

15177

15178

15179

15180

15181

15182

Horizom,

RaBre 9 (Cta.)

Depth in Yorphology.

Anghes.

Q=6 Light brownish-grey sand with some gravel
(quartsitic); asingle grain struoture; 1loose
consistenoce,

8% - Off-white sand, 11§M gravel; single grain;
ceaented (slightly).

16 - 24 Mettled grey, yvllow brown and red clay;

tendenoy {o columer stivotureé; hard and
tough when dry, probably sticky when moist.

22 - 39 Mottled red, reddish-brown, yellow, yellow grey,
light grey sandy clay; maasive; hard and
tough when dary.,

39 - 51 Mottled pale yellow grey, light grey, yellow

clayey fine gand.

52 - T2 L:g:t groy with yellow brown stresked clayey
e sand

Relief,

Gertly sloping
with & glope of
5=, Good
external drainage
and a fair inter-
nal drainege. The
internal drainage
has a tendency to
impedance as was
evidensed by the
moist Az-'horison
sand,

- Culture,

Horticulture.

*LT



Soll Iype.

BL.E(A)

Soil Number.

15758

15759

15760

15764

15782

o

Loringn.

TABIE 1 (Ctd.)
DESCRIPTION OF THE SOTL PROFILES,

Anches,
C=7 Brownish very dark grey clay; granular; friable
when dry.
8% = 15% Black with browmnish siresked clay; nutty; frisble
20« 29 Light bromish grey with light brown and bleck
g%-?m large black atreaked clay; lime in
pockets; nutty-massive; frisble when moist,
30 - 35 Mottled brownish-grey, light brown and black streaked
. clay; lime in pocketis; nutty-msasive; friable when
woist,
38 - 60 Light brown with grey mottled 'clay-with-lime';

highly calcaracus {samorphous); granular; frisble
when dry.

Relief,

Undulating -
broad flat
ridges diassec-
Drainage both
external and
internal
moderately

good.

’8"



Soil Type.

BL.B(B)

15763

15764

15765

15766

15767

Disocarded

15768

3% - 64

T -

15 - 28

3 = 5b

5% - 20

90 - 108

Brownish very dark gruy eclay; gramular; friable Seme ss BL.E(4).
g ;

&

Seme as above,

Mottled dark grey, brown, yesllowish grey, inter-
mingled with mottled dark grey, light brown and
redddeh brown olay; lime in pocketa; granular;
friable when moist.

Mottled light yellow grey, grey, yellow brown, snd
reddish bromn olay; lime in pockets; granular;
frisble when moist.

Mottled 1ight brown, reddish brown, greyish yellow
‘clay-with-lime’; lime (soft) highly oaloareous;
granular; frisble when ary,

As above (discarded).

tiottled greenish brown, yellowish grey, bromn,
yollowish brown clay; with lime and lime rubble;
granular, frisble when dry,

Beldef,  Culture.

Same as
BL.E(A).

L Y.
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A shdy of the faotors oantributing to the formation of soils, as is
well known, is undoubtedly sn ezsentis} necessity in elucidsating the results
of any Fadclogical work, and as such information available regarding climate,
geology eto, of the srea under investigation hus boen traced as follow.

(4) Climate.

The climate of South Australia as a whole is scmewhat similar to that
of iediterranean countries, Cape region of South Africe, Chile, and California
- Ixuble (1948) - baving & rainfall pericd conpentrated betwesn Autumn and
Spring and a dry Summer, The DIarossa Valley represents an area of practically
uniform climatic oonditions with & mean amuel rairfall of 21-23 inches and a
mean annual sir tewperature of 48°F. The meen effective rainfall period
comprises 7-8 montlis commencing in laroh-April end cancluding in Gotober-
Hovenber - the offective rainfall being wmeximum during the ¥inter months.

The available information on the climstological datas of the area is
given in Tehle 2(a) to show the memthly distribution of rainfell end evapors~
tion. The data for eveporation were calculaied with reference to the Waite
Mﬁmmmmmm”smmmmaummuiu
Institute are also included in the Table for comparison,

The monthly values of Prescott ratio (P.R.) for rainfall efficiency -
Pregoott & Thomes (1945) - for the area are given in Tsble 2(b)., Because of
the fact that the monthly F.R. values of the areas surromding tha Valley show
& good comstency, the means of the monthly P.R, values of the surrounding
areas were taken to represent the monthly P.R, values for thes velley as a
whole,

By plotting the aversge P.E, values against the correspording monthg
the curve (Fig, 2) cbtained prements a sinuscidsl mature with its gradually
rising pesk at 2.42 in June end o minisum of 0,16 in Pebruary. The curve
shows that the number of months with olimatic index equal to or greater than:~

a) Oa“ is 7. 2
b) 0.8 * 53
¢} 1.2 - 4.0
d) 1,6 ® 3.0
€) 2.0 - 1 o?s

which signdfies that the bresk ¢f scason or the mean rainfal) season continues
Zer 7.2 nonths snd the rainfall is sufficien’ to effect leaching for 5.3
monthe, The nature of the curve further shows that the mesn rainfall season
is well backed by s steedily rising index to facilitate soepege snd prusibly

alse storege that covld be brought forward to mset the following dry period to
some entent,

The Index (on annual besis) far the leaching factor P/zC.7 and
P/s.n.o-? - Prescott (1950) - were found to be 1,313 snd 64,1 respectively,
Table 2(c), by taking the average of the mean znnual rainfall wvaiuves of the
surrounding areas to represent *p? for the valley and the average of the mean



TARLE 2(a), CLIMATOLOGICAL DATA - MONTHLY DISTRIBUTION OF RAINFALL AND EVAPORATION,

neoording ears Meoan Mean rainfall asnd evaporatic: in inches.
el L . Jan. | Feb. | er. | g Moy | June | July | sug. | Sep. | Oot. | Fow. Deo.

wonthe) |5 T E] 2| E| R| R| R |E| R | 8| 8| E| R 1E| R]E|R|B|R]E|R|E|RK]E
Angaston | 62 746 0.90} 8,700,771 7.4]0.9: | 6.0}1.73 | 3.7]2.39 | 2.0|3.03} 1.5]2.68 | 1.4 2,99 { 2.0 2.57 | 5.0 h.89 | 4.8}1.30 {6.8 .08 |8.3
Greenock | 62 Tobs 0.89 | 8,9{C.76 | 7.5]0.91 6;21‘69 30712027 | 21 12,70 | 131246 | 1.4 [2.86 | 2,0 [2.50 | 2.0 11«92 5.9 |1426 {77 1606 |8,7
Lyndoch 56 Te7 0.86 | 8.9{0.71 | 6.8]0.83 | 54511476 | 305 [2.42 | 2,013036 | 1.312.93 | 1ol {316 | 2,0 [2.78 | 301 RoOli | bals[1422 16,6 h.03 {8.6
Furicotpa | 60 7.2 0,90 9.410.71 | 7.500.90] 6.1 11,62 | 3.7 12,17 | 2,412,831 1.3]2.46 | 108 12.75 | 2,0 22,37 | 3.0 179 | 5.1 11,19 [7.5 1.12 8.8
Tanunda 75 7.6 0,94 | B9 067 | 742]1.00 | 5.9 [1.75 | 3.512.39 | 2.0 3.08 1.3}2.61 |14 |2.85 { 2.0 2,50 { 2.0 h.es 4eb|1.22 16,6 1,00 }8.5
Faite 8.6 7.0 6ol 40 2.8 1.8 1.8 2.3 3.2 ka6 6.2 7.8
mgit“4 ® o o -4 & [ ] L 2 [} [ 2 &

R —> denctes rainfall and stands for P (precipitation whioh includes snow in colder regions).
E — > evaporation.

‘2



INDEX OF RAINFALL EPFICIENCY (PRESCOTT RATIO - B/po 75) ON MONTHLY BASIS,

TABLE 2(b).

2 Jan, Peb, Yer, gz, ey Mﬂﬁm July Aug. Sep. e oy oRs
Angsston 0,178  0.477 Do 245 0.848 1421 2.237 2,082 1,778 1,128 0,583 0,309 0.221
Greenock 0.173 0,168 0.232 0.633 1.301 2,252 1.911 1.7 1.097  0.566 0,273 0,209
Lyndoch 0.167 0,169 0,234 0,688 1439 2,761 2211 1.8 1.188  0.672 0.296 0,205
Furiocotps 0.472  0.157 0,232 0,607 Te2hh 2,326 1,911 1,644 1,000  0.527 0.263  0.219
Tenunda 0,177 0,152 04 260, 0,684 1,421 2,531 2,028 1,69 1.097 0,602 0,296 0,201

Avsragh B.R, for Wi 0,173 0.16h 6,251 0,652 1,365  2.421 2,042 1,738 4.410 0,590 0,267 0,219

Valley.

<4



TABLE 2(c). ANNUAL CLIMATOLOGICAL DATA AND PRESCOTT RATIO FOR LEACHING PACTOR,

Mean aiyr Yean Aversge R Y¥ean E for Prescott ratio for the Valley Calculated  Cbserved
Station. Temporature Rainfall for the Evaporatica E for the Walte P/ Y, 8,0, for 8. D,
g in inches  Velley,  in inches Valley.  Institute, °/g0+7 8,0.%:7 the Valley,  Waite
(R). g, on annuel basis. institute,
Angaston &7 22.27 55.3
Greencck 48 21.32 57.6
24.87 557 5644 1313 6a1 0.216 0.213 &§
Lyndoch 48 23,10 53.1
Nuriootpa 48 20,82 57.6
Tanunda 48 21,87 5lpe9
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annual evaporation values to represent 'E' for the valley. The saturation
defiocit (8.D.) was calculated by assuming that anmusl evaporation from free
water surface is equal to 258 5,D, - Prescott (loc.cit,). The observed values
of 'S.D.*' and 'E' from Waite Institute evaporimeter records ars also shown in
Table 2(c) for comperisom.

By taking the above mentioned average values of mean annusl rainfall and
evaporation, the Prescott ratio for rainfall efficiency P/E°-75‘ comes to 1,073

and the corresponding walue for F/san.@.'fs equals 67,7 or this may as well be
presented as in Table 3,

IARE 3.
(A) P.R, for leaching faotor. (B) P.R. -for rainfall efficiency.
B/g0.7 B/3.p.0:7 B/30.75 B/g.p,0.T5
1.313 6.4 1.073 67.7

(A) and (B) are essentially the seme - (i) refers to data which have
been used to mark the boumdaries of great soil groups in Austraiia - Prescott
(1oo.cit.) ~ and (B) refera io data of more eluborate nature ooncerning the
length of growing season and tskes into full sccount all ths monthly data for
rainfall and evaporation as pointed out previcusly.

(B) Geology.

Genetically and structurally the Barossa Valley constitutes a portion of
the Northern Mount Lofty Renge, shich is one of the chief asaets and the most
highly appreciated besuties of the gulf regiom of South Australis, nay, of the
whole State - Femner (1931). To quote Sir Ssmuel Way (unveiling of Light
memorial, June 1905), who has given an eloguent sppreciation of the ares -
"Gne of the finest plains in the world, under the shelter of beautiful hills
which have moderated the climate, They have secured us from drought, have
furnished us with a beautiful water supply end with a glorious picture ?...‘.

The geology of the Mount Lofty Renges was one of the most baffling
problems that South Australisn geclogy has ever faced, In fact, scme of
the esrlier workers have gone sc far as to say that “The complexity of the
area renders it not only diffioult to come to any precise conclusion, but also
hopeleasly unattractive for a dotailed study®,

The first geological study in the Mount Lofty area dates beck to 1859
due to Selwm. Pollowing him & number of geclogists,notably Tate (1879),
Ulrich (1872), Brown (1884), Woodward (1884) and Tepper (1888) ceme into the
picture, Ths works of Tepper (loc. c¢it) are of particular sigaificsnoe to
the Parosss Valley itself and as suoh do deserve cocasional refarence in the
present text.

It was not until the first decade of the current century that a
antmtics‘tudyorthesoalmorapmwthsrmmmmmmw
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Howohin (1504). Since then Sprigg (1942, 45), Hossfeld (1925, 35, 49),
Howchin (1906, 26, 35) and othsrs produced quite a wealth of information o
the ranges under reference - the contributions due to Bosafeld (lco.oit.) seem
to e of great significance %o the Pedology of the Barossa Valley.

- However, the significant facts emerging out of the geologicsl findings
on the ranges under reference to date can be summarised as follow:

The area appears to have formed a part of the extensive Australisn
pre-mlocenc pemeplain, Warping snd block faulting, comaencing probsbly in
the early liiocene in some areas snd continuing episodically until recent
times, have dismcabered the region and destroyed much of the pre-existing
drainage.

The fracturing of the psneplain probadbly began with its submergence in
Hocene times and continued at the close of the period of deposition, resulting
in the Lresking up of the ares into mmercus sections at different levels and
emorgence of the present NMount Lofty Ranges from bensath the tertiary sea.

The emergence of the various blocks was acocompznied by tilting and produced
the present supsrimposed streams which are grafted on the pre-existing
consequent drsinage.

The trcugh faulting of this area has eventually resulted in the formation
of a mmber of fault basins.

A further elevation of the arec oonsequent to a further period of move-
ment took place resulting in the entrenchment of the consegquent streams,
revealing their superimposed character,and in the draining of the fault basins.
A final period of movement but of less intensity is believed to have closed
the series of earth movements which the area waz subjected to since the
Tertiary period,

The fertiie Barocsss Valley of today represents one of the above-
mentioned fault basins, the walley being formed by the filling uwp of & fault
bagin chiefly by deposits from the adjoining hills,

From what has been said above, it seems pretty clear that as the sgea
receded the fault basin (now Barossa Valley) assumed the form of an enormous
Leke csrrying braciish water,

Hossfeld (Priv. comm.) holds that the irregular stretch of sandy soils
at the foot of loppa Hills, extending to the sandhilla towards weast and north-
west, and sanother band of sandy seclls lying within a mile of Ianunda rumning
sout and south-sastwards of Nuriootpa, represent poriions of the shore of the
pre-existing "Lake Barossa®™ - Hossfeld (umpublished). It is interesting to
note in this comnection that as early as 1888 Tepper gave a definite hint of
the above theory,

Hossfeld (loc.cit.) contends that as the draining of thes lake, or, in
other words, filling of the basin proceeded the: heretofore submerged, compara-
tively lower elevations (due to differential teotenic movement) were exposed
and eventually led to the reticulation of the lake forming smaller lakes
bounded by the subsequently exposed ridges or elevations. With the march
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of time as the Lakes drained out,the brackish water - which as heir to the
pre-existing sea wes maintaining the lakes - laid down the zalis preferemtially
over the central portions of the valley floor snd alsc to somo extent/inkied
®11 over the valley - sufficient to cause trouble in the succseding generation,
i.0. the soils to be developed in the valley,

It has been claimed thet,with the exoention of deposits belonging to
the Tertiary or Guarternary exss, all the Sedimantary rocks of the Mount Lofty
Wmofi’repnhaomcage. mumﬂmmm:hwuenw
ummgwatlmtmwmnm. the oldest, the Barossa
Series, everywhere exhibiting intense metamorphism and extensive Igneous
activity; thke sediments above the Barosse Series have been identified with
those of the idelaide Series. It hes been shown, however, that they belong to
two unconformable series, $o which the names "Para® snd "Narcoobs® series bave
been given, They correspond respectively to the 'lower’ and ‘upper’ beds of
the Adelaide Saiies.

?ﬁahmm&utﬂbﬁrﬂamhbﬁuﬁyd«aﬁaﬁu:-
(1) Overmass - Tertiary rocks.
(2) Undermass -~ Caubrisn and Precambrian rocks.

(1) Tertiaries - These are relatively weskly resistant to ercsion and
level bedded and oonsist of linestones with interbedded clays and gravels, eto.

(2) Cambrian and EPrecaukrisn - The younger of these two sncient series
lies largely along the inner ourve of the Mowmt Lofty arc, with the more
complex older rocks o the east. The rocks themselves consist of grits,
conglomerates, cuartsites, slaies, limestones, tillites, schists, gneisses
and plutonic rocks, all highly indureted; with silicification and recrystal-
lisation, they are extremsly resisient to ercsion.

All beds are not, of conrse, of the sane oxder of resistance; thus in
the soaxp front that faces Adclaide the less resistant Argillsssous limestames,
calearecus slates, and mudstones gave rise to rounded hills and smooth sided
valleyz, suoh as Green Hill—the vantage point from which Iight surveyed
Adelnide plain in 1837 - Fermer (loc.cit.). The quartsites gave bold, high
scrub covered hills such es Black Hill and precipitcus walleys and weterfalls
as at Slapes Gully and Xorialta.

In addition to this, mention may bLe made of the Pexmo-carboniferocus
glecial deposits, readily erodsd, end thus prezenting once more to the air
large aress of later Palaeosoic landscape festures.

Now saming to the Pervasa Valley proper, the informetion available to
date can be briefly outlined as follow:

mmmmwmumzummmmmmt
of micnosous snd hormblendic schisls, gnelss, quartsites eni near Greenock

gEmnite. The last is intnniwmmlymtmwthebauordmaum
round about the north-east corner of Greencek (Pig. 1).
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Meognesian Limestone and a seam of very hard Xaclin were noticed near
Moppa and 2 vein of Baryta on the rosd nesr Creencok.

At Tenunds the river has broken through quarisites, sandstones and
micacecus slates. Above the cley slates and intercalated with them oocur
thicker or thinner sesms of crystallised limestone, mosily of & bluish or
grey tint, Ivon gpar was also seen,

io the east and south-eset of Tanunda, Miosene limestone deposits

assured enormous magnitude, forming the Angmaton Hills which finelly rwn on
to the Truro Hilla towards the north.

The sirip from Tammda tc Rowlands Flat, bordering the North Para River,
is underlain by conglomerates, grits, sandstones end slates, although the more
easterly pari is sasociated with a host of basic igneous rockz and marble,

As the oountry has been put under extenaive as well es intensive
hortioultural practices, the native vegetation wmas destruyed to a great
extont and as 2 matter of faot there is no trace of native vegetation left

. to identify the association of one of the soil groups (Black Barths) encounter-

ed in the valley. But none-the-less the existing native vegsiation clearly
indioates that the vulley has an association dominantly of EUCALYPTS ~ such as
B, Odgrats, B, Leucoxylon, B, Omseldulensls, interspersed with Callitris
propinous (native pine), Bankale marginata (honsyswkle), Casverina stricts
(oak) and scme goscls spp. sush as A, armate.
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¥ith the impact of Dokuchaiev school of thought on the westemn world,
the Science of Pedclogy gained its foothold as an independent branch of
sclentific discipiine in ocountries outside Rusgzis, It was not until the first
dm&aofthecmtcmtmthaﬁtbecmﬂmofthcmat«n&ndorm
chalev appesred with its far-renching significsnce in Gexman litexrature,
principally due to Glimks (19%4). Since then ths devotees of Ssience from
diverss directions oontributed a weslth of infcrmation wherein iies buried the
foundation of modern Soil Soisnce.

mmm#mmmthztmlwnmhafdnnem
mm»mmgtmuimoftmmﬂmsmtmtwwmumm
Mphgs@etathﬁﬁﬂeaﬁmwmmmmmmwm
distribution patierns of soils. The works of, anong others, Glinks in
Germany, Marbut in U,S,4., Robinsom in U.K., Presoott in Australia, certainly
accredit to ithonselves a treasury worth falling back om.

Inspired by the Russisn cutlook and the fast sdvancing fromtier of
Pedological Soicnce, Jemny (1941) has adapted and developed the original
equation suggesied by Dokuchaiev/ " %'aF (ol, 0, T, D, ), indicating thereby
that the soil u%mm&m&mnt@mﬁmmclimh,
orgenisms including vegetation, relief including hydrology, pancat material
and time, Jemy (loc.cit.) atteupted to present the relationships between
the pedogenic factors and the s0ll properiies whenever poesible in quentitative
terma, His paxseverance in applying his mathematioal cutlook to Pedology has
ceriainly been & great comtiridbution towards the attempt of ralsing the status
of Pedology ¢o the level of PURE SCIENCE, which was so fervently hoped for by
Dokuchaiev, who sald - "Nevertheless, we may hope that all these difficulties
will be overcome with time, and them Soil Science will truly beoocue a Pure
Sclence®,

Stephens (1947), however, has further cw %x;@d %y Sioped fids %%13&
poiniing cui that ia maiure the varisbles in Dokuchalev's squatitn are
completely independent,, He gives a complete lisi of all possible relation-
ships in ihe fom of partisl differsniiels, e.g. 85/80, SS/go ete, He
oontends that the relationship between a scil ani its faciors is best expressed
as:-
8 7??," (e, o, r, w, p) d%.
in which ¢ (%ime) is independent snd c(climate), of{organisms including vegeta-
- tiom), r (relief), w (hydrology), p (parent material) have both dependent or
independent status.,

Evidently, therefore, the development of soils ie a fumction of some
factors, which are very faithful allies of nature, and which still today have
refused to yleld o the laboratory comirsl, Notwithstanding the challenge of
nature, the goientists, determinel #o magter the nystery of nature, have taken
miadinctamu-themuofohsmﬁmmihrmrahﬁagtem
um-mmm»mmhmgtmrmtonofsmtmﬁmmdaftect
being the soils, 4nd as a result of the untiring effarts of the sclentists
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the information available to date is reasonsbly snough to enadle one to apply
the fundemental principles of deductive and induotive logis, ox, in other words,
if the causc - sn invarisble and unconditional antecedent - be kncwm, the effect
could be ressonsbly acoounted for and vice verss, on the strength of the
slready available information, pending verificstion by laboratery studies. It
is with this cbjeot in view that the present discussion was felt desirable to
trac: how far & general correlation of ths soils and the soil formers oould be
waced with regard to the Barossa Valley Soils wnder investigation, pending
the subsequent laboratory studies lhereof. %o do this, frequent references
will necessarily be made o the wurks of Prescott, whose cantributions,
Pedalogical snd climatologicel, are undoubtedly the guilding stars to Aus
Pedology. '

As is evident frvm the survey report cutlined before and the scoompanying
s0il map (Fig. 1), the Barossa Valley has prescuted diverse zroups of soils such
&8 Red Brown Harths, Black Sarths, Yellow Brown Barths and Podsolised Soils,

From the climatological deta furnished in Tables 2(a), 2(b) and 2(c), it
is pretty clear that the area has a distinctly long wet period and a short dry
swmner period. The Prescoit ratios for rainfall efficiency plotied againat
the corresponding months (Fig. 2} show that the duration of the pastorsal sessom
is 7.2 months,which iz mede up of pericds Maving a -~

Prescott retio P/BQ; 75 of 0. for 1.9 months {for start of pastoral season)

" " " * 0,8 ® 4,3 ©® (for start of drainage)
- " " “ 4.2 ® 40 ©®
" » " " 1.8 * 1,3 *
» " ® ® 2,024 "1,7 "
Zotal 7.2
A

which indicates that drainsge through the soil oan take place for 5.3 momths/
yeax at varying degrees and the soil profiles would be expected to show
ifferentiation of horisons depeniing of oourss on the other assoclated factors.

From a consideration of the Prescott ratic of lesshing factor P/‘oﬂotnd/
or P/s.n‘o,-,'o for soil-group boundaries, which (on 2n armual basis) are 1,343
and Si.1 respectively - Table 2(s) for the walley - the srea lies within the
zone of Red Brewn Earths and Black Zarths (vidc Prescott's (1950) mup of
Austreliz with isclogs of the elizatic index projected against the boundariss
of the xajor scil zmes)..

Thirdly, the data for the saturetion deficit end precipitetion, which
are 0.216® and 21.87" for the srea, when plotted in Prescott's (loc. cit.)
rainfall-saturetion deficit disgran in relaition to dominant soil sones of
Austrsliz, fall in the sone of Red Hrown Esxths ané Elsck Earths. In Pig. 3,
which 1s = reproiuction of Preacott's (los. cit) above-mentiomed disgram, was
plotted the point to siiow ths precipitation and saturation deficit of the
valley and the acterisk marks the position of the Barosss Valley with reapect
to reinfall and saturetion defiocit, showing olearly that the arsa is merginally
but distinotly on the Red Brown Farths' side, the Black Earths being aitusted
on the relatively slightly wetter side.
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Thus of the soil groups sncountered in the Barossa Valley, climate quite
satisfactorily socounts for the Red Hromn Sarths and possibly to some extent
for the Black Rerths which express themselves in the alightly wetter part of
the valley, although the oocurrsncs of the Red Brewn Zarths aloengaide the
Black Earthe seems to speak against this microclimstic comtention. For the
other two groups, climate by itself does not apparently seem to ko very helpful
And in fact one would not expest either to cast sll the die on climatic alone,
particulsrly in a practically homoclimatic ares, es otherwise it would be
tantamount to the outright denial of the very concept of Pedology which does
envisag: that soll is a formation of the corporate and co=operative activities
of different factcrs of which climate is one - very significantly important
though., It is, thus, just but fair that the other factors should be given
the chance to show themselves up to make their presence and sctivities felt.

It is in the fitness of things thet Geology., with all its significance,
should be dealt with next, but bearing in mind thet this does not necessarily
mean even by implicetion thet Geology is of a lowsr order of importance than
that of climete emd in fact the matter would be the other way round, partiou-
larly where solls of a limited arsa are considered.

The geological history of the Barcssa Valley as cutlined before leads to
some very aignificant implications of profound Pedological intersst:-

{a) The emergence of the valley from a "Pre-existing lake" main-
tained by the brackish water or saline water (an heir to the Miocene sea),
whioch Mints at a distinot possibtility of the cocuxrence of selt affected soils,
i.e. alogenio golils,wherever local conditions make it possibls and reascmably
free from opposing forces such as excesa lime, extrs good drainage,

(b) The £il1ling up of the walley by colluvial materials brought
down to the valley floor from the adjoining iills and also by matarials lsid
down from the sem water, indicate that the initial state of the soils, in
addition to being saline, was elso highly heterogeneous in nature - comprising
quartsites, sendsiones, misececus and hormblendic sohiats, gneissss, micaoeous
slates, conglomerates and zbove all lime (herd snd soft), and possibly also
granites from Moope Hills (Fig.1).

Rovalling thet the Yellow Irosm BEarths - both types - have shown distinct
evidence of salt influence in their morphology, i.e. the characteristic
mmmtumsnmai horisgon, even though the presence of lime was
noticed in the Bz horizon, it may be said that it wesz quite to be expeoted from
whet las been sald in the parsgreph (a) and (b) as well, ind in faot cvery-
where in the woerld Solonets morphology sppesrs to develcop ocommonly on marine
and lscusizine sediments.

The paragraph (b) quite well explains the presence of lime in the Red
Brom Earths and ihe Yellow Brown Earths as well.

In the case of the Blaok Farths, it is to be remembered that (1) the
sub-soil horisons showed no tendency of decreaso in the lims content with depth
unlike the nearby Red Brown Eartha, indicating thersby their more highly
calearsous initial state amomgnt all the cthers; (1i) while estimating the
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textwre of the subscil clay in the field the clay down at 30-38 inches was
recorded ns olay with lime, indicating thereby that the lime is sc soft and
m&ydiﬁwthatitaamdmhanfomdanintﬂar&lpaﬂ?oftheclq;
(411) down to 90 inches the lime was all soft and marly with no sign of
concretion or induration; only at a depth of 9 £t. some traces of lime rubble
were observed in the general soft and merly matrix,

In the light of the ebove three observations, it may not be too much to
say that the initial sizte of the Black Earths was u soft and very highly
eﬂmmtman&axamhthemc@oftmmmk&rthsuu quite
up to expectation from what appears to be fircguently reported in soil litera-
ture,

The P. 1/5,which apparently looks like & Podsclised soil, seems to be
cquite deceptive as the By horison has shown a columnar tendency, Minting
thmbyﬁutthsaoilispxmmyam@&,bntmormmﬂmmmuw
it may sound too presumpiuous to regard the soil as a solod right from the
atart, mtfhamhclogyafthaa, horizon suggests so, And in feot an
invasion of sal§ particularly when no lime was found snywhere in the profile,
is quite an ezay affair, And possibly teosuse of a much lighter textured
initial state - brought sbout by wave aotion of the pre-existing "Lake
Barossa" snd of the topographic advantsge - the soil was fast moving towards
the freedom frwn selt invasion. DBut at any rate the invesion of salt seems
quite likely, psrticularly in the sbsence of a msjor opposition, i.e. lime,
and hence is the presence of a merk of a supposedly previous solonisstion on
the body.

Thus it seews that the geological history, in ¢onjunction with the sedi-
menis and alac the climete, are quite in agreement with the ococurrence of the
~ diverse groups of solls under investigation. The whole affair will, however,
be taken up at a later stage for a detailed discussicn.

As for the native vegeiaiion, although by virtue of being & reflection
of local elimate and the conditions prevailing in ites hebitat it osn hardly
merit the status of an independont sodl famer, it nevertheless furnishes scme
very useful information of Pedclogiosl and almo geological significance. And
in a country liks Australia, mative vegetation is quite expested to work as a
first-class index of Pedological development.

From whet has been said under vegetation before, it is pretty clear that
the vegeiation association of the valley is & Sevannah Woodland (Wood 1937).
Solls associated with Savennein Voodland as shown by Prescott (1931, 1947) amd
Piper (1938) are typically Red Irown derthks with the distinct possibility of
eome Black Fartha toc. And hence the ocowrrence of Red Brown Iarths and Hlack
Barths in the walley is rot wnexpeoted from the netive vegetation, Secondly,
referring %o the observation of Fllis & Caldwell {1935), the presence of open
woodland in sn ares of halogenic soils spesks for the distinet possibility of
encountering Soludised end Solodic =nd even Podsclic Soils., Thus vegetation
soama to speslk for all the groups under investigation.



CHAPTER IX.

LABORATORY INVESTIGATIONS (CHEMICAL & MICHANICAL).



TABLE &(a)
RESULYS OF MECHANICAL AND CHEMICAL ANALYSES ON OVEN DRY BASIS.

So0il Type R.B.E 1/SL.  Location:- County - Light; Hd, - Moorooroo; Seotion - 151,
80il ¥o. 15144 15145 15146 15147 15148 15149
Depth (in inches) 0 - K" 6 « 9% 9 - 1" 12 - 27" 31 - 48% 54 ~ 66
Horison Ay 4 Agy, By 5 "
Texture P3L{Light) é%t ¥aL ¢ gz C - 1o
Reaotion pﬁ 6@51 6.}0 6.78 6.&& 8,84 " 8091

% % % % s *

Analysis of Pine Earth (<2mm,)

Calcium Carbonate 3aC0, o015 +028 o0y O7h 6,305 1.516

Coarse Sand 5,7 ) 5.4 5.6 2,3 5.0 5.0

Pine Sand T3k 69.5 6.6 26,4 T Bl

S11¢ 1044 11.6 10,8 304 302 5.6

Clay 8.4 11.5 17.3 59.7 3he5 23,3
Loss on Acid Trestment 1.5 1.5 1.8 10,7 13.3 o9
Loas on Imﬂm 2.3 2,2 2.5 7.2 Te3 het
Organic Carbon c 672 k52 428 ; 501 «151 082
Ni  { 059 « Ot «039 »061 022 N0
Phosphoric Acid ?205 033 202k 020 »039 +022 +019
Total Soluble Salts -027 0032 .032 038 077 #0776
Chlorides as Nall + 011 + 015 015 «015 sN8 018
Exchangeable Catione 0.5 & R85 % m.e.% i B0 % B.8.5% * m.e.% %

Caloiunm Ca 3052 77.0 3.1’ 7305 ‘503} 6‘}-3 12.w 6506

Mognesium Mg 45 9.9 55 12,9 6.13 25,7 L83 25,6

Potassium X oi5 9.9 2 99 1.32 55 o719 HoR

Sodium Fa 15 3.2 ~a16  3e7 a05 bl .88 4,6

Total ietal Ions ' 4.57 100 he26 100 23.83 100 18,90 100

Exchangeable Hydrogen H 2030 246 2.69 6.60 -

Percentage saturation 66,52 63.40 78.30 160
Free fe,0 ;

273 0.883 1,186 3.170 1.920

Molisture in Air-iry Sample 1.0 .8 1.4 8.5 4ol 2,6

n.e,% = m4114 gram squivalents per 100 g, of soil, % = peroentage composition of the exchangesble metal ions.
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Soil Type R.B.E 2/8L Location:- County - Light; Id. Mooroorco; Section - 17h.

Soil No. ‘ 15180 15151 15152 15153 15_151..
Depth (in inches) -3 b= b 5% - 13 13 - 17 19 = 27
Horison Aq A By Bogy Bxn
Texture sL - S%Ia C o c
Reaction pH 7.01 7.15 7.7 8.31 8.67
% % % % %

Analysis of Fine Earth (<2mm,)

Calcium Carbonate CaCO3 019 .039 «207 Tk 36 iyo 235
Mechanical Analysis

Coarse Sand 22.3 21 96 Te7 Sols 1.1

Fine Sand 53.2 5098 19.1 14.9 8@5

811t 6.4 7.0 108 2.2 1.9

Clay 13.1 16,3 64,7 58,0 5.2
Loss on Acid Treatment 2.4 2.4 8.5 17.7 51.0
Loss on Ignition he3 3.5 8.6 11.9 25,8
w Carbon C 1 0‘393 0923 o970 u758 0399
Nitrogen .| .102 ¢“5 .088 079 O3
Phosphoric Acid P205 T o023 o, 1 032 «032 .023
Total Soluble Salts om o Oy 90& oa&b o°76
Chlorides as NaCl .015 «02% ¢O17 «022 «020
Exchangeable Cations m.e. v & Bee, % & m.8.% % B0 X me.% %

cllﬁil. c.. 8.36 7900 8.67 7801 27.“ 8201 160}5 7906

lagnesium Mg 1.39 131 149 13.4 3.2 9.8 2,24 10.9

Potassium K 61 5.8 Bl 49 1.95 5.9 1.3 6.5

Soddun Ko —22 201 40 _3.6 —l0 2.1 55 241

Total Metal Ions 10,56 100 11.10 100 32.9% 100 20,48 100

Exchangeable Hydrogen H 2,56 2.56 4,66 :

Percentage saturation 80.51 81.26 '
Moisture in Air-Dry Sample 1.6 1,6 6,2 6.2 349

15155
29 - 39
B

c
8a7h
%

35.967

2,1
15.8
3.9

371
42.9
22,9
. 256
+028
017
077
2020

n.e.s %

bol

B9 = milligram equivalents per 100 8« of soil. % = percentage composition of the exchangeable metal ioms,

°GE
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TABLE k(o)
RESULTS OF CHEMICAL AND MECHANICAL ANALYSES ON OVEN DRY BASIS.

Soil Iype E.B.E 2/5CL locetions~ County - Light; Hd. - Moorooroo; Seotion « 17%.
30d1 Fo. 15156 15157 15158 15159 15160
Depth (in inches) 0-3 5« 9% 12 = 14 15 « 19 - 21 - 35
Horison A By Bza B =
Toxture SCL C c c Y
Mﬂl pH 7025 7&27 8058 8075 8.76
% S % p 4

Analysia of Pine Kerth (< 2mm,)

Calcium Carbonate CeCO; +025 « Olidy 42,782 56.240 59284
Mechanical Anslysis

Fine Sand 47.0 22,9 ) 8-6 12.4 12.8

8ilt 5.6 1.5 2.6 1.6 5e2

Clay 21 5Tels 35.2 22,7 Hea 3
Loas on Acid Treatment 3,8 8.3 50,6 59.8 43,6
loss on Ignition 502 7.9 25.7 30.2 22,7
W Carbon _ C 10“23 0988 ¢806 10 0269
Nitrogen N .110 »096 .083 SOh2 2028
FPhosphoric Acid Pyl o Ol2 O3 02 «020 017
Total Soluble Salts i .038 <043 066 <059 <063
chl@rm" as Nell .0‘35 .015 .017 cms am"
Exchangeable Cations M6, X m.0.% X B.0.5 X B85 X m.e.% %

Caloium ; Ca 12.19 15.5 2‘&-0&-2 7893 130@ 781-2

Magnesiun Mg 2,21 139 Lo21 13.6 2.09 12.5

Potassiun K 1.00 6.3 1.96 6,3 1.25 7.5

Sodiun Na a8l 3.2 a3 1.3 30 1.8

Total Metal Ions 15,91 100 30,98 100 16,73 100

Exchangeable iydrogen H 2. 4.09

Perventage saturation 8., 76 88,33
Pree Feyl; 1,440 2,20 1,455
Moisture in Air-Dry Semple 2. €.5 5.2 3.3 4.6

m,e,% = milligram equivalents per 130 g. of soil,

¥ = percentage composition of the exchangeable metal ioms.
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RESULTS OF CHEMICAL AND MECHANICAL ANALYSES ON OVEN DRY BASIS,

TABLE 5(a)

Soil Type 1. B, B 1/s Location;- County - Light; Hd, - Mooroorco; Section - 17.4.
Soil No. 15164 15162 15163 15164, 15165 15166 15167 15168
Depth (in inohes) 0 - 13 1% =5 6 - 12 12 = 13 13 = 22 26 - 38 13;«2@-*54 63 - 69
Hoxrdison - "
Texture ;!‘Smﬂ ﬁbm ﬁ? Sand 013.} Sand Cap 31 gz ¢’ '+
Reaction pH 6.61 6.33 6.75 7.02 709 7.96 915 9.05
% #* % R f::» B % %

Analysis of Fine Earth (<2mm,)

Calcium Carbonate M8 +030 038 «035 «065 +069 2,56 1,95
Mechanical Analysis

cou‘” Sand 580‘!' &305 5809 2505 7-1 2»1 18.9 - 1200

Pine Sand 52,0 504 55.8 449 27.8 55,0 4.6 37eh

841t 3.8 3.3 2,8 8.0 bt bt 6,2 6.3

Clay 2.8 1.8 1,0 18.6 52,9 32,3 27.0 364
loss on Acid Treatmsnt 0.7 0.5 2.0 1.6 6.5 &5 5.5 6.5
Loss on Ignition 1.6 1,0 Oole 2. 6.5 . beO 3.9 b2
Organic Carbon c +507 0249 . +i6k 170 091 <079 057 w
Nitrogen N 043 <021 «007 02 +034 016 <011 011 »
Phosphoric Acid P20 011 006 o 00k 013 <023 019 019 019
Total Soluble Salts 0025 0021 «022 0027 0053 0077 91“ .270
Chlorides as NaCl 012 013 009 «012 022 042 .076 128
Exchangeable Cations n.eh & MG X n.e.% % m.a,i i % m.e.5 % m,e.» ¥ m.e% %k Ree,% X

Calofum Ce 2,00 69.4 o0 59,7 2.07 ko8 728 40,7 6,03 42,5

¥agmesiun Mg 57 17.8 15 22,4 1.76 38.1 Tobls 41,6 4.88 344

Potsasium K 23 8.0 03 b5 31 667 1.28 7.2 9 6.5

Sodium Na 208 2.8 299 13.4 b8 10,4 1,88 10,5 2:35 16,5

Total Metal Ions 2,68 100" 67 1 k62 100 17,38 100 14420 100

Exchangeable Hydrogen B 1.59 1.39 020 2.0 5.88 2,22

Perventags saturation Slpo4s2 710 69.68 75.25
me :?.2C5 {)01“2 @o%@ 1@@63 2.013 1;681
Nolsture in air-iry Semple ol 0.3 0ot 1.3 Sods 3.6 345 bhed

m.e.5% = milligram equivalent per 100 g. of soil.

& = percenitags composition of the exchangeable metal ions.
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Iluatrating the distribution of 4ifferent omstituents with dsnth -
on natwrsl horison basis - ia ths prefile,

¢, N, T,58.8, and C) represent rzipectively crganic earbom, mitrogen,
total soluble salte and ohloride (as Hell),



TABLE 5(b)
RESULTS OF CHEMICAL AND MECHAWICAL ANALYSES ON OVEN DRY BASIS.

Soil Type Y. B, E 2/18 Location:= County - Light; Hd, - Moorocroo; Seotion - 17h4.
Soil "?~ 15169 15170 1517 15172 15473 1517 15175 15476
Depth (in inches) 0«3 L -5 5«15 1% = 20 22 = 30 30 - 38 38 - 48 57 = 6
Horizon A A By B, By Corbd
Texture Ls I.g Cc c c ¥Marl with C pockets C c
Reaction p 6.89 7.00 7.78 8.76 9eb0 9.63 9,61 9eds2
, P & P o % e % &
Analysis of Fine Barth (<2mm,)
Caloium Carbonate nacoj 067 088 091 219 15,127 46,308 23.915 5,306
Mechanical Analysis
Coarse Sand 25.8 29,1 19.1 18.€ Fols Tolt 1.6 1.2
Fine Send 5390 50.7 300‘0» 3206 ml*oj 11&‘1} 2505 2305
8ilt 6.9 6.8 4e9 5.4 565 6.7 8.3 16,6
Clay 10.5 9.9 3%.0 39.6 1o 25.9 38.2 46.9
Loss on Acid Treatwent 2.4 241 5.9 6.0 19,8 N 29.3 12,0
Loss on Imtiw 3.2 207 5.0 4e8 1067 22,2 151 Eebs
Orpnic Cardbon C '987 0869 a369 0190 .196 0151 .116 0060 >
Nitrogen N »072 <063 «039 <034 «025 <015 016 L2 >
Pholphoric Acid 2205 .068 .0159 +021 00"9 «020 0017 022 0033
Total Soluble Salts 038 046 o052 «084 158 .166 .181 0212
Chlorides as NeCl 014 ,013 016 «020 027 «027 o028 +O40
Exchangeable Cations A L.t £ Mool & Ho®e% X B85 %k ne.s =% M8, % mee. X
Calcium Ca. 5.36 64.9 6,18 34,0 6.57 30.8 ho31 22,6 5c40 20,1
Magnesium ¥g 1.79 29.7 8.13 448 10,57 46.7 8.87 5)596 11.78 43.9
Potassium 92 11,7 2,07 114 1,04 . ko6 1o 7.6 1.85 6,9
Sodium Ka eatd8 2,2 78 5.8 207 18,0 _byok2 23,2 1s82 29,1
Total Metal Ions 8,25 100 18,16 100 22,65 100 19,04 100 26,85 100
Exchangeable Hydrogen B 2,77 2,29 3,02
Percentage saturation 74,86 85,75
Free Fe,0 | 0.763 0,711 1,796 1.591
Moisture i% Air-Dry Semple 1.5 1.3 b5 Ieob 5.3 bet 5.5 5ok

m.e.jo = milligram cquivalent per 100 g. of soil. % = perventage composition of the exchangeable metal loma.
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Nlvetrating the diatridbution of different sonstituents with depth -
on satural horiscn basis » in thz profile,

G, ¥, 2,8.8, and 02 reprosant respectively erganic carbon, nitrogm
’ total soluble sxits and chleride (as NaC1), ’ ’



TABIE 6.,
RESULTS OF CHEMICAL ARD MECHAIICAL ANALYSES ON OVER DRY BASIS,

Seil Type P 1/8 Location:= County - Light; Hd, -« Nuricotpa; Section - Pt.754.
Soil No 15477 15178 15179 15180 15184 15182
Depth (in inches) 0«6 - 8&--1!;. 16 -« 21 22 - 39 39 « 51 57 - 72
Horison Aq A By By
Texturse 8 S5 c SC Clayey #.8 Clayaey S
Reaction Pﬁ 7009 70 14 70 2% 7. 02 80 17 8@52
% # % % 5
Analysis of Pine Barth (<2mm,)
Calciun Carbonate 03.005 «005 «005 025 +022 1,129 16408
Mechanical Analysis
Coarse Sand ‘!-?.8 mos 701 506 501 56@
Pine Sond 503 66.7 46,2 59.5 163 73.2
S41t o1 - 95 3.7 5.5 749 10,9
Clay 1,14 1.4 37.C 27.3 9.7 749
Loss on Aoid Treatment 05 03 3.8 2.5 2.8 2.6
Ioss on Ignition 1,0 Daly Se1 ‘ 3¢5 25 2,2
organic Carbon c o311 « 354 0283 <137 061 <020
Nitl‘oxﬂn N [ ] 022 [ m? [ 021 ® 01 ? Omg th-
Mphﬂnc Acid ?205 0018 .m5 om3 .w9 o“ .m5
Chlorides as NaCl »008 <008 010 012 01 <012
Exchangeable Cations B.0.% %k B, X B.@.2 & m.e.% % mee.S % m.6.% %
Calcium Ga 1.67 76,3 A2 67,7 6.22 55.3 3.31 0.9
ﬁl@ali@m Hg 29 13.2 08 1 2.9 Solidy 3906 0.97 20,8
Potassiuxz X 15 6.9 03 L8 1,08 9.6 «15 3,2
Sodium Na 208 3.6 292 Aed —d oD -l _Ds1
Total Metal Ions 2,19 100 62 100 1.2 100 467 100
"Exchangeable Hydrogen o8 20 Je33
Percentags saturation 82,02 75.61 T7.42
Froe Pﬂzog 0.0‘»8 Q.040 10382 ﬁo?&é
Moisture in Air-Dry Gsmple 0.2 Os1 340 2.1 0.6 Qe 2

B8, % = milligram equivelent per 100 g, of scil. % = peroentage composition of the exchangeable metsl ioms.

£y
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Illustrating the distridution of éffersnt eonatituents with dapth -
on naturel horivea dasis ~ in the profile,

€, N, 7.8,8, and C1 represent recpectively orpganic carbom, nitrogen,
tokel soluble salta and ohlaride (as NeOl).



TAHLE
RESULTS OF CHEMICAL AND MECHANICAL

3£3 @ OVEN DRY BASIS.

Soil Type BL.E(A). Locetion:~ County - Light; HA, - Moorcoroo; Seotion -~ 648,
5011 No. _ 15758 15759 15760 15761 15762
Depth (in inohes) 0~-7 9315 20 - 29 30 - 35 38 - 60
Horizom
Texture C o c ] C with Lime
Reaciion pK 8. 58 8. 69 9 07 911 905"-
% & % % %
Analysis of Fine Earth {< 2mm,)
Calciun Carbonate CacOs e Ot 1,145 18,535 22.860 67.260
Mechanical Anslysis
Coarse Zanil 409 5.5 365 2.4 1.0
Fine Sand 32.4 4.3 29.5 26.7 9.6
311t Te9 9t 8eds 8k 2.7
31&’ 3#" o‘!» 3800 370 2 570‘0- 21 ga
Loas on 4cid Treatment 4.9 8.6 2ol 274 67.5
Loss on Ignition 8,2 4,8 10.4. 12,0 28,9 g
Organic Carbon ¢ 1,528 677 <325 299 166 .
Nimeiﬁ’n N P 36 057 «029 023 O3
Phosphoric Acid Py0g 003 020 <016 017 J012
Total Soluble Salts <040 2038 «058 0N +061
Chlorides as {sli 02 0007 cm& .m9 0006
Exchangeable Cations Bo&s5o ¥ m.eS & me.s & me.% % m.e.e &
Csleiun Ca 32,83 84.7 22,97 4.0 15.07 50,4 To49 374
Magnesium g 3.83 9.9 6.10 19.7 12,87 43,0 11,17 55.8
Potassiuvm X 1 072 boly 1@‘&5 ‘&07 098 3.3 033 4 .6
Sodiun Na —idd 120 -0 1.6 —d? dad dall 3542
Total letal Ions 38.77 100 .02 13¢ 29.91 100 20,03 100
Exchangeable Hydrogen '
Percentage saturation
Free .?920 16059 09?12 00735 {-}.4&27
Moisture in Air-Dry Sample 7.7 5.8 7.2 7.0 5.6

m. 6,5 = milligram equivalent per 100 g. of soil.

¥ = perosniage composition of the exchangesble metal ions,
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f1lustrating the distridution of &ifferent comstituents with depth -
on natural havizon basis ~ fn tha profile,

¢, K, 7,8,8, and G} represent respeotively srganic varben, nitrogen,
total soluble salts and chleride (as 3all),



TABLE bl ,
RESULTS OF CHEMICAL AND MECHANICAL AHH-I&ES ON OVBN DRY BASIS.

Soil Type BL,E(B) Location:~ County - Light; Hd. - Moorooroo; Section - 645,
Soil No. 15763 15764 15765 15766 15767 15768
Depth (in inches) 0~ 3% - Th - 1 15 - 28 31 - 54 90 - 108
Hoxdzon
- Texture : ¢ e G G C with Lime ¢
Reaotion pH 8.49 505} 8052 8o >3 9913 9'68
bl b3 - 5% e o
Analysis of Fine Earth (< 2mm.)
Caloium carbonate CaCOx 3.757 5 3.870 10.119 43410 69,860 58,600
Mechanical Analysis -
Coarse Sand b4e beol o7 1.5 0,8 2.1
Fine Sand 331 32,6 2l 1 13.7 7.8 ‘ 11.8
811t 8.7 5.0 6,3 2.9 241 bt
Clay 39.9 1,6 49.6 33.2 18.5 25,1
Loss on Acid Treatmont 1305 1&-@2 20,2 b’nk 7330 5991
Losz on Ignition 8.7 8,3 10.3 17.9 28,7 18,¢
Organic Carbon c 1,620 1333 813 o348 «193 o134
Ritrogen N o 41 116 «079 .036 <014 008
Total Soluble Salts 2041 042 Re 'y +OL9 « 051 »080
Ghlw'idal a3 NaCl .WB oms .Wf: 0m5 0m7 tm?
Zxchangesble Cations BBy R HeBsp R B8, X Do & 2.8 & Ble®olr &
Caloium Ca 33.28 84,7 33.47 85.0 5ea38 82,4 20,67 73.9 717 348
m@"’-m h 307" 9ok 3058 9.1 5008 12.2 5075 2006 10030 49.9
Potassium K 1.95 5.0 1.96 5.0 181 4o 1.11 4.0 80 3.9
Sodium ¥a 235 _0.9 235 _0,9 3 1.0 a2 1,5 2o 3 41,3
Total Hetal Ions 39.29 100 39.36 100 41,70 1 27.95 100 20,61 100
Exchangeable Hydrugzen
Percentage saturation
Free ?&2@3 7.%7 10361 00757 06%3
Hoisture in Air—Dry MIB 662 6.7 8-0 5:" 2!-07 5:2

m.e.% = milligram equivalens per 100 g, of soil. % = percentage oomposition of the exchangeable metal ions,

i
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Having hed a preliminary appreisal of the state of the affairs with the
soils of the Barossa Valley under investigetion, partioularly with reference
to ihelr distribution, morphology, snd the factors of their formation, the
next step was obviously to caxry out a complete lsboratory analysis, which
comprised (1) Chemical and Mechanical snalyses, and (2) Mineralogical analyses.

mmuaﬂacmmmwmmammm
presented in Tables 4 to 7 on oven dry basis. The results arc also illus-
trated wraphically in Pige. 4 to 11,

(A} NOONERICaL LePRrates.
{1) The non-colloid fraction.
The fine send is dondnent in a1l the coarse fractions, i.e. the non-

colloid portion, invariably and irrespective of graup or type.

Since the fine sand :msennﬁnﬁomgyhremr&duminduot
uniformity of parent material throughout s profile, the ratios have been
computed and presented in Teble 8(e). An inspeotion of FableS(s)shows that:-

(t)%nmammmmiadhﬁwﬁmumtd
all amongat those of the different groups and types, the ratio in the Blaok
Earths stands seoond in numerical order and those in the P. 1/8, Yellow Browm
Earths and R.B.E. 2/ ave the lowest - they themsslves being more or less of
the same mmerical order, indicating thereby the heterogencous mature of the
valley deposit or in other words the initial states of the different soil
groups - as the textursl propertiess of a soll profile farmed cn homogeneous
paxrent material are similar for any soil in s particular climatic belt (Joffe
1949).

(b) The heterogeneous nature of originsl materisls laid down in the
valley is also shown by the disconcerting ratic in the Rlack Zarths as the
ratios dowa ihe profiles could neither be regarded as exhibiting & good
consianey nor could they posaidly Le regerded as a reflection of a pseudo
profile, since the retica down the profiles do not seem to be very comtras-
tingly differant from one another at suooessive depths, The R.B.E. 2/5CL
also seems to pregent a sgimilar ploture.

(c) In the osses of R.B.E., 2/8L, P 1/5 and maore especially in Yellow
Brown Earths, the ratios down the profiles are telling a sezmingly signifiocsnt
story - as in the B, horism of R.B.E, 2/8L, B, of P 1/8, there is a shaxp
rise in the ratio and particulsrly contrastingly so in the B, of Y.B.E. 1/8
and B, (30-38") of Y.B.E, 2/18 - casting thereby a shadow of doubt as to
vhether the samples below the B, horisom of e P 1/8, below the B, horison
of the R,B.E. 2/5L, and below the B, horison (22-30%) of the Y,B.E. 2/LS should
be regarded as parts of the gmetic profiles. It seems quite reascrable to
dlisregaxd them from the genstic profiles and take them as goologicsl atrata
underlying the true profiles, which would be no wonder whils dealing with soils
having marine and/or lacustrine sediments and depoaits as initial states -
Joffe (loc.oit.). But in any case this does not affect the objeot of the
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investigation since as long as the horisons of eluviation and illuviation
(even if it be the B, harisom only) are within the genetic profiles, the inves-
tigation and the subsequent thesis is beyond criticism as far as the genuins
character of a genetic profile is concerned, '

The silt cmntent in all oases irrespective of group or type seems
mehlmmm:mwmmt.mtheeaﬂmﬂom

{11) The colloid fraction,

The distribution of the clay fraction with depth in the different
mumammsmmuwmawzmgw
thafomﬁmefmalmc&wnqmwmhnmﬁrmw
end also to some extent in the P 1/5, The heavy clay accumilative B, horison
bas also Been formed in the Red Brown Eerths. This acowmulation of clay down
mmn,mmamtml?’awmedmwtagn@tmm
;W-thmmmmmmmmmw
dreined to 111 drained soils of ihs Red Brown Barths and Yellow Hrown Earths,
mmm'mmetamm.M?Vsmnmx.1/s
prodably becsuse ¢f & comparatively lighter texturad initial state, That
this is 3¢ is shown in Teble 9 by corputing the welghted aversge of the clay
content down o 35 inches of all the prufiles, which shows that {Tsble 9) the
P 1/8 haa developed from the lightest material with an average clay ocnitent
of 13% and Y.B.E. 1/S has devsloped on a materisl cf an average clay omtent
wz&ﬁm,mammwammanmammawm
of 3=hZ5, This observation further shows the heterogensous nmature of the
valley deposit, thersby lemding support to the contention sa suggested from
the fine semd : cosrse retio previously,

mm&m:&madmunuumw-mumtzm
in the P 1/5 and Y.B.E, 1/8 might also have beon developed due to more adven-
cod siage of maturity, which of course remains to be seem,

ﬂemmmww@mnartmawmwni horison may
be well appreciated from the following data:-

in R.B,E. 1/E5L the clay content of the 4, snd B,’ horisons

are respectively Sy eee 8% and 60
in R,B.E, 2/8L . _ 13% end 65%
in R.B.%. 2/50L L o 2% and 578
4n Y,B.E, 1/8 * . ¥ and 53%
in Y.B.E. 2/8 . - 177 and 39%
in P1/s . ” 1% and 37%.

In the cese of Black Eaxrihs the story is entirely differemi. There is
no development of gemetic horisons end the texture from surfece downwards is
2 medius clay with no apprecisble acoumulation in the profiles excepting the
m..s(n)wataaqmw%émmmmm»ummmma
rinatg%inclayanﬂatudapthofﬁdkimhmnlfmmw%hcm.
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With & view o cheoking up the field textures, the mechamicel snalysis
data were plotied in Marshall's (1947) trisngular texture diagram (based on
intermational frections with effective diameters of 0,002, 0,02 end 2 mm, for
the upper limits of clay, silt end send fractions reapectively), and it is
mwmwmmcma.a-wxy,@oawtmmm
fisld texturen and the W&Mfmtﬁad&m, as illustrated by
the Pigs. 12(a), (b), (c) and (d). 7his relaticnship has deen shown in
Table 80).
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16, 12(v)

Matzivution trlangle Lllustrating the mechanical composition of the
different groups of soils. The legend for the different points
is given in T:ils 8(b). In tiw disgrems R.B.B,, Y.B.E, and BL.5,
represent respeciively Red Brown Esrths, Tellow Browmn Eardhe and
Black Zarths.



St

IABLE 8(b).

MECHARICAL ANALYSIS DATA XN MARSHALL'S TETTURE DIAGRAM,

Fotation '
Number,  Type. texture the diagran. Texture,
disgram, 7
12{a) R.B.E.1/8L Ay e 1S~SL (marginal) PSL
A2e . - B
Ay o 1~5L (marginel) .
By o Clay Clay
® w
32 A SC-CL (warginal) sC-10
R.B.E. 2/8L A, ) SL 8L
) SL sCL
2+ oy T
] o -
gﬂ) - " #
ReB.E.2/S0L A4 ° L SCL
- -
i : g .
12(») x.n,Ea/s’ Ay, 0 Ssnd Fine Sand
A"b » " |
‘az o L ]
By e sL -
By * Clay Clay
B, ) sC .
A SCL~0L-2C (Junotion) -
- o Clay "
TB.E.2/18 M : s% , Lf
2 . aw clay
gg 0 @ »
- 3 : u
CorD - . o
12 Pi/s 0 Sand Sand
(c) P 1/ 4 0 o Sanit
By ™ Clay Clay
By ® SCL sC
- %) sL Clayey fine =nd
- Q LS clw ‘MQ

The abbrevistions SL, LS, SOL, PSL, SC & L denote Sandy loam, Loamy sand,
Sendy clay lcam, Fine sardy loam, Sandy clay snd Ioam respestively.
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TABLE 8(b) (cta.)
Hotation
Hgure Scil Horigon, in the Texture chserved from Pleld
Nuxber, Type. texture the disgram, Texture,
diagrem.
12(d) BL.E(2) - : GI:: 61:;'
: = o "
- L ” "
- " L "
BL.E(B) - . Clay Clay
- » » »
- L o ™
= L » ]
- o » ”»
- " » [ ]
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(P) galeium Carbomate.

&ainapecﬁmothbhs%hﬁnna?mtharslmﬁmphduﬂy
reveals that the carbonate han tecn lesohed cut of the surisoe horisons and
mmaibelmhm:minanm,wuwefmw
tyre. In sll the groups exoepting the Black Earths the calodun carbonate .
content is almost nil in the A horison and the mcowsulation has coourred in
the By horinson below the sone of clay scoumlation, In the sasze of the
Black Barths, however, the swface horizon coaiaing a comparatively fair
mtaf'mjaanﬂtmﬁdmghﬁ. mms@mﬂs,m,m
uammwmmwmsmmguthaqm, In the cases
“WM@MMM%,%@O@&M”#&G%%W
as,below the zone of maximeum mﬁel conceniration, the 0:‘393 omntent shows
a definits fall. In the case of BL.E(B) howover a decrease of CaCO. will be

b ]
noticed anly et a depth Lelow 90 inches,

Curiously enough the P i/8 has shown a 1ittle smount of carbonate
socumilation (1.4%) in the isepest horison, although no visible lime was
detected during the field work. This mey be pertly due to presemce o a
mnmtcfmsmﬁmuym%hmdmmufmri/s,
ﬂﬁchmﬁmm,mmmhﬁtmmmmm,w
mmhp&yd&%o%mmtufﬂﬂmauMImm
initial state of the P 1/8 wiich hes eventually cleared cut of the genetic
horiszons as indicated previously.

In this comection it is interesting to note that the weighted mean of
CaCOy down 10 35 inches for #ll the groups wad types thereof (Table 9) showm
that the F 1/5 and the Y.B.E, 1/S have developed on materiels with practioally
no Call, content - the amounts being .02% and .05% respectively; next in
order of ineressing values ocans R.B.E. 1/8L (1,1%), Y.B.E. 2/13 (10,5¢;,
R.B.E. 2/8L (20.7%), R.B.E. 2/S0L (29.4%), HL.E(B) (380). Although the
BL.E(A) abews & value of caly 41.2%, it is by #c mesns representative as it
was Just wnforiusate that the caloulations hsd to be restricted to 35 inches
Gopth because of %MIMMQQ&IW,@&M“MWt
tuo 1iberal an scosss of the sawples which do not appear to beleng to the
overlying genetic profile in gone of the types ap pointed out previously.

However, by taidng into acocunt the depihs below 35 inohes in BL.(4),
mmm‘.’m“mmﬂnyoftmafmmmm, Yellow
Brown Eerths end P 1/8S,

The most salient facts everging from the above observations are that
(a) the Mack Farths developed 0n parent materials much more oalcare-

ous than any of the other groups, Mylamiagwttﬁmw
made before from field studies;

{») the more caloarscus the initial state of the soils the less is
the tendency for eluviation-illuviation proocag or, in other words, the less
pronoumocd is the expression of the 4, (bleachel) harisan. This can be very
clearly seen from the faet that, considering in order of decressing mesn (M.'v(t3
omtent (Table 9), the Black Zarths show no A, horisom, R.B.E. 2/5CL practically

none (and certainly not samplesdle), R.B.E. 2/8L - 1 inch thick A, horison,
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R.B.E. 1/5L
R,B.B. 2/3L
R,B,B, 2/50L
Y.B.E, 1/8
1.B.2, 2/18
Pi/s
BL.E(4)

BL.E(B)

%
Xean CaCOs.

1.1
20.7
29.%

0,05

10,6

6.5

7.0

7.2

6.6

7.0

8.6

8.5
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Y.B.,B. 2/1S =~ 4 inoh thick A 0 K.B.E. 1/SL - 5 inches thick A » 1.B.E, 1/8 -
smw?s/s-smm(mmmeorwmmm

&mmm,butnotmleamﬁoMmsmmm,m
about 12 inchen A, horisem).

Thus ihe above chserwvaticn,coupled with the tezture of the initial states
of the differeni soil groups snd types thereof as discusaed bafore, suggests
that the sull pattern of the Burossa Velley is t0 & very great extent a
reflecticn of the parent materials.-~ a state of affeirs which is to be expected
in any homoolinstic belt,

In this cannection, referzing besk to Table 8(a), it seems worth
mentioning that the carbonate in the P 1/5 at & depth of 39-5¢ inches and
downwards which may be Ca and/or Mg carbomate amounting to < 2% may also be
totally disregarded from the true prafile from & oconsideration of fine : ine : sand
ratio as pointed out before, or ir other words the carbonate may be takon to
be catside the genetic profile which may thus be acoepted as carbonate free.

In the caze of ¥.B.E. 1/5, arguing in the seme way, it mey be said with
much mors confidence that the lime (<3%) acowmilaiive horisem st a depth of
biy=54 inches dues not seem o belong io the genstioc Y,B.E. 1/S profile which,
therefore, is poasidly carbonate free

Pollowing the same line uf argument, the warly horisom at a depth of
30-38 imches in the Y.B.E. 2/iL$, wherein the lime ooncentration is 46K, may
umhﬁimwmtmmhdm‘mmm.

mmmxﬁemm&Mmmwvmmﬂy
sllkaline, whereas those of Yellow Brown srihs are on the acid side, The
Black Barths, as was to be expeocted, show definitely a2lkeline surface (pH 8.5 -
8.6), the alkalinity increasing steedily with depth, atteining & waximm value
of pE>9 - the rise in pH boing associaled with the relative rise in the
sxchangeable Mg comtent (Tadle 12), In the Hed Brown Earths and Yellow Brown
Earths too the pil rises with depth assuming 2 value of greater than 8 in the
harison of wo, accumlaticn. The steady rise of the pff velues with depth
may slsc be a reflection of incressing exchangeeble Na in the cley fractions,
perticularly in the Yellow Brown Earths, This will however be referred to
later omn,

It may be sald that there seems to be & gemers] correlation between the
mtgfmsmmammlshtedmmsmtm?ﬁiofthomrrm
scdls zmomest the different types of the Red Browmn Barths and Yellow Browm
M@muwtthnfmtthatthsaﬁww?pﬂaftbsamsoﬂahjmt
,&Mrithmmwmwsmt&min&tmahtcuwtd
bythnmﬁ&mﬁinfﬁle 9.

Appsrently contrary to expectation the pH of the P 1/3 starts with 7,09
right from the swrface, This could however be visuvalised by oonsidering that
the soll bad %o be sempled from an area wmder horticulture, snd as such the
hman and vegetation elemenis are prodedbly responsidle for the neutral pH
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of the P 1/S - which is asscciated with dominently high Ca status of the
axchange complex,

mmamum%apzw,mmxsmmmc, attaining o
ulmot&.ﬁﬁmtmcamﬁammumhmmdnm-myi.ﬁw

R e . S u b

Looking back to the Tables 4 to 7 and the relevant graphs, it will be
gseen that the general trend of the salts and ohloride is a downward movement
end henoe an increase with depth, the maxims: soncentrations teing generally
at depths where carbonate concantration is on the deoline. This was to be
Wastheﬁhaﬁeﬂ&i&amthfinﬁa&lmﬁmu to be
affected by downward mobilisation on the initiation of Pedogmesis.

The snalytical data om the salts and chicrides have becn brought
forward and presentsd in Table 10, An inspestion of Table 10 clearly shows
that all values are relatively low end in fact excepting in the deeper
horisons of the Yellow Brown Harihs, the 8alt and chloride cuntaits have very
little significance of pedological interest.

The relationshipy between the zelt and chloride contents is illustrated
graphically in Fig. 12(e) which shows that there is very little, if any,
correlation betwoen these two constituents in the Red Brown Herths, P 1/8 and
the Black Farths. Only in the csse of Y.B.E. 1/8 and slso to seme extent in
the T,B,E. 2/13 there is a zignificant correlsiicn between these two consti-
tuents,

Fal

ot R R e o B o W

The above cbservation clesrly demonstretes that the sslts are mainly
mx&ﬁdmﬂiﬁmﬁﬁhwt&nammhmmmmmthe
Yellow Brows Earthg. Secondly, the chlorides content is so low, partiocularly
in the Black Esrths and the P 1/5 thai biesrbonetes oould quite easily play a
relatively inoreasing part in the conductivity of the scil suspansions to show
& rather significant selt valus, without any regard %o the chloridis comtent.
¥hiz is what hes heppenad in the Tlack Earths, P 1/S and also in the Red
Brown Barths,
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:

0§ 0 RB.E |/5|.

A > RBE2/s

8 > RBE. 'SeL
A—> BLE (Az)./

t-> BLE@®

o ToraL SoLuBLE JALTS (By GonnuativiTy)

13, 12{e).

Dlustrating tho rolationshipy Detwesn soiuble salts and chleride
{as ¥aCl) in the different soil ;voups studied,



Organic Carbon snd Mitvogen.

As wil) be seen from Tables 4~7 and the corresponding graphs, the
Organic Carbon end Nitrogen have followed precisely the same trend in their
novemenit in the soil profilss, irrespective of group or type, indicating
thereby a close relationship between them - although the C/N ratio wvaries
anongat the different groups and types, and also with depth, The ratio
narrows with depth, showing thereby a relative enrichment of Hitrogen with
reapect to Cerbon. This relationship between carbon and nitrogen in the
different soil types is presented graphically in Mig. 13 (a, b, e, d).

The smounts of organic matter and nitrogen in the surface 7 inches
computed for the different groups and types (Teble 11) show that the C/N
ratio for the /S is the highest and next in order is the Y.B.E. 1/8, showing
thereby the poverty of nitrogen in the sandy soils which themselves are
reflections of their parentage,

The Black Eerths however are distinctively highest of all in nitrogen
and organic matier, showing thereby their physiological superiority for plant
growth, This ocmperatively high organic matter content coupled with free
lime would probsbly account for the dlack colowr of the Black Earth,

It might be argued that, slthough the absclute amounts of nitrogen and
organie carbon sre different, the C/N ratio of the Black Esrths snd R.B.E. 1/8L
and R.B.B. 2/5CL are preotically the same snd ss such why should the farmer
msks & sweeping statement in favour of Black Esrths. Pending a fuller dis-
ocussion, it might et this monent be pointed out that as will be seen shortly
there is a general but distinct relationship of 1’205 content with nitrogen
bulld yp and hence the absolute value of niitrogen content is quite significant,

The striking difference in the organic matter content of the R.B.E, 2/8L
and SCL from that of R.B.E. 1/8L is probadbly dus to the drsinage condition of
the types. The R.B.E. 1/SL being well drained command s much betier oxidising
condition, theredy bringing about a reduced value in the organic matter
content, This however suggests that R.B,E. 2/5L and SCL being under restricted
drainage the organic matter of the latter iype would be higher than that of
the former - as waz sotuslly found.  Piper (1938) cbserved hizh values of
organic oarbon in some Red Brown Earths of South Australis. He sought to
e:phinthiamsimlhighmluebyinmeawthofngehﬁm, favoursd
by sn increesed water supply brought ebout eithar by underground sources or by
mwmmumgtmm«monuwmmm.
Vhatevexr be the real explanation, there is no doubt that the difference in the
loosl hydrological and consequent acration condition has refleoted itself in
the organic matter oontent of the different soils.

However, referring back to the distribution of carbon end nitrogen with
depth, in the R.B.E. 1/SL, R.B.E. 2/SL, P 1/S and Y,B,E. 1/S, both carbon and
nitrogen showed a drop in the A, (bleached) horizon and then 2 rise in the B,
(accumulative) horizen followed by stesdy drop dowmwards quite in concert tith
the clay distribution. In the case of R.B.E, 2/SCL, Y.B,E. 2/LS and Black
Earths, the orginic carbon and nitrogen contents showed no fluoctustion -
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Illustrating the relationship between organic carbom (0) and mitwogen (W)
oontents in the differwnt groups of the soils under investigation.
{Cpen dﬂ%ﬁ@ répresent surface saile ond black eircles represent
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R.B.E,, T.B.5. and BEL.E. represent respectively Red Brown Earths,
Yellow Feow Eaxths snd Rlack Zarths.
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TARIE 1.
PER CENT, ORGANIC CAHBON, m A¥D P.0, IN THE SURPACE 7 INCHES,
Soil Type. % Cazrbom, % Nitrogen, | i/: P.0,.
R.B.E, 1/8L 0,624 <055 115 .026
R.B.E. 2/3L 1,144 «090 12.7 <025
B.B.E. 2/5CL 117 102 1145 033
Y.B.E. 1/8 0304 024 12,7 006
Y.B.E. 2/18 0,785 060 13.0 050
Pi/s 0.292 «020 14,6 .016
BL.E(A) 1.528 «136 11.2 o043

L, E(B) 1456 .126 115 +0u6
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steadily dropping down with depth. This wes gquite to be expected for the
R.B.E. 2/SCL as it presented no A, horizon at all. But in the case of
¥,B.E. 2/18, although it looked m:e having a one-inch thick lighter coloured
horizen recorded in the field ss “2 horizon, the carbon-nitrogsn distribution
speaks against this record. The lighter colour noticed in the field is
probably due to the lower smownt of orgaaie matter in contrust to that in the
surface horizon. Or it may also be that mes horizon in Y.B.R. 2/1S is
Just starting and as suchthemhubuamdmmlewm, &l though

2 drop of clay content by 1% compsred to the surface horizon should not be
overlooked.

mmmmmmmmmdarhmmmmm
the proﬁlu was quite expected and in this connection it is to be mentionsd
that, although in Bl.E(B) there has been a slight rise of olay sontent (a rise
ot%),&amatthc&cgﬁhuf?%-‘mm,mﬂsmmﬁonormmm
nitrogen showed no alliance to the olay movement,

qu&‘

By virtue of its being an essemtial element for plant growth, phosphorus
generally limiting in South Australian soils, may be considered as occupying
& charsoteristio position as s iypical plant rutrient actively circulating
through the profile. Flants gather the phosphorus through their roots from
the soil dody and redeposit it on the surface sfter their death, Bscause of
the insolubility of most of its compounds, the mobility of phosphorus ias
restricted enough to bring sbout a swrface enrichment, The phosphorus
resexve of solls, particularly in South Australia, is certainly a subjeot
desexrving special attention.

An inspection of Table 41 will reveal that of the soll groups under
investigation the Black Earths have the highest ;1’205 status in the surface
soven inches. The sandy soils P 1/S and Y.B.E. 1/S have the lowest status
as was to be eupected., The B,0g content of P 1/5 (016%) looks comparatively
higher than that of Y,B,E, 1/8 (,006%) - this is possibly dus to the super-
phosphate dreasing of the P 1/S, 'The P 05 value for the Y.B.E. 1/8 is quite
representative as it i1s still in its virgin state. The P, 05 content for
Y.B,E. 2/15 (.05%) looks very emcouraging but unfortunately this is not a
virgin soil; the relstively high smount is just a result of the farmer's hand.
Inthacwofthamm&mthenlmat?zeﬁmtmtmrmm&abmt
+03% which sre quite in agreement with Piper's (1938) report on South
Australian Red Brown Earths,

However, regaxrding the movement &?205 dosn the profiles of the
different groups and types, it is, with reference to Tables 4~7 and the
relevant graphs, quite evident that just like nitrogen and organic cardbon the
Pzﬂs camtent of the Black Earths showed steady drop with depth, giving no
indication of any intermediary relatively rich horison even if in BL.E(B)
there was a distinct domward mobilisation of clay from the surfass downwards

—— = —wr—— W AWW N 4 SRR W

uwp to a depth of 7i-1)4 inches, following which however the clay content dropped
with depth,
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In R.B.,8. 1/3L, R.B.E. 2/sL, Y.B.E, 1/8, P 1/S;, the bleached A2
horizon merked 2 drop of P205 content being preceded and succeeded by higher
2205 contents, indicating thereby the realily of the A2 horizon. The values
below B, horizon (acoumilative) howsver, as was to be expected, showed

decrease with depth,

The R.B.E. 2/SCL and Y,B.E. 2/18, regardless of any horizon, showed a
steady fall in PZOS centent with depth, ap was the case with nitrogen and
organic caxbon.

Beferring back to the figures (4~11) representing the movement of the
differont constituents with depth, it is quite intereating tc note that in
the N and ?2%:?5 Vs éepth ourves there is distinot sorrelation between I and
.E’zcs themselves as evidenced by the to and fro movement of the N and P205
curves relative to each other, particularly in the surface soils. This
relationship, although disturbed by the cultural practices, is presented in
Fig. 1 by plotting the nitrogen contents againat 1’205 contentas of the surface
sodls, and from the lineer relationship, it may be said that the nitrogen
content can be fairly generslly regerded ss sn index of ?205 status for
comparative purposes, 4nd as such the importance of the absolute value of
the nitrogen omntent in different soils is no lese than that of its relative
- walue with respect of carbin, The ¥ ~ P,0g relationship as presented by
Prescott (1938) slso showed & similar correlation.
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loss on Isnition.

Although a osreful examination of the Tzbles 4~7 will clesrly show
that loss on ignition can hardly lead to any significant statoment, it cen
however be regarded as a rough measure of arganic carbon in sbsence of iny
combustion data provided the comsiderations are restricted to lime free

(<0.1%) and 1ight textured soils. Fig. 15 shows the resscmable validity
of the above statement.

It is however to bs remeubersd that the igaition loss is dependent on
& mumber of factors such as organic matter, 6&6’03, the clay oontent and also
the hydratlion oondition of the clay minerals. And as such the ignition
losses in the clay subsoils and calcareous soils do not lend themselves to
any precise statement except that wherever the clay content is high the
ignition loss is high and the loss varies aloag with cacej content too as

will be seen in the Tables 4~7, thereby completely mesking any correlation
with the organic matter oontent.

It is therefore absolutely undesirable to accept the ignition loss

as a measure of organic matter content without due reservation even by
implication.



69.

() The FExchangsable Cations.

The percentage composition of the exohangeable metal ions and the per
cent. base saturation of the different soil groups and types thereof are
brought forward from Tables 4~7 and shown in Tsbls 12, It soems the
implications of Teble 12 are going to give a decisive verdict on the classi-
fication of the solls under ianvestigation,

It will be seen that caloium, in the surface horisons of all the soils
irrespective of group or type, is the dominant of the exobangesble cations,
although apprecisble amounts of Mg occur too, as is charscteristic for
Australian soils.

The proportion of Mg in the R.B,E., 1/5SL increases with depth attended
by coarresponding fall in oalcium. The R.B,B, 2/5SL end R.B,B., 2/SCL however
show & fair constenoy with depth not only with regard to Ca and Mg but also
with regard to Na and X,

In the Yallow Brown Zarths, the story is ebsolutely different snd
seens significant. The proportion of Ca has ahoun a steady decrease with
depth and a corresponding inorsase in Mg which has eventually exceeded Ca
at a depth of 13-22" in the Y.B.E. 1/S and at 5-15" in the Y.B,B, 2/1S, In
the Y,B.E, 2/1S the ratio of Ca 1 Mg has resched a value of lesa than 1 : 2
from 30-38" domwards, In the P 1/5 the story is just the same as the
R.B.E, 1/8L, 1.0, decrease of Ca with depth with a correspending increase of
Hg but maintaining the dcslnance of Ca,

In the Hizok Harths the trend is more oxr less the ssme as in Yellow
Erown Zerths with the difference that the Co : Hg ratio at the deepest
horisom of both the Black Eurihs has come down to epproximately 1 : 1.5.

The exchangeable Potassius in all the groups has generally shom
relatively higher velues in the surface exchange complex, poasibly due to
the enriciment by plant residues., It is howsver interesting to note that the
Black Harths have shown disiinctly lower values all throughout the profiles
in ocomparigon with the other groups. This is posaibly because the release
of K through the breakdown of the olay minersis has proceedsd further in the
cage of Red Brown Earths, Yellow Erown Earths and P 1/S than in the Black
w-smaﬂngmyamszmminmm&nhcmm
in the clays of other groups: which further suggests that the Black Earths
are in a comparatively less advanced stage of profile formmiion. The
relatively undifferentiated morphologicsl festures of Black Earths in contrast
to the other groups as observed previously lenis support to the above conten-
t.'_mn.

The exchangesdle scdium in the Red Brown Sarths is not noteworthy,
although for the A horizon 2 walue of 3=-4% is to be taken note of as &
possible sxplanation of the bisculty and compecied nature of the 52 horizon
of the Red Brown Earths, SOalsainthaaaaeafP1/3tmth¢A2hwim
was noted a5 zlightly compacted, the "2 horison has shown a2 significantly
high amount of Na, slthough whether or not such a high value (14.55) is truly
representative is open Yo question, because of the fact that ths total metsl
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7o15  T3e1 134 49 3.6 81.26
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ions amounted to only 0.62 m.e.% out of which Na was found to be .09 m.e.%
and hence a dofinite possibility of mislesding indication.

In tho Black Earths the relative proportion/Ns in the ex-oomplex seems
too small to take note of ewoept in the BL.E(B) where at a depth of $0-108
the Fa assumed a value of 11.3%. But thiz value at such a grest depth ocould
possibly be ignored without sny serious reflection on Agro-Pedology.

The Yellow Brown Earths have shown significant amounts of Ha in the
axfeaplu, enough to spesk for solonisstion. The Y.B.E, 1/8 has started
with a velue of 13.8% right from the A, horizom, rising wp to ﬁé.s;%mtmns
at a depth of L4=54, Although the seme note of caution may de applicable
intin&zh&imnmam«ﬁfortht?Vs-AzW, the significantly
high values of Na all throughout the profile,excepting in the surface A,
horison, spesk for themselves, In Y,B.E., 2/LS the Na content in the
exchange complex has attained a value of 9,8% of the total metal ions in the
B, horison, &t a depth of 5-15 inches and 18i at a depth of 22-30 inches
(32 horison), finally rising up to 29% at a depth of 57-68 inches.

Exchengeable Hydrogen wes also determined in all the soils of pH less
than 8, in order to obtain a measure of their base exchange capacity and
percentage bage saturation. The data for per cent. dase saturation as shom
in Table 12 indioate a more or less podsclised nature of the surface soils -
the subsoil horisons moving towards full base saturation. The Black Earths
of course start with full saturation, as was to be expeoted from their pH
and the presence of free lime, right from the surface horiscns. The general
relationship between soil reaction and the corresponding percentsge base
saturation is presented graphically in Pig, 16. The saws relationship of pH
Vs per cent. bese satursticn was also observed by Piper (1938) in Red Brown
Earths of South Australis.

As there can be no two cpinions regarding the contribution of the soil
organic matter towards the cation exchange capecity of any sofl, the contri-
butions of clay and organic matier towards the total exchange capacity was
cslculated by statistical regression for sach group of the soils under
investigation, Unfortunately a sufficient nusher of ssmples was not always
available to pgive significant coefficients, but the results of the statistical
analyses as presented in Table 13 show that - (1) for the Hed Browm Earths the
total exchange capacity is 0.495 mg. squiv, per grm. of clay and 4.20 m.e. per
gm, of crganic carbon - both the walues are significant; (ii) for the Yellow
Brown Earths the corresponding valuss are 0.499 and 5,36 respectively - the
latter walue being not significent; (i4i) for the P 1/S the values are 0,342
and 4,89 m.e, par grm. of clay snd organic carbon respectively - neither of
the values baing significant; (iv) for the Black Earths the values are 0,52
and 4,86 m.e, per gra. of clay and organic carbon - the latter walue being not
significant.

By subatituting the above values of b.' and hz in the regression equation
shown-previcusly, the total exchange capacities corresponding to those
actually determined were calculated and subsequently represented graphically
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TARLE 13,

REPORT ON THE STATISTICAL ANALYSES REGARDING THE CONTRIBUTION OF CLAY

AiD ORGANIC MATTER TOWARDS TOTAL EXCHAIGE CAPACITY,

The regression equation:~ y - ¥ = by(x, = %) « by(x, - X))

where y =

Yy =

mean y

X, = % olay
“‘5

xamx1

32&
;28 mean x,
b, =

g = coefficient of x,

2 coefficient of x,

total exchangs sapacity in m.e. %

% organic cerbon {es & measure of organic matier)

Sodl Group/type. g::q:::a. by b,. sm | ‘,"}'.’;‘r'%;?'
Bed Brown Earths 11 WX el WY o 0307 | f.m2
Yellow Brows Eartha| 10 | .&99”‘* 5.36" 2 $2.893
»1/8 4 Su2® | 489 20185 | 22,262
Black Earths 9 5% 4. 86° 2.1682 | 22,607

% denotes significsnoce at 0,05, i.e. ,05>P>0,01

o v

® ®

(P denotes probability of sero correlation),

® 0,001, i.e, P< 0,001

® P>0.05
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Illustrating the rolatienshlp as in FPig. 17 dut taldng inte consideration
both the signific:at snd noi-sigeificant values in the caleulated capasity,
ToBeE, indlestes Tellew Brosun Earths,
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Mustrating the sems relations as in Pig, 17 but none of the
values for cley and organic matter are statistionlly significent,
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plotting against each other as in Pigs, 17-20 to show the validity of the
caloulations s evidenced by the linear fitting of the ourves. It is
however to be noted that in the oess of P 1/5, nlthough neither of b1 or bz
was sligndficaut, the curve representing the relationship between the astual
exchange caproity and the exchungs capacity caloulated with the a‘ha”)xl and
'bznlm, shows sn extraordiparily good limear fitting., 1In the cases of
Black Earthe and Yellow Brown larths where bg values were not significant, the
organic carbon was left cut of ccusideration and the new values for b,; were
determined fxum a new regression equation which gave thevaluuofh,! for
Yollow Brown Zsrths and Elack Earths as O0.447 and 0,766 = both the values
being highly significsnt, But the owves drawn by caloulating the exchange
capacity from the sbove values, diaregarding the organic carbon, and plotiing
agsinst the sctual exchange capacity - Figs. 18(s) and 19(a) - showed ro
better fit, mther a worse ﬁtthanthaewhenbothb,' andbz (even though
not aignificant) values were taken into calculation. This shows that it is
Just impossible to neglect or disregard the contribdution due to organic
mattor towards the exchange capacity of any soll.
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Clay fractions with & meximm settling velooity of 0.0001 cm, per sec,
(mpmmgtamtmrmmhm)mmtﬁmmmhm
from all the groups and types thereof to carry ocut chemical and mineralogical
anslyses, The chemical analysis was aimed at determining the silioa :
sesquioxide, silics : slumina and slumina : iron oxide ratios, and also to
determine the distribution of ‘1‘102. The results of the analyses comprising
the sforesaid ratios (grm. moler.) sre shown in Table 14,

The tendency of the siogkzas ratio in all the groups excepting the
Black Harths has shown a decresse in the B, horisem (clay acoumulative) with
respect to the A horison. The ratio again widens intheBz horizon (caloar-
eous horison), of the Red Brown Karths and Y.B.E. 2/LS, mameffsmz/
nzojmgm@tama, horison has becn the most marked in the Y.B,E, 1/
and P 1/S with no aign of widening in the B, horison. This clearly demons-
trates that: (a) the eluviation of sesquicxides from the 2 horizon and their
illuvistion in the B horison prooseded with & greater rate than that of
silica, theredy leaving the i horison comparatively richer in 8ilica, which ia
charscteristically a Podsolioc feature,

(b) the refusal of the Y,B.E. 1/ and P 1/8, wmiike the Red

Brown Earths and Y.B.E. 2/18, to widen the 8102/8203 ratio in the B, horison
may be explained by recalling the position of the ocalesrzous horizon in esch
of them, The widening oocurred as soon as the calosreous horisonm wes reeched
in the Red PBromn Earths and the Y.B.E. 2/LS but in the Y.B.E. 1/S and P 1/S
the clay fractions were colleoted from the horison above the Salcareous saie,
which, for reasons stated before, did not seem to be safe to include in the
true profile. Following Robinson's (1949) coutention that desilicification
accampanies deosloification, it may be said that in the Y.B.E. 1/5S and F 1/8
the movement of lime, if it belonged to the true profile at all, at a deeper
sone than the horison of clay-colleotion has indireotly induced a downward
movement of some silice, leaving ultimately a horison with a relatively higher
anount of sesquioxides widoh evantually reflestsd itself in the lower 35.02/
nzejntm&tmazhoﬂm ﬂxmthtimtheﬁ, horizon. The converse may
N:aﬁ@famctaﬂdmﬁng&@z/xzﬁsmmBzm (cnloareous) of
the Red Brown Earths,

masmmﬁnlyw.ghsmz/xzos ratio - 3 in the Black barths - gives
support to the contention leid down sbove, i.e, silicificetion and calcifica~
tion move hand in hand, amhmmm:mimornzo}tmmam
heg always Lo bo taken note of before drawing any conclusion,

The &0{&205 ratio tooc shows practically the same trend as 8102/2203
ntio-i.e»mmmwmm&eﬂozzﬁzasnﬂommm
the31 horison, but widens in ﬁmﬁzm’mwsthgtmbyumﬁnly
amn, horizon clay sendwiched by comparatively siliceous clay in the
Ay o ¢ ®0d B, horizens, The ratio in the Yellow Brown Earths sand P 1/S
narrow: é.m.g’éapth with no sign of widening in the Bz horison, The item of
interest in the Y.B.E. 1/5 and ¥ 1/5 is that the oontrast in the Silics :
nﬁmmtimﬁtMAzmaBm:misMMthmthati.naayother

group oi type showing thuvby?m advanced nature of the degradation of the
8lay complex in the Y.B,E., 1/S and P 1/S.
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ZABLE 14,
¥ PUSION ANALYSES OF THE CLAY FRACTIONS,

Soil Type. m ot f“ Bordzon, | _zizg . :lmog ig:;
23 23 273

47 12 = 27 B, 2.13 {2.78 3.2

48 3 - 48 B, 2,22 | 2,90 3.30

RBE 2/8L [ 15151 | 3p-uy | &, 250 |2.86 | 414
52 55 = 13 B, 2,17 | 2.69 413

53 13=17 | B, [ 220 |2,75 | 4.0

57 | 5-9% B, 219 12,78 | 3.85

BL.E(4) 15758 0-7 - 3.05 3,91 3.53
59 | 9% - 153 - 3.00 }3.84 3:57

60 20 - 29 - 3.15 |4.04 3.55

BL.E(B) 15763 0=~ 3% - 3.02 3.86 3.59
6 | 15 - 28 - 3.6 |4.02 3.66

- 68 90 « 108 - 3.C7 3.98 Sedk

% The ratios are expressed as gr. molar ratios on ignited clay.

# ROy stands for (Fe0, + A1,0,).
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TARE 14 (Ctd.)
% pUSION ANALYSES OF THE CLAY PRACTIONS,

. Soil Depth dn si0 20 Al1,.0
Fusber,{ inches. k0.4 1.0, Fe.0
2°3 23 23

Y.B.E. 1/8 15163 6 - 12 A, 2.65 3.26 b0
6 | 13-22] 3 195 | 249 | 3.6

66 25 - 18 B, 1.90 2,48 3.27

Y.B.E. 2/1IS 15170 b =5 A, 2,2, 2,85 3.68
71 5 = 15 B.} 2016 207‘6- 3076

P1i/s 15178 84 = 14 4, 2.78 3,09 8,92
79 16 = 2 31 1.95 2.26 6,25

30 22 L4 39 32 1.93 20“7 7082

% %The ratios are expressed as gm, molar reiios on ignited clay.

,t_ 3203 stands for (Fc203 + A1 03).

2




84 E ]

ma:203 : Pe 03 ratio however tells an interesting story, i.e. a good
constancy in all the horizons in the Red Brown Farths snd the Y,B.E. 2/LS;
huttmttivelymmmtho%mm&ﬁatmnhcﬁmn
in the oase of P 1/S and Y,B.E, 1/8, indicating thereby that there has been &
wmwmmum«mmaammgzm@wﬁhmmw

zsinthaf.ﬁ.s. 1/5 and P 1/3 while it does not seem %o be 50 in Red Brown
Earths and Y.B.E, 2/1S.

!athematﬁsmaak}fm the snalyses have shown a good
mﬁacyinmthonﬁntmmem, txwmmn{n) has
indicated gome differentistion in the profile in mt/&ozlnzo and the
essociated ratios have shom 2 little rige at the depth of 15-28 inches, but,
since the surface sample was taken at O-}}incksumiutﬂ-?iuohuor
BL.E(A), this veriation in the BL.E(B) profile might be overlooked, thus
Mbmmtthenﬁesinmm&rthsmmmtmt all
throughout the profile.

The iteas of interest frum the olay composition might however be pointed
out as follows-

(1)%@&1&3%&@?&1&@&%@!&0 R20 ratio snd the
associated retios in the elayfractimot the diffmt horizcns of the Red
Brown lsrthg, however small it may be, does suggest a chemicel mobilisation
of the constituents frum the wpper o the lower, l.e, B horison, particularly

with regard to the &ezaj and &12;&3

(1i) In tho Black Eerths, the trend of tha ratios indioates no disinte-
gration of the clay complex anyshere in the profile, as mas quite to be
expocted dus to their full base saturation conmsequent on the presence of free
lime in all depths, as noted previously - precluding thereby any possibility
xammmmwﬁzesmm»am.pmam
the iron oxids mobilisation is o function of dizintegration of the clay
complex, mmmauo :nze msmas 23ratioeftmmwkm:
alayamgztullthunefthaatwgm:mggastsm&rlmtaﬁw
stage of genesis amongst the scils under/iivestisation, and a 810, : B,0,
m&ﬁ}manghﬁywsﬁtmammwmﬁwwtst
vezy high dominance of trilayer minerals, i.¢. Illite or Nontworillomite in
the olay and that this is so will be seen later. The most highly siliceous
nature of Blagk Earth clays, as evidenced by the highest 3102/}1203 and
ss.az:@1203mt£amtmmm;mwthcswmtokth
distinctive feature of the Llack Earths - as also was observed by Robinson
(1949).

(441) In the Y.B.E., 2/15 ihe ratios suggest just a slight but apprec-
isble silicification of the 4, horison, the mcre sesquioxidic nature being
well perceptible in the B horizem, suggesting the initiation of the disinte-
gration of the clay, whereas, in the Y,B.E. 1/5, sll the ratios show a really
and truly podsolic nature of differemntistion of the clay complex in different
horisons - which suggests that the Y,B,E. 1/8 hes undergone & good degree of
degradation on its way to a irue solod, while it iz still maintaining the
solonets oolumn in the 1?-1 horizon,
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(iv) In the P 1/5 the ratios no doubt have presented an indisputable
podsolic chersoter, while the narpholosy of the &, horizon seems to be a
soledic one,

(v} The -;'1.}.203 : 5?’92&35 rutio smexrtly naxrowing dovm with depth does
suggest a mexked mobilinetion of 3‘5’@203 for the 4 horizon to the B horison of
Y.B.E, 1/8 and ¥ 1/3 - that this is so will be neen later on,
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(8) Eree Iron Oxide,
The significant faots arising out of the iron oxide data as brought
forward in Teble 15 and graphically represented in Figs. 4 to 11 are:-

(1) A aefinite sluviation of iron from the A horiszon and enrichment in
the B horison, m“cmﬁmhmmmﬂas‘m(tmm
of maximumm clay acoumulation), in the Red Brown Earths, Yellow Brown Earths
and P 1/8,

(11) The movement of iron seems to have faithfully followed that of
clay es evidanced by the similar trend of clay and iron oxide eluviation~
illuvistion, i,e. the maximm clay is accompanied by the maximum of iron
oxide, mmmﬂngwchymmtm&enzmhmomtdby
irmo:ido,méthaminimofchyinAzhaﬂmhﬂ:awemmidbyu
ninimo of iron oxide, suggesting thereby s very intimete relation between
clay and free iron oxide.

(111) The Black Earths, slthough standing separate from the above
groups in ccneideration of genetic harizon formation, the BL,E(B) has showm
2 little increnss in iron oxide at a depth of 15-28" along with a little
inoresss of clay, while the EL,E(A) has shown no rise in free irem oxide
anywhere with depth, just like the clay comtent.

From the observationsnoted above on the whole soil, one would possibly
be inclined to think that the iron oxide is just a puppet of clay content and
has no movement of its om - it has moved down just because clay has moved
domn - which would probably suggest that the free iron oxide is mostly assoco-
iated with the clay fraction, 4s an answer to the above dubiocusness, the
free iron oxide in the clay fractions too was dotormined and the data (Table
15) show thet the free iron oxide is by no means exclusively associated with
the clay fraction of the horizon of eluviation,

The free iron oxide data on olay fracticns further show thet:

(i)mmnimmcwmtaform@aﬂofmwm
oxide of the goil in the Red Brown Eerths, Y.B.Z, 1/Ssnd P 1/8 - this is
probably dus to the oconcomitaunt precipitstion of iron oxide in the 81 horison
with clay.

(31) In the A horirom of the Red Brown Earths, Yellow Brown Earths and
P 1/S, the clay has acoounted for 50 to 895 of the total free irmm oxide in
the soil,and, in the surface horizon of the Black Farths, the clay hardly
acoountsfor 50X of the free irun oxide present in the soil. This does suggest
that the free iron oxide must be located scmewhare else, which may be the
huaic matter of the scil. The possible combination of iron with humio matter
to give a dark oolouration was actuslly suggested by Harrison & Sivem (1912)
in an attempt to explain the black colour of blaock soils of India.

Howevor ithe above statements clearly suggest thet free iron oxide is not
Juss a slave of clay - it could move of its own ascoord., And the trend of the
iron oxide mcbilisation, i.e. depletion of the A horison and enrichment in the
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Bhwimiaaindimutablemneehmtw exoopting of course in the
BL.E(4). The BL.E(B) however has shown a mobilisetion of Fe 03, whether or
mmanamwm&mtmmmu@mqu«m
But, mm,hmmgmmﬁythtmmeﬁahnmwlmm
by ltself, it is to De snewered as to how it has moved.

It is interesting to note in the pregent investigation that the mobili-

sation of ircn oxide has taken place regardless of the soil reaction, which

does demand a careful consideration and explanation,

Although the movement of iron oxide has VLeen regarded as one of the

mc3t outstanding indices in zoil ciassification, 23 is evidenced by the use
of the terms, 'Perrallite’ - Robinson (1949): ‘*Ferrcmorphic’ - Stephens (1950):

and sbove all ‘Pedalfer' - Marbut (1935), the mechanism of the peptisation
and pmcipitation of this constituent in soll profiles is still delimited by
obsourity in spite of the oromfed literature cn the subject, But nevertheless
torn betweon hope and despeir the soil chemists at different tines have
furnished quite valuadble information, to wit a reasomable explmﬁm of the
movement of iron oxide wnder different conditioms,

Iron can cross the froatiers of soil horisons in two distinct states:-
é ; in donic statey
b) in colloidal atate.
(a) The ionic state comprises:-
?13 & trivalent inorganic cation
2) a divalent inorzznic cation
(3) a complex organic ion.
(b} The collcidal state enbrucos:~

(b) & positively charged irn-oxide sol.

5) a negatively oharged 8102 proteated iron oxide sol.

6) en iron-oxide sol with a“negative charge under humus protection.

{1) The very fact that solubility of Feo'** above pk 3.5 is very
small, the Barossa Solls in oonsideration of their pH (none being less than
6.3) oould mot possibly expect to see the movement of iron in the FPe''' stats.

(2) As pointed out by Ded (1949) the solubility of Pe'™* itom is quite
appreciable over the pH range of soils in absence of air and oan move in this
state by percclation in soil sclution provided the soil is saturated with
water., From the observations of Winters (1940) too it is evident that iron
as Fe'* 151 can move in sodls under reducing condition by surface aiffusion.

w&ﬂutmranwmsiﬁﬁiamm?maymMQ
impeded draimage and the Y,B,E. 2/1L3 is particularly prome to waterlogging
during the eflsotive rainy season, the mcbilisation of irom in the Yellow
mmmldtm:mupmmrmthegmtmh, and
particularly from Winters'(lco. oit) diffusion ﬂwm Dwring the dry period
however, with the cessation of waterlogging, the Pe'* iom would be quiokly
oxidised to Pe'' ana irreversibly precipitated in the lower horizons., But
mwmmmmmmnmmmumammmm«
aercbic condition for efficient ageing of the irom oxide which asventually
reflected itself in the ysllow tone of the gubsoils,
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Winters' (loc. oit.) diffusion theory may also be regarded as a probable
mechanism of iran mobilisation in the P 1/S beoauss of the facts that -

(2) the P 1/8, as %411 be seen later, is s solod and as such during solodi-
sation proocess the prevailing raducing condition brought sbout the solution
and the mobilisation,

(b) during sampling of the P 1/, the sandy horison was sctually found to
be quite moist, which would neturally be sexpeoted to speak for the mobilisation
in the light of Winters' (loc. eit.) diffusion theory.,

(3) The third possible ionic movmment of irom is as & complex
organic ion with a negative charge formed by simple organic acids produced
during decomposition of organic matter. According to Jomes and Wiloox (1929)
the subsequent precipitation of iron in the B horiszen takes place through the
formation of basic salts, whereas Gallagher (1942) contends that the precipi-
tation takes place as a result of the decomposition of the organic part of
the complex, indicating thereby that the organio poxrtnership iz only Just a
temporary one. The additional information presented by Deb (loc. cit.) that
the deposition of iron from salt golutions is independent of pH and also of
the divalent cations of soil exchange ocomplex, seems to be quite encouraging
from the present purpose, especially becauss in the soils under inveitigntion
28 was mentioned before the movement and deposition of iron oxide have not
shown any regard ¢o pH,

In the Red Brown Earths, however, the possibility of deposition in the
light of Gallsgher's (loc. cit.) view may be well worth considering as far as
the 31 horizen iz conoermed, but in the 32 horizon,the zone of cacaj sooumy-
lation, the deposition might have taken place by calcium salt formation,
which indicates that the free calcium rather than ihe exchangesble caloium

deserves the oredit - supporting thereby the view of Deb (loo, cit.).

(4) How ooming to the colloidal movemant of iron oxide, the
suggestion of Mettson and Koutler-Anderson (1942) regarding the wovement of
iron as & positively charged ircn oxide sol in association with alumina and
humus mey be considered specially in the cass of the BL.E(B), where the scils
ere definitely of positive chaxrge. The subsequent stebilisation has possibly
occurred by S0, or 01” ions of the scilsclutics. The possibility of such a
state of affairs in the P 1/S and also the R.B,B. 2/SL and SCL having slightly
but distinotly alkeline resction may alsoc be oomsidered.

(5) The next possible mechanism of the movement of iron, as sugges-
ted by Reifenborg (1938), is the peptising action of 510, on iron-oxide sols
under slightly scid to alhliae reaction and the cmuqmnt mobllisation as
negatively charged silica protected iron oxide sol, 7The subsequent deposi-
tion of the mobilised iron-oxide may take place by interaction with the
cleootrolytes in the B horison., $his mechanisn sesms to be quite satisfactory
fortha%mmaﬁms&wt&mﬁso{thcnnqu&wwh. But
the observation of Barbier (1938) that thirtesn parts of 510, are required to
peptize one part of ferric-oxide sol makes the situation nther difficult.
Because, if Purbier's (loc. oit.) view is to be accepted, it would mesn an
enormously high amount of 3102 removal with respect to ironfrom the A horisen,



TABLE 15,

X JISTRIBUTION OF FREX ¥e,0, IN SOIL AND IN CLAY,

3
Soil Type.| Soil NoJ Depth | Horisom. | % % Fezﬂ, A Fezﬂs %
in Clay. in~ 4 in Relative
inches, soil, cley concen-
fractiod.tration
in clay
frsotion,
R.B.EQ 1/ S5 15‘"“.- Qe ‘&% A,! Boz) 0088 - ht
L6 9 - 9% ‘2\: 17.3 1.19 4,00 58, 34
W7 12 - 27 51 59.7 317 479 90.18
B.B.E. 2/SL 15450 -3 A1 134 0.8% ) -
59 | SH-bd| A, {163 | 091 | 3.83 | 68.a2
52 | 5t ~13] By {6hT | 260 | 372 | 92.72
53 13 - 17 B& 58,0 2,19 3.18 88.49
R,B.E, 2/508 45156 0«3 A, 1214 1.4 3.79 89.73
57 5 d 9%’ B" 574 2,20 3-59 93078
53 12 - 'Ug- Bza §5t2 "0“6 5052 37016
Y.B.B, 1/2 | 15162 14 -5 An 1.8 0.11 - -
63 6 -~ 12 A, 1.0 0.06 3.05 50,0
clay-sand
oep)
66 2 - 38 B, 32,3 1.68 4033 83,16
:

% The results sre reported on oven dry basis.
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IABE 15 (ctd.)
* DISTRIBITION OF FRER 7,0, IN SQIL AND TN CLAY.
Soil Type. | Soil Ne. | Doptn [Hortaam.| % | %7e,0.| % rey0, 1 4
in Clay, in in Relative
dnches, soll, clay concen-
frection.! tration
in clay
f;\cﬁcus
1.B.E. 2/18 | 15169 {0~ 3 A, 10,5 { 0,76 - -
70 il- -, 5 32 909 9011 3.63 50055
bl 5 « 15 E%i 3.0 1.80 3.55 7743
72 115 - 20 B, 39.6 1,59 L , !
?3 22 - 33 Bz 16-1 e1 - 3.58 -
P4/ 15177 (o J A A, 1.4 0.05 - -
73 8% Lol '"l» AZ J¢1 Qcoh- 2097 80.39
79 16 ~ 21 B, 37.0 1.38 3,62 96,99
80 22 - 39 ”2 27.3 0,73 2,55 95494
BL@E(A) 1575@ 0« 7 - lld ol 1.“ 1023 ‘I-Bco5
59 9% - 15’% - 3806 Q.T‘ 10"0 58.80
60 20229 { w 1 37.2 0. 7% 0.9 41412
62 Bab] - 21.8 043 - -
BL.E(B) 15763 0 - 33 - 39.9 1,05 129 49.28
66 "5 - 28 = 5&:‘306 6.76 1056. 680&&

tm:osultsmrepwtodmovendry‘basisﬁ
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which might obviously precludc the poasidbility of any iron acowmilation in
the B horizon leaving a comperatively 8i0, rich A horison. But Barbier (lce.
cit,) presented no discussion o the effect of changing ooncentration and
reaction to substantlate his thesis and ss such it sesus hardly reasonable to
attach much importance to his view, and %o disregard the mechanism as set out
in the present paragraph ss & possible one for the movemer: of iron in the
Red Brown Earihs end P 1/S studied.

(6) The last possible mechanism of iron movement ss negatively
charged iron-oxide sol under humus protection picneered by Asrnio (1913, 15)
and subsequently championed by his followers Udulft (1924), Simekov (1929) and
Winters (1940), seeus to be quite promising. Although some workers, such as
Gallagher and Walsh (1943), Winters (loc, cit.),have questiomed as to whetber
the smount cf huaus in the s0il solution would be enough to peptize the iren
oxide relying an the data of Aarnio (1913) and Winters {loc. cit,) that the
amount of humus required for peptisation mey exceed 2,5 times the amoumt of
ferric oxide, the evidence furnished recently by Deb (loc. cit.) has definitely
glven something to reguard the potentiality of the mechanism undsr disoussion,
According to Deb (loc. oit,), the amount of mumus necessary to peptize an iren
oxide sol will not be more than about one-third of the amount of iron oxide
even at & pH value near 4,and, with the increase of pE, the amount of humus
necesssry follows & decreaaing order, But, whather or not the peptisation
can take place in alksline medima has not yet been Anvestigated.

The mechenism of precipitation,in general, ia etill & maiter of guess-
work and remains to be molved, The general trend of thought on this iasue
today is however swinging o to a miorcbiological process rather than any
chemical prooess - Harder (1919), Albrecht (1941), Deb (loo. oit.).

Regny {1304); - as pointed out by Joffe (1549) - diacussing the movement
of 23203 in the formation of terra rosss suggests that the !'0203 may be
precipitated from ionic solution or even from colloidal state in oontact with
finsly divided limestone, dolomite and clay. “Bacause of this precipitation®,
Regny (loo. cit,) holds, “eracks in limestone sre enriched with iron. A
small amount of iron would under such conditimas, impart to the finely divided
particles a red colour®,

Thus to sum up - the mobilisstion of 4iron oxide from A horison to B
horison in the Barossa Soils under different pi comditions finds a reasonable
explanation as traced out above, but the proocsss of redepositicn, although
partly scocunizble, cannot fully be explained till such time as some definite
hypothesis on this problem comes forward., The deposition in B horison seems
all the more problematic because of the preferential enrickaent in the 31
horison eand relatively lower concentration in the 32 horiszon.



89.

JHE COLOUR PROBLEM,
In the search for reasmns for the ocolowr of the soils of the tropics

and subtropios, particularly the dark coloured soils, various theories have
been put farward by many investigators at different times.

The dark colour was at first thought to be a reflection of organic
matter but the observations that many of the dark solls do not contain
particularly high organic matter cslled for some other explanation,

As eaxly ss 1898 Leather made an attempt to explain the colour of
black soile on e mineralogical basis.

Annett (1909) from a stuly of similar soils from the Deccan Trap sres
(India) wmm:mimmtmbhckeolwofﬂamhmﬁmhﬂy
due to the presence of Titsniferous magnetite, although organic matter mey
play some part. But his investigations dealt with surface goil only and ne
comparative study of the titanium content of the soils from surface downwards
was presented snd as such this view soems difficult to accept unquestioningly.

Harrison and Sivan (1912) discredited innett's (loc. cit.) theory,
working on the regwr scils of Nsdras (India), and suggested that the black
colowr is due to "presence of orgenic matter either in the form of hums or

Hosking (1935) however kas shown that the heavily alkaline soils require
a pretreatment with soid to make the peroxide treatment effective and treated
in this way the black colour changes to light grey to brown. Hosking (1935)
states, "It is now possible to show that organic matter alons satisfactorily
scoounts for the colour”,

Vageler (1935) from a study of some east afrioan black soils- suggests
that the black colour is not due to humus but to the presence of iron oxide
at a low gtags of oxidation.

Rayohsudhuri and associates (1943), feiling to remove the black colour
by 3202 treatment, disregarded organic matter as a reason for the colour
without howsver meking any aeurch for organic substances in the H.0, treated
residue. They have oorrcborated the views of Nagelschmidt and mssociates
(1940) in thet the main contrast between red clay snd black clay is due to
the fact that the former is predominantly kaolinitic or halloysitic and the

latter is mainly beidellitio,

Villar (1944) delieves that 3"3";, is largely responsible for the dark
colour of the "tirs" of Morocco,

" Joffe (1949) observed that some dark coloured soils collected from
Algerie and Palestine did not loss the dark colour after H,0, treataent but
lost the colour and turned red wpon ignition at 4,00-500°C, He is of the
opinion that the dark colowred substances that peraist after 3202 treatment
consist of hmins end perhaps mome type of bitumens. He further contends
that thess high orgsnic carbon constituents may form under the conditions of
the high temperatures snd periods of lowering of water table vhen the dark
colowred soils are subjected to a change from anmserobic to aerchic state.
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Under thess circumstances, it was felt desirable to make a siudy of
the colour enigme as typified by these soils from the Barozsa Valley,

Both the =o0il end clay fraotions were brought under investigation,

Ihschyﬁnctima,whichmprmﬁcnﬂyofthammum
whole soil,were ignited at o dull red heat in the muffle furnace,as s result
ofwhidz&idarkmlmm&shﬁ,giﬁnguytabﬂghtzﬁcolw. This
gnwalmhmmtthedmcﬁwhpmiblymtoermm
matter, But the brightening of the colour might also be due to the exis-
tence of titanium s ilmenite (moj), which might have besn brightencd up
on ignition, mmoaofrmcmﬁfmy'inﬂmclwuyun
on ignition brighten up,

The next step thus was to determine the titanium content of the clays
of all sorts of colour, i.e, yellow-yellow brom, red-brown and very dark
wx%a&wﬁtb&t&mismdiﬂmmmdiﬂrﬁuﬁmofﬁm
on the basis of colour, and also to see whether titsnium content varies from
surface domwards in the Black Earths, The resulis of the analyais, as
presented in Table 16, show that the titanium content in the Blsck Esrths from
surface dommards 1s quite comstant, indicating thereby that the black colour
of the gurface clay is by no means related to the amount of titanium,
Secandly, when compared with clay fractions of the other types, the titanium
oontent of the black-esrths' clay stands the lowest and,as a matter of fact,
mﬁmmthaMnhymmmmﬁmimdPVs
is the highest of all. This very clearly denonatrates that the bdlack colour
has nothing to do with the titanium and as such with titaniferrous magnetite
as far as the clay is omcerned,  ind hence the brightenming of the colour
mi@nﬁmdﬁwkchymleaconeﬂﬁfmmmm,umﬁm
before, is in all probability due to lose of organic matter,

The next step was however to deal with the soll as a whole snd this was
done by grinding the soil ssuples and sieving through 120 (T Al#]) mesh sieve,
and subsequently subjecting the selected smmples to a drastic H,0, (307)
treataent.

After the 5202 treatment, the samples were filtered and washed with aq.
alcohol, followed by sbsolute aloohol snd,after drying, the residual colour
was noted ay reparted in Table 17. It is interesting to note that after the
H,0, treatment sll the soils unfailingly presented a hright shiny brown colour,
depending of course on their original yellow or red toning. And the dDrowmish
very dark grey surface soils of the Black Earths gave way to a orssmy or light
yollowish bromn colour. This very decisively shows that the very dark grey
colowr of the Llack Karths as well as the dull mature of the colour of other
wm@fmmwmxammmummmmnum

mazaz treated solls were then audjected to the resmoval of free iron
oﬂehhﬂ%lwth%mmwraﬁarpllwmammmmw
oxide and if sc whether the colour intensity as parceptible to the naked ey
is related to the amount of free iron oxide,



DISTEIBUTION OF TITANIUM IN THE CLAY FRACTIONS,

91.
TaBIRE 16,

Soil Type, Sodl Munber, Depth in Horisom. % 10,
inchea,

R.B.E. 1/5L 15146 9 - 44 Ay 1.77
L7 12 - 27 B, 1.19

R.B,B, 2/sL 15151 3% = 4 A, 1,49
52 5 - 13 B, 1.11

53 i3 - 17 B 1413

R,B.E, 2/9CL 15456 0«3 A, 1ols1
57 5~ 9% B, 1.09

58 42 - 14 B,, 1,02

Y.B,E, 1/8 15163 6 - 12 A, 1495
&8 13 « 22 B, 1425

Y.B.E. 2/is 15170 L«5§ A, 1.55
75 22 - 30 B, 1.44

Fodsolised (sand) . 15178 8% = 1 A, 2.79
r1/8 75 16 - 21 B, 1,35
80 22 - 39 B, 1419

Black Earth 15758 0-7 - 1.11
BL,E(A) %59 9% - 15% - 1.10
60 20 - 25 - 1009

Black Earth 15763 0= 3 - 1.13
mOE(B) 65 15 - 28 - 1.00
68 99 - 108 - 1.&




TABLE 17,
EFFECT OF H,0, (30%) THEATMERT AND SUBSEQUSNT RENOVAL OF PHEE Fe,0, ON THE COLOUR OF SOILS,

Sodl Type. Soil Ne, Colour observed at the time of field sampling. Cverall oolour afier % Colour after 3202 Residual Colour afte
' grinding and sieving Pree treatment,  subsequent removal
through 120 mesh !‘ozo of free irmn
sieve, oxide,
Blaock Earth | 15758 Brownish very dark grey, bromnish dark grey, 1,059 Cirseny or 1ight Very light grey-
yellowish bromn. ish tinge.
15763 Brownish very dark groy. broenish dark grey. 1.047 Same ns above, Seme as above,
15765 Mottled dark grey, brom, yellow grey, inter- '
mingled with mottled dark grey, um brom brownish grey. 1,361 Yellowlish brown. Off~white,
and reddish browm.
b
N
Red Brown 15447 Red bdrown - Dark red brown, red bromn. 3.170 Bright red brown. Off-white,
Baxths, :
15152 Daxrk brown, red brown, Same as above but 2,600 | Bright reddish off-white.
distinotly lighter. broma.
15163 Dark trown, red browm, Piatinctly lighter than | 2,185 Bright reddish bromn | Off-white.
15152, but lightex than
15152,
Yellow 15165 Grey with yellow brown, brown mottled, red Yellow brbm. 2,18 Bright yellow bromn, | Offe-white,
Brown inclusions; black oowmoretions & inclusions.
Barths.
15166 Yellow grey, brown mottled with an intimate Yellowish brown. 1.681 Bright yellowish Off-white.
network of red brown and black inclusions, brown.
15174 Mottled drsb brownish grey, ysllow brown, Yellow brown, lighter 1.796 Bright yellow dbromn « Off<white,

than 15165,

lighter than 15165.
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The cbaervations as noted in Tadle 17 wery clearly show that the
colourings, i.e. yellow or brown tonings of red, ere all due tc the presence
of free irom oxide; Becauss after the removal of free irem oxide and the
filtering end drying the ultimate colour of the Red Brown Earths'snd Yellow
Erown Earths' ssmples assumed an off-white colour. The very dark grey
horizons of the two Black Earths have, on removal of the free irom oxide
subsequent to 5202 treatwsnt, presented a very faint greyish tings - certsinly
nothing 1ike bromaish or darkish,

An inspection of Table 17 further shows that the colour intensity is
quite apprecisbly related to the free ivon oxide oontent., Robinson and
Holmes (1924) also made a similar cbservation, It is however to be noted
that the difference in colour intensity would be casily detectsbls if the
free iron oxide contents of the oils are significantly different. But, when
the amounts of free iron between two samples are not signifiocantly different,
it is rather diffiocult to draw a line of demarcation by visual method, i.e,
by simple naked-eye cbservation.

Wga?mcdwafmmmm, Raychaudhuri and assoc-
iates (1943), although not directly committing themselves, indireotly hinted
at the minerslogical composition of the clsy fractions ss an explanation of
colowr,

In the present investigation, ths free irom oxide of wvariously ocoloured
clays (Teble 15) - dark grey, btwown, yellow, red brown and 80 on = were
dmwm soon as the free iron oxides were removed the residual
coclowx of the clay fractions was Just devold of any yellow or bromm or red
toning, which does mean that the clay minerals have nothing to do with the
redness or blackness of soils or olays, thereby throwing a doubt on the
contention, direct or indirect, of Raychaudhuri end sssociates (loc, cit.).

To sum up, it may be said that in the present investigation the black
surface colowr of the Black Earths and also the darkening of the soils in the
other groups is due to the presence of organic matter. The black colowr in
particular mey be due to the Ca-ssturated organic colloids and may even be
partly due to a combination of free iron oxide with the orgenic colloids -
WMMufthspmmofuMehmthdpmly.

mmmatyorﬂarﬁubmoryﬂlwbmtminyinthemsam
clmmtobcgmnyfmcﬁmltcm:mtatmeimaﬁde,



Referring back to febls 16, rclating to the vertical distridution of
Titeniuvm in the cley fractions of the different types and groups, it will be
seen that -

(8} in the Black Earths the 710, content iz quite constant from surface
dosnmwards;

(b) in the Red Brown Earths, Yellow Irown Barths and P 1/8, the titenium
in the &, horison is much higher then in the B horison, and the tremd of this
distribution is remarkably unfailing;

{e) the contrest betwes: the 4, horisen snd B horison in relation to T
content is most merked in the ¥ 1/8, followed by Y.B.E. 1/s;

(4) emongst the types in the Hed Prown Barths' group, the K.B.E. 1/8L
shows the highest difference in the T4 ocontent between A2 horizon and B
horizon - th= difference in ths %,B.E. 2/1S and R.B,E. 2/5CL is howsver
practically the seme;

(¢} beiween the two types of Yellow Brown Harths the Y.B.E, 1/S certainly
shows the differense or eantrast more proncunced than that in the Y.B,E, 2/1S.

Before saying snything reparding the pedologicsl significence of the
aistribution of Ti, it might be well worth looking back to the previous works
in this line, if any, worth taking note of,

The availsble literature on "Titanium” comtent of soils dates back to
1691 due to Dunnington who collected moil semples from many parts of the
world :nd snalysed 80 specimens,

Following Dunnington {loc, cit.), Fellet and Froibourg (1905) reported
on ﬂ!ﬂﬁﬂa ocoantent of an Egypiian soil under suger oane; and ¥o.Cearge
(1912) reportad on the Ti0, content of some normal Heweiisn soils.

Bobinson in 1914 presented T1 date o 13 soils - both swface soils and
subsoils ~ fron the southern and north-eastorn smtu% “With no reference
4o naturel horison.

Joffe snd Pugh (1934) presenied a compilation of date on titanium and
other constituents of some scils of various pariz of the world from the
repor-ia of Elanck, Benett & Allison, Harsssowits, Niggli, Stremms, Lamdblad
and Merbut.

An exsmination of the date presented by the aforessid workers reveals
that = (1) the Ti content within the various soll sones differs from as low
as 0.27% to a5 high as 4.04%, According %o Joffe & Pugh (loo, eit.) such
varistions must Yo attributed to the Ti-content of the parent material,

(2) the titanium contsnt of soils especially ths lateritic and

laterites in the tropios, with a few exoepticns, higher then in the soils of
temperate climate,

But any atiempt to evaluate the distribution of the ‘.2102 in the profile
is very diffioult indeed,as very few of the analyses desl with the distribu-
ttmiuthcpmﬁlemdthefmt}m%shmthaaiatributiouatmﬁmadeptha
do not clearly refer to any natural horison, As they are, ame depths
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might possibly have included portiomns of the bordering horiszons, thereby
overshadcwing any precise elucidation of the movemeni and translocation of
the soil constituents in the profile. On top of that, total anslysis haxrdiy
gives any significant and ooplete picture without the ocomposition of colloid
frection gide by side.

Unfortunately, very faw systematic studies have been made on the
colloids of solls of wvarious zones by profile msthod, The only work worth
reforeing to seems to be that of Robinson and Holmes (1oc, cit.) who made a
pretty extensive study on the oolloid fractions of various soils of the
United States but there again i arbitrary depths - the soil and subscil
tusiness in the presentatica,

Steinkeonig, as early as 1914, did soms wark on the distribution of
rs.og in waricus fractions of a nusber of scils, and showed that ?:lt)2 concen~-
tration is highest in the clay and fine ailt fractions.

However, in gpite of these limitetions, congldering side by side the
distribuiiom of 810, ard 329 oven at the arbitrary depths, the data compiled
by Joffe and Pugh (loo. oi‘&.? do give some indications of pedological sigmi-
ficsnoe which zay be stated ag -

(1) tnder podzolic process of soll formetion Ti0, seems to accumalste
in ths B horizon;

(2) Under lateritic process of soil formation the sccumulation seems %o
be in the i horison,

This was also observed by Joffe and Pugh (loc. cit,) and Joffe (loc, cit)
But thie is a1l about the scil in total.

Regarding the 710, status of olay frectioms under varying pedogenic
pProcesses, nobody has made any direct comment yet. Sut just a ccuparisom of
the vertical cﬂsﬁimm&ﬁozcmﬁwtof tho soils snd the corresponding
clays of scme podsolic and lataritic zoils of the United States as presented
by Robinson & Holmes (loc, cit.} shows that the distribution of Ti0, in clay
follows in general (sven if the annlyses were done at arbitrary depths) just
the opposite ivend $o that im soil, This has been ahowm in Teble 48. In
ctlier words unier a podsolic process the ﬁi@z oontent seonms to be higher in
the A horizmon clay than that in the B horison clsy and wder lateritic process
the reverse would be the case,

?mmtmmmaawam,itmmmmtimofﬁozmm

A horison clay %geh%rg;eﬁugardea as an Mu’of & podsolic processz. And thus
all the scils under/investigntion,excepting of course the Black Earths, might
be regarded %o be undergoing a process of podsolisation to varying degree:z,
28 is revealed by the unnﬂingamtiouofﬁoainthoazcrﬁ horison
cmum%damtmtmwtmammtom.

That a pcdsolic proc?sé oiz'.eesleg%hum«muvkﬁm is operating in vary-
ing dsgrees in ths soils under/investigation {exsepting the Rlack Earths)
is quite evident from the chemical date as has been referred to from time to

time and will de referred to in the suocceeding discussions and conclusion.
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% TTTANIUM OXIDS IN SOIL AND CORBESPUNDING CLAY PRACTION, {QUCTED PROM
ROBINSON AND SOIMES’ ANALYSES OF VARIOUS SOILS OF THE UNITED STATES).

2011 Typs. Depth 710, % Ti0,
in in in
| inches,. olay. Soil.
@Qﬂi:l m m’ m‘t @ - 9 0662 OQw
9 L ‘tg 0052 0087
Forfolk finc zandy loam, North 0«8 .79 0.94
Orangeburg fine gendy loam, 0«10 OS5 0.50
¥ salssipol. 10 - 36 0.4 0.52
Clarikaville silt loam, Kentucky. 0= 140 0,81 1.37
10 - 36 0,63 0.92
Sassafras silt loam, Marviend, 0«8 0.63 1.09
8 - 22 0.70 1'05
Huntington loam, Msxryland. D=8 0,40 0.78
& - 30 Vuls7 1.20
Chester loem, Heryland. 0~8 0,58 0.98
Cb.‘ta:l‘ie’; lm, EQY. L I ,2 0.58 0.72
12 = 22 0456 0.71
Carrington loem, Iowa, 0 - 42 Oule7 0,53
15 bt 36 °n65 O.W
¥arshall silt loam, Nebraska., G- 048 0.67
: % - 36 0,50 0.7
iami silty cley lomm, Indiana, 0~ 10 0,70 0.1
10 i 39 0‘79 9.82
VWebash axilt loms, Neobraska. 0 =15 Q.49 0,58

15 = 36 0,56 0,62
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Hence, cn the strength of the sbove discussion, and particularly the
present investigation, it might not be too much to say that an sccumulation
ofmzmthe&hnrimchymyhereyxﬂcdmmmdaxofo.i’eﬁiaono
process in cpereation - while the reverse would be the case in a lateritic
preocess. '
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NOTES ON ANALYTICAL METHODS.

The analytical methods used were those published by Piper (1947);

some recent and unpublished improvements have been adopted for the determins-

tion of free iron oxide and Pzﬁs.

The mochanical analyses wore carried out by pipette sampling method
and the fractions separated were those recamended internationslly.

Calcium carbonate was determined by Hutchinson & MacLenmnan's method
{1914).

pH messaurements were all made by the glass electrode using calomel
half cell,

Organic carbon was determined gravimetrically by dry combustion;
carbonates whén present were removed by pre-treatment with sulphurous acid.

Total nitrogen was determined by the routine Kjeldshl method.

Phosphate determinations were made by developing the blue colour of
the phospho-molybdate~conplex-in-butyl alcohol on the conmcentrated HC1

extract of the soils and finally comparing the colour with those of known
standards.

Chlorides were determined by eleotrometric titration (Best 1929).

Total scluble salt determinations wers dome by conductivity measure-
ments of 1 : 5 (Soil : Water) suspensions at 20°C - the specific conductivity
being multiplied by a known factor found experimentslly for Australian soils.

The sxchangesble cations were determined by leaching the soils with
ammonium chloride. Caloium was precipitated as oxalate, megnesium as
8-hydroxyquinolate, sodium as ommplex uranyl magnesium acetate and potassium
as cobaltinitrite. Calcium and potessium determinations were done volumet-
rically by titration with KMnO, as usual. In the cases of calcarecus soils
(caeoj amounting to 0.3 per cent, upwards) exchangeable calcium and megnesium
were determined in sodium ghloride leachaies, by a slight modification of
Hissink's (1923) method.

Exchangeable hydrogen was determined by Piper's (1936) meta-nitro-
phenol method,

Free iron oxide was determined by 2Ha1dsme's {1950), modifioation of
Jeffries’ (1941) method as will be outlined below.

The adoption of a method for the determination of free iron oxide in
soils and clays is a difficult problem because of the fact that comparatively
little work bas been published on the possibilities and efficiency of the
methods proposed. '

With the exception of Tama's (1920) originel method, all the other
mothods proposed are based on the reduction of the ferric iren to ferrous

state in the presence of a reagent that forms a ateble complex with the
ferrous iron,

X An Officer of the C,S.I.R.0., (Aust.) - Soils Division, satationed at
Waite Institute, Adelaide,
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One of the major difficulties is to obiain & sufficient degree of
dispersion of both the soil and coarser particles of iron oxides (irem
oxide gravel, haematite, magnetite) to accomplish complete reduction of
the iron oxides - as, for cbvious reasona, the reduction resction will be
a funotion of the surface area, In thias respoct, the method of Truog et
al (1937) seems better than others, But this method suffers from the
defect that (a) it brings in considerable amounts of iron from the clay
minerals, (b) frequently more than cne extraction is necessary to remove
the red or brown colour frem the soil, (c) the mature of irom oxide too
limits the efficiency of ths method.

The method of Drosdoff & Truog (1935), although much less drsstic in
the chemical resction, does not effect complets removal of irom oxide in all
cases. Beck (1939) found that it was necessary to incresse the time of the
reaction with Has and that repeated extractions were necessary in almost all
cases. Even then the complete removal of iron oxides was not effected as
shomm by #1lliams (1950).

The microbioclogical reduction method of Allison & Scarseth (1942) is
not yet sufficiently well established to merit confidence for oritical work,
Further there ia no positive evidence that this method has any outstanding
advantages.

The m:comlphiAe method recently re-examined by Deb (1950), although
seemingly promising, has not yst been well tried. Ded (loc. cit.) worked
with clay fractions of four soils only.

Nethods employing mascent-hydrogen-reduction proposed by Dion (1944}
snd Jeffries (1941, 1945), have been tharoughly studied in the Waite Institute
by several workers, particularly the method of Jeffries (loc. cit.). But
they have been found wmsuitable for an indiseriminate spplication.

The latest proposition of Haldane (1950), as a modification of Jeffries'
(loc. cit.) method, was tried on verieties of soil types and groups snd was
found to be gquils successful as long as the samples to b2 analysed are
finely ground and passed through 120 mesh (I£#)) sieve snd do not contain
more than 7% iron as Fe L }.

The method employs zinc dust and a potessium oxalate-oxalic acid buffer
(pH = 3.5) for reduction of the iron oxide a® roem temperature. The
reduction reaction takes only one hour. The final estimstion of the irem
oxide is carried out by titration with potassium dichromate solution in the
usual way,

The apecial merits of the method are:-
(1) Yexry little,if any attack on clay minerals.

(2) Practically complete removal of free iron oxide in one hour by
‘mglﬁ ““M¢

(3) Ko application of heat necessary.
(4) Pairly easy to wanipulate.
(5) Ho deposition of the irom during the reaction, provided the irom

oxide content does not exceed 7% as Fe,0 35
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The clay fractions separated for silicate anslysias as well as for
X-ray photographs corresponded to the former British clay fraction and had
a settling velocity of 10™* am, per second., Silica was determined in the
separaic by the standard methods of rock analysis, involving llazcﬂs fusion,

double ewaporation and dehydration, ignition and purification by hydrofloric
eoid,

Titaniun was determined colarimetrically in an aliquot of the filtrate
iron and titanium in another aliquot by precipitation with ocupferron
(Welcher 1947), while iron, eluminium and titanium in a third portion by
precipitation with ammonia,

»
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DISCUSSION AND CLASSIFICATION.

liaving had a reasonably oomprehsnsive pioture regarding the state of
effairs in the soils of the area under the investigation, the next step is
cbvicusly an attempt to classify the soils studied,

(A) The Red Brown Earths.
The ocourrence of the Red Bromn Earths under s mediterrsnean-like

climate in Australis, and a general similarity in the morphology of the
Red Brown Eaiths and Terra rosss soils, led to some confusion regarding the
classification of the Austrilian Red Brown Barths in the thirties of the
present century - due {o the absence of sufficieni systematic information
on these soils of the Continent, The firgt comprehensive study on Austral-
ian Red Brown Enrths was made by Piper (1938) and it was a very intengive
study indesd. Later atudies of Stephens and asscc. {(1945), Smith and assco.
(1943), smith (1945), Butler and assoc. (1945), have added quite a goocd
amount of information, prinoipally to the morphologicel side sand alao to the
general chemistry and geography of the Red Brown Narths, In sonsideration
of their gemesis, particularly their parentage, Prescott (1947) grouped them
as such, i.e. as ded Brown Farths, pointing out clearly the obsourity of the
genesis of terra rossa, And in fact the very oconcept of terra rossa has
been so earnestly debated both by pedologists end geclogists and yet so
1ittle is known about it,

Smith (1949) however, discussing the Ausiralisn Red Brown Earths from
climatic and morphological comsiderations, scught to indicate their parallel-
iem with the reddish chestnut soils of America, awaiting with interest the
reaction of the American colleagues. The visit of C, G. Stephens to North
imarica and his presentation, (Stephens -1950), and the inspection of C. E.
Kellogg of the Urrbrae losm (a typicsl South Australian Red Brown Earth) in
1942, bave stimulated the idea of parallelism Dsiween the Auztralisn Red
Brown Esrths spd the Ameriocan reddish chestnut soils from the morphological
standpoint.

As a goneralised statement of the morphology of the Austrolisn Red
Brown Esarths, they may be described as follow:-

(1) The.A horison - brown to reddish brown in colour, madium texture,
2 %o 15 inches thiok, practicelly lime-free, woakly acid to neutral in

reaction, of'ten slightly laminated struoture, without a well-developed 12
horiszon,

(11) !han.’ borizon - about 15 inches thiok, reddish brown to red in
colour, of clay texiure, generslly friable, non~calcareocus, faintly slkaline.

{441) The By horison of varisble thickness - brown to yellow brown in
colowr, sandy cley texture (clay less than that in the B, horizen), calcareous-
(the lime baingpartlyaoftnndpnrﬂ,ym@ul&rinaohyutxix); the

presence of caeos however, according to Prescott (1947), is not invariable,
partioularly if the parent materials sre deficient in lime,
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It may at this stage bo well worth bringing forward the important
features of the Red Brown Earths studied in the present investigation -
as follows~

(1) A loemy (sandy losm to sandy clay loam) A horiszon with slightly
acid to slightly alkaline resotion, grey brown to light grey brown in colour,
3 to 11 inches thick and lime-free,

(2) & heavy clay acouwmulation in the B, horizon which is lime-free,
neutral to slightly alkaline, red brown to dark red brown in colour, 5 to 15
inches thick,

{3) & B, horison of brown to red brown light olay, {the clay content
much less than thet in the B, horison), calcarecus (lime being both amorphous
and indurated) and as such distinctly alkaline. The above three clauses,
in the 1light of the preceding discussion, do suggest that the Red Brown
Earths under the present study should be classed along with the other red
brown earths of Australia.

The presence of varyine amounts of lime - from 1.2% to 29% = in the
heterogeneous initial states of the ked Brown Earths studied, and also the
climate of the Barossa Valley as discussed previously in the light of

Prescott ratios (1950, 48) - cleariy support the above grouping.

Again, apart from all the above obssrvations, which are essentially in
agreement with thoss of Piper (1938) on the Red Brown Farths of South
dustralia, the neture of the glay fractions too is quite in sagrecment with
Piper's (1938) findings. To oome to more prosaic details howsver it may be
pointed out thet the atove-mentioned agreement lies in:-

(1) adight degree of unsaturation in the 2 horison clay - the base
saturation increasing with depth and attaining 100% saturation in the calcar-
eous horison;

(i4) the oontribution due to the clay fraotion towards the totsl
exchenge capacity -~ the aversge value observed in the present investigation

is 049 m.e. por g, of clay and the average value observed by Piper (lcc.oit.
was 04T mse, per grm. of clay;

(411) ‘the silica : sesquioxide end silica : slumina ratios of the clay
fractions of different horisons;-as the values found in the present investiga-
tion are well within the range of the frequency distribution of the ratios
presented by Piper (loc. cit.);

(iv) the distribution trend of the above-mentioned ratios with depth on
horiszon basis;-as the gilica : sesquioxide and silica : alumina ratios slightly
but npprwiablymdmmmgmgrrmﬁheAhmmtheB horizon

uﬂnpin'ﬁmingupinthen Mmmtcmoedthewlussnthea.
horizon,

Thus, from the morphological sand ohemical characteristios, as set out in
the discussion, it can be safely said that the Red Brown Earths of the present
investigation join hands with those of Piper (loc. oit.) and as such followine
Frescott (1947) they may be classified as suoh, i.e. as Red Brown Earths,
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(2) The Blagk Earths.

mmmtmmckmm”t&mmtimﬁaﬁmhﬂ
oocowrred -

() in esscoiation with & group of Red Brown Esrths wnder o mediter-
raneen-like clivate;

(b) having hed & very highly calcarecus and soft and merly initial
atate; '

(o) with » texturally undifferentiated charascter of the profile;

() with a very heavy accumilstion of lime below the almest-black
surface horigon, showing a network of deep ormcks during suwmser;

strongly sugpest ihe inclusion of the Black Rerths studied amongst the
Aamgzdpn.

Rendeinas, which are frequently referred to as line-humus soils -
Stephens (195C), Robinson {1949) - wers originally identified and ramed in
Poland and Weaternm Fussia, The term Rendxina iz of a Polish pessant origin -
Prescott (1547}, In Foland the name which is of doubtful meaning, as ‘
pointed out by Prescott (loc. oit,), is given to soils derived from caloar-
eous or gypseous parsnt materials and may be derived from u Polish word
meening "to treible®, indicative of the sounds heargd when oultivating.
Sincs then they have been recogrised almoat all over the world - they were
studied in Vestern Burops, ifrica, to some cxtent in North Amerioa, Indias
and Australia, These soils, the so-called hutus-carbonate soils, bave been
‘according to Tobinson (loc. oit.) most widely studied in Central Burcpe.

As pointed cut by hobinson (loc. cit.), in Glinka's system of clasifica-
tion they are considered to be typical endodynswouorphie soils, which have
not yet reached mature developuent and in whioh the prufile charsoter is
mainly determined by the nature of the parent materisl,

The profile charsoteristic of a Rendsina is, 2s is universally accepted,
a very simpls one:

{a) a Ak grey to almost black mwedium to heavy textured swface of
varying tilodmsss with a frisble grenular siructure, although Miklsswewski
in Poland, as pointed out by Nobinson (1loc. cit.), noted white or even browm
varieties of caloareous Rendzina; white Remdzinas were also noted in England,
but iz the Mediterrwnean region no report of white Rendzina has yst come
forward,

(v) a greyish broen to brown subseil irmediately below the bdlack or
dark grey surfece moll more highly calcareous than the black surface.

(¢} no textwrsl differentintion in the profile, and generally no break
of slkalinity anywhere in the profile.

(d) the organic matter an the swrface varying from 3-12%,
(2) Tully bame-saturated clay complex.

{£) the clay fraction more silicecus than ihe accompanying grouwps of
soils,
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The Rendzinas snd Black Xarths constitute 4% of the soils swrveyed in
Australia $ill 1948 (Prescott and Taylor, 1949).

Aocording to Prescott (ian., oit.), the soils are black in colour and
resain well supplied with lime even undex reasonebly wet comditions - they
mey be recognised on limestomes in many parts of instralia,

The lerdzina solls have been falirly well studied in sustralis by
Stephens and associates (1941); Stephens and associates (1945), Stephens

(1941); end also by Hosking (1935), who presented a comparative study of
the black sails of Australia and regur of India,

While the murphology of the dustralian rondsina hes bean quite thorough-
1y studied, the chemical charastoristiocs especially of clay fraction has not
received proper attention befure now.

Howevsr, the fant\mg which seem especially applicable to Australian
Rendzina, sz avidenced by the presentations, referred to above, are that -

(a) the exchange complex, although dominantly waintuined by Ce in the
surface soil, Mg in some cupes steadily inoreeses with depth at the expense
of Ca and sometimes even excesds the Ca content in the exchangs positions
of the clay - and in some czses even Na assumes significent smount to bring
about the formation of a columer elay in the subsoil horison, thereby
Jeading tc solonisation.

{b) the organic maiter in ithe surface rengos from 2-5%, although velues
as low ss 1% and as high as 10/ were cbsexrved in Queensisnd - Hoeking (loc.
vits)

Without proceeding any further in reviewing, it seens worth while do
bring forward the distinctive features of the Blaok Harths under the present
investigation as follow:-

() Very dark grey medium clayey surface oracking during summer - the
olay is of a frisble granulsr-nutty structure.

{d) Bc development of any texturs profils.

{c) Presence of free lime right fraa the surface downwards ~ with a
very distinot heavy acoumilstion of lime in the subsoll, the colour of which
has changed from dary: to greyish bromn-brows,

(a) Highly calearesus initial stats - the lime being soft and marly.

(e} Distinotly alkaline reaction of the soils right from the surface
dowrsmads, the g resching as high as 9.68 at the despest sample, starting
from 8.5 from the surface,

{£} Urganic matter, nitrogen, 9205 steadily narrowing down with depth
with no sign of any accumilation anywhere below the surface,

{g) The sxchange complex is fully satursated - the dominent catiom being
Ca in the swfuce - Mg increasing with depth and eventually exceeding Ca at
the deepesi horizons (particularly spplicable to Australis ~ Hosking (loo, alt))
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Conaidering the above facts with respect to what has been said before,
it can safely be said that the Black Earths studied belong to RENDZINA,

An additionsl evidence to the aforesaid grouping has been provided by
the composition of the clay fraotions at the different depths, vhich may be
mentioned as follow:

(1) the 810, : 3205 and the sssociated ratios from surface downwards
are fairly comstant.

(2) the 20, ¢ %05 and §40, : A1,0, ratios are higher then that of
the associeted soil groups, which, sccording to Robinson (loc. cit.), is a
distinotive feature of Rondxzinas.

An inspection of the analytical data oo clay fractions collected from
Zuropean Rendzinz, as presented by Robinson, shows that the 5:102 $ 32@3
ratio varies from 3 to 4, 3102 H 5?.1203 ratio from 4 to 5 and 51293 3 Pe203
from 3 to L, the individual ratio in the individusl profiles being fairly
constant et different depths. The data for the soils studied under the
present investigation show that tho 8102 H 8205 is 3 to 3.16, ths 3102/131203
ratio is 3.84 to 4,04 and the 31203 : 1\‘0203 is round about 3.5,whilst the
corresponding values for the Red Brown Earths are round sbout 2.2, 2,8, 3.3-
4.1, respectively, very clesrly demcnstrating the conparatively more
siliceous nature of the Rendsina clay,

In this oonnection, it may he pointed out that in BL.E(B) a tendency
of the clay moving downward was noticed. But from the data presented by
various workers on Rendzina it seems nothing to worry about from the point of
view of classificetion.
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(C) Ihe Podsolised Scil.

The morphology of the P 1/S studied, which is as follow:~
(a) an cff-white or achy grey bleached sandy single grained A, horizen
of six inches thickness underlying a light bromish grey sandy
4, horizon (6 inches):
(b) an $1lluvial B,[ horison of mottled grey, yellowish brown and red
with an overall effect of yellow grey coloured clay;
(c) no visible lime snywhere in the profile:
gives & definite indivation of grouping the soil under the Podsol or Podsclic
class.

The Podscls by reeson of their wide extent in Russia and northern Europe,
have received more detailed attention than any other group of scils - excep-
ting of course the chernmosems, which in the history of Pedology have played as
important a role ss frogs have in Physiology, calcium in Crystallography and
bensol in Orgenic Chemistry.

The Posdolic Scils were also extensively studied in North imerica and
Australia, In Australis podsols comatitute 8.3 per cemt. of the total ares
surveyed till 1948 ~ Prescott and Taylor (1949). The study of podsols and
podsolised soils in Australia has been mainly due to Stephens (1933, 41) and
Stephens and Hoeking (1932). VWhile the morphclogy and the general chemical
characteristics of these soils have been pretty thoroughly studied in
Australia - information on the clay frections is still wanting.

However, it hardly needs emphssis to say that

(2) an scoumulation of humus and t‘x*ecFezosinthnB1 horizon along
with clay;

(b) & chemical degradation of the clay fraction leading to a remarksbly
sozquioxidic olay in the B horizon as compared to thet in the A
hordizon;

() dondnance of kaolinite in the clay minersls;

are the indisputedle characteristics of Fodsolisstion - Joffe (1949),
Robinson (1949), Rode (1933), Zavalishin (1935).

Thus the aforesaid features of the P 1/5 studied coupled with the
following chemicel characteristics:-

(a) a distinct removal of nitrogen, organic csrbon and P205 from the A,
hurnmmdaccmlaﬁmmtheﬁ,! horizon;

(v) remarkebly high accwrulation of free iron oxide in the B, horison
as compered to that in the A, horison;

{¢) a heavy drop of 810, : Rzﬂsand&wg : Alzajrntiu in the B horizon
&s compared to that in the A, horizon, indicating a degradation of the clay
complex and downward eluviation of the 8205 ,= the 8102 : 3203 snd 35.02 : A1203
ratios in the 4, and B, horison being 2,78 and 3,09, end 1.95 and 2,26 respec-
tively;

do suggest the inclusion of P 1/S studied under the Pcdsol or Podsolic group.

To this may be sdded the dominantly kaolinitic nature of the clay in the
P 1/S (ss will be seen later) - the kaolinite ocntent relative to illite in
the clay increasing with depth, as a supposedly diagnostic mark in favour of a
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Podeolic thesis for the P 1/5,

But, before saying anything finally, there are certain points to be
taken note of as follow:~

is
(1) The resotion of the svil/meutrsl, which is associsated with high Ca-
saturation:

(2) The absence of an organic A, horiscn in the morphology - wnlike the
Podsols or Podsolics of northemn hemisphere., f$he resson is probably the
cultivation and alsc the existing climate neither of which could favour an
organic A, horizon in the P 1/8., Even if the soil was s virgin ome, in
onsideration of the vegetation and climate, the presence of a2n organic 4,
horison identical with those of northern hemisphere, would im the langusge of
Stephens (1950) be "Surprising™:

(3) The olimatic condition, although maintaining a downwexds leaching,
is not possidbly charscteristic of Fodsolic Scils, This however has possibly
been, to some extent, oompemsated by the very light texture of the initial
state as shown previously and does not preclude the possibility of a Podsolic
genesis:

(4) The exhibition of a columar tendency in the B, horizon, ss eviden-
cod by the presonce of vertical amck:inthe31 horison clay- showing a
solonising sctivity in the profile;

(5) High emchangeeble Mg content, i.e. 30.6% of the total metal ions in
the Bi horison clay complex ~ which normally wouldn't possibly be a cauase of
anxiety in Ausiralisn Pedalogy. But, ooupled with cbservation (4), it is
certainly standing as a serious and unscalesble berrier for the P 1/S to reach
ths Podsolic contention,

The cbservations 4 snd 5 jointly osst a very definite reflection of aome
hydro-halomorphic ssctivity, past or present, in the P 1/S. And in fact, the
"Lake Theory" of the origin of the Barossa Velley 2s discussed in the earlier
chapter and also the complex asscoiation of the Prdsolized Soils (Pig. 1),
with & group of Solometsitic Soils, would hint at the probability of the P 1/8
to represent s Solod,

The matier however will again be taken up in the next section relating
to the Yellow Brown Barths,
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(D) The Yellow Drown Earths.

The items of interest in the Yellew Brown Zarths significantly pertinent
to the discussion sre:-

(1) the columnar structure of the B; horizon clay - the colums varying
in dlsmeter snd well domed - overliying a massive Bz horizon and underlying;

(a) in the case of the Y.B.E. 1/3 a 12 inch thiock sandy A
horison having a distinct brownish white sardy 412 horison
of 6 inches thickness;

(b) in the case of the Y.B.E. 2/i8 a five inch thick A horizon
of losmy send with an indicetion of an Az horizon develop-
ment:

(2) the colwans in the B, horizon interspersed with deep comverging
grooves and/or vracks - grooves in the case of the Y.B,E. 2/1S and cracks in
the case of Y.B,X, 1/S;

~ (3) signifiosnt relative amounts of Na and also Mg in the exchange
camplex - particularly in the B horison (Table 12),

The above choervations clearly suggest a sclonisation process in the
Yellow Bromn Earthe of the present investigatiom,

Before proceeding any further with the soils studied, it seems worth
while to trace 2 ghort pen picture of solonising activities in soils ox, in
other words, halogenesis of soils,

Soils reflecting the charasteristics and properties brought about by the
reactions due {o the oirculation of scluble salts in the profile are grouped
under the type-nsne saline soils (Joffe 1949), which Vilenskii (1927) designa-
ted as “Hydro-halogenic" Soils.

Iiterature on “hslogenic® zoils is very sxtensive indeed - as works on
these have been carried out in almost all parts of the world, some dating back
%o the 18th centwry, as wes pointed out by Joffe {loc. eit.), who also
observed ~ "It has been estimated that 39 per cent. of the world's dry land
area is covered by these soils®.

It was, however, not until 1912, when Gedrois, stimulated by the physicel,
chenical and morphologicel investigations of his Ruesian predecessors on the
specificity of Solonchak and Sclometx Soils, presented his classical researches
on the colloidal properties of solils in relation to exchangesble cations and
the implications of these reactions in the prooess of aoil formation with
special reference to Saline Soila, that the mechenism of the reactions
responsible for the typical features of halogenic soils was brought into clear
sight.

Hilgard (1892, 1921) in the United States dia pioneering works on Halo-
genic solls. But, although his theories were acclaimed and accepted throughout
the world, as pointed out by Joffe (loc. cit.), neither Hilgard nor his contem-

porsries and followers up to 1920 have spprecistsd the genetic relationship of
the different types of halogenic soils.

Stimulated by the views of 'Hilgard' (loc, cit.) and Theories of 'Cedroiz'
(loc. cit.), Sigeond (1928, 29) mede a substantisl comtribution cn the sublect
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in his report on the Hungarian alkeli solils to the First International Congress
of Soil Science and in the "Transasctions of the Alkeli Sub-Comnission of the
International Soclety of Scil Sciemce,

The First International Congress of Soil Science met with a direct
conflict between the Schools of Chemistry and Merphology of Seline Soils, led
by K. K, Cedrois snd K. D. Glinke respectively, who gave entirely different
verdicts on ths same soil,

However, researches on the hydro-halogeric soils due to, among others,
Shaw & Kelley {1935), Ellis & Candwell (1935), Kelley (1934), Storie (1939),
Kikiforoff (1937), Kellogg (1934), Sokolovskii (1941), Rost (1936) and slso
Prescott (1922), have thrown sufficient light on the understanding of the
soils under reference, particularly in creating a happy compromise between the
chemlists and morphologists.

In Australia, halogenic soile constitute 6.1% of the total area surveyed
$111 198 ~ Prescott & Taylor (1949). Teakle's (1937, 1938) contributions on
the halogenic solls of Westera Australis and particulsrly on the accession of
salt through rain water, ave of great significance in the understanding of
Australisn helogenesis. Contributions due to Burvill snd Teakle (1938) and
Smith (1950) on Vest Australian halogenic soils sre alsc of special interest
from the point of view of halogenesis. To this may also be added the work
of Prescott & Pipsr (1932) on the South Australisn mallee soils, which
Prescott (1947) termed ss soloniszed brown soils. The editien of Taylor (1933)
aleo presents solonised soils, particularly in the Monkoora send.

Without wnduly lengthening the review any further, it may be,on the
strength of information available from the different parts of the world,
safely ssid thet there is & general agreement amongst the soil workers in that
ths evolution of hydrohalogenic soils conform to thvee distinet stages, at
least theoretically, each one representing & well defined soil forming process
resulting in & soil type.

The first atage reprasents a process of salinisation, i.e. the accumula-
tion of soluble salte at the surface or &t some point below the surface of the
goil profile, Usunlly some portion of the divelent oations are replaced by
monovalent cations, especially Na, The presence of excess salis prevents the
hydrolysis of the Ha from the exchange snd keeps the collcid flocoulated, The
soil normally is not highly alkaline, Soils formed under this process are
known as "Solonchak®,

The second stage represents a process of desalinisation, whereby the
soluble salts are removed from the surface or pushed down to the bottom of the
E or into the ¢ horison snd the exchange complex is subjected to a comsidersble
ssturation with respect to Ne-ion and/or Mg ion. In the order of their
removal fro: the profile, the chlorides and nitrates come first, followed by
the sulphates and carbonates (as HCO0, ion). As the electrolytes are removed,
the sodl colloids beoome peptized depending on the type of cations and their
quantitetive relationship in the exchange-complex, In gemeral the catiom
effect on dispersion, which is an sxpression of peptisation and can be measured
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qualitatively, decresses in descending order following the "Hofwmeister
serles” - Li, Na, K, Mg, Ca, Ba, As the elestrolytes are pushed downwards
and the carbonate effects of Na become more prominent, the degree of
alkalinity imoreases and the wilicate complexcs become highly dispersed and
hydrolysed in part. At this point, the soil is, technioally spesking, a
Solonets, with {he bases in the complex intact. Since Na salis are usually
present in the Solonchak and the complsx therefore oontains some sbsorbed
Na-ions, by virtue of its pressence the solonetz takes up its characteristic
momowmunymmwsmhmcfm% horizon - which of
course may also bs due to the presence of Mg ~-Ellis & Caldwell (loo, oit.) -
directly or indirectly.

The process cutlined above is called solonization and may be regarded
s desalinigation pluc alkalinigation.

As regards the morphology of a solonets profile, it is $oo well known
%o require elaborate description at this time, In brief, it may be said that
the most siriking feature of a sciomets marphology is in the B harison which
zay be describsd as follows:-

B, horigen - an extremely éauuc/laizizerum sticky when wet, and almost
stone~-like when dry. The colour is usually darker than any horizmn, varying
from black to brown, The texture is usually very heavy - with firm sngular
clods which in the top seotion sppear as rough angulsr prisms whose vertioal
axis is three or four times the horisontal, exhiditing the characteristic
eracky columar structure. The columns are generally rounded at top slthough
flat tops were also observed by Nikifaroff as pointed out by Joffs (1949).

'%&Bzhcrim - generally lighter in colour than the 31 horison - has
gensrally a cuddo-mubty structure and fairly stratified,

The A horizon as a whole iz however of & loose light texture due to
mobilisation of clay %o the B horison. Usually the lower portiom of this
horison is of a lightsr shade then the upper portiom, giving an impression of
Azmzmdwdmt. . The lowest portion of the A horizon, sometimes
duisnato&aa%, is quite greyish to off-white, forming a thin ccating on
the caps and noving deop down into the grooves end sides of cracks in between
theoelmofﬁ, horizon, mazmnmnmummgmumm
and foliated.

Soon after the solonets profile is formed, begins the third stage in
the evolution of saline or hydrc-halogenic soils. This is the stage of
degradation of the exchange complex, comsequent to the removal of soluble
salts, i.e. the slectrolytes, leading to some disiinot changes in the profile -
chemically and morphologically. $his process of degradation is known as
aclodisation snd the resulting profile is terwed as & SOLODT or SULOD or SOLOTI
ox SOLOTH,

The evolution of this stage is associated with the hyirologic oonditions
of the landscape. As more water becomes availsble for percolation (downward)
alther because of a change of clinste or when the same rainfall becomes more
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sffective because of a change in the movement of sait or improved drainage
or gradual sespage through the oracks of the solonets columns, the hydrolytic
sotion of H0 sets in after the alsost oomplete removal of the scluble salis.
The specifioity of the hydrolysie in the Solcnetz medium deprived of soluble
salts is: (1) high alkalinity vesulting from the replacement of Na by H, (2)
the incressed reactivity of the constituents rssulting from the dispersion of
the collodds,

As & conseguence of the dispersion, the impeded percolation resulis in a
woaterlogged condition, with the solid phase changing to the dispersed phase in
water as the dispersion mediwm, Under these conditions, large quantities of
organic and sdneral oomstituent go into solution. During wet zsasons reducing
reactions are conducive to the mobilisation of irom in the ferrcus state from
the A horizon. The disperssd condition brings sbout a movement of fine
particles into the B horison,

Soon after the Fa-ions are out of exchenge complex, and ocarxied dowm-
wards, i,e, removed from the A horizon, the pH of the A horizon drops to
acidity, and in extreme cases the pH msy be delow 6, but the reaction of B
horizon is msintained on more or less the slkmline gide. This marks the mset
of solodisstion.

Along with the mobilisation of free iran oxide, humis and olay from the
4 horizon, a breskiown of the clay colloids emauss bringing sbout e differen-
tiation afsiﬁzmdkzﬁsuﬁ subseguent mobilisation of ihoxzﬁsmmtto
ihe B horison, thereby giving a Fodsolic sppesrance to the solod both chemi-
cally and partly physioslly.

It is to be noted that the dispersion of the clay by hydrogen ultimately
breaks the csaps of columns and 23 such in a solod the relics of sclomets-
columr struotwes can only be identified by careful examination,

In solod formation, Mg is released from the surface horison and acoumu-
lates in the lower horiszons, particularly with respect to the exchange complex.
Acoording to Joife (1949) Mg comtent of the emchange complex may also serve as
sn index of the state of solodisation, deing highest in the early stages and
diminishing towards the stage of itrue solodi. The total exchange capacity in
the A horison decreases due to the breskiown of the colloids - inmorganic and
organic - the cspacity increasing with depth,

The morphology of & solad profile can thus be shortly recorded as ;-

(a) a daxkiah 4, horizen with low orgenic mstter content, grenular when
dry, ocoasional rusty spots inﬂ1 hstmefmqumﬁiah, horizon;

(b)alightmytomhywundyhzmim, resembling A, harison of
Podsols;

(e)amtﬁhﬁm&emﬁwuutmhmmmwmm
to an apprecisble extent.

It is Yo be noted thati the individusl stages es such s 88 cutlined above,
in the evolution of hydroheicgenic soils, are very rarely met with, There is
slways an overlapping of the immsdiate successor and predecessor stages.
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Keliogg (1934), from a study of the solonetsz soils of N, Dakota, cbserves:-
"4s & matter of fact, cne rarely, if ever, finds a solonetz which is not
tending either somewhat towards solonchalk or towards soloth. 4s soon as
a solonetz forms it immediately begins to sclotize with ths development of a
profile spproaching the soloth™,

Joffe (los, cit.) from a comparaiive study of the Russian, Hungarian
and Americen reports, conciudes - “"Ag a rule, solodi is associsted with areas
of solonetz and solmetzic~sclonchak types®,

Kellogg (1947} proposed to classify areas having the evolutimary over-
lspping as & gowplex. Thus sxwas of saline soilsshowing the merginal cvere
lapping of the differen: steges of evolution may be rogarded as "Hydro-halo-
gendoc complex” - which may be a mmmﬁ:emlm‘&s complex or a solonets-
solodi complex (or mey even be a solod-normsl olimetogenetic canplex, because
88 soon as the vegetation is estadblighed after the removal of Na in the
solod , the biosphere cames into smoticn again snd the solod is eventually
transformed into the climatogemetic soil which xay be termed as the stage of
regeneration or freedom fyvm subdued phase),

Smith (1950; reported an cccurrence of a solodized-solonets soil in
V. Australia, following Kellogg's {loc. oit,) definition of such-like soils,

in the light of the above dimcussion, the Yellow Brown Eaxrths studied
under the present investigation may very woll be classed as Solodized-Sclonets
soils for the {ollowing reasons:-

(a}mmwmewmmpﬁemmW.mmmth,
horizon of both Y.B.E. 2/IS snd Y.B.E, 1/, the colums being diseretely
separated from each other by desp converging grooves and cracks filled with
sandy materisls (a Solomets chersoter):

(2) Acidic resction of 4 horizon, the pi rising with depth attaining
alkalinity in the B horison (& Solod character):

(3} Mobilisation of free iron oxide from A horisom to B horizon
{Solodisation):

(4) The exchenge complex getting more and more deminated by Mg and Na
ions 2nd Ca-ions progressively dropping down with depth and the g ions even-
tually overcrumning the Ca icus in the emchsnge complex (Table 12),

The Y.B,E. 1/ however presents a more advsnoed degree of solodisaticn
than Y.B.E. 2/IS for the following reasons:-
the pH of the Y,B.E. 1/S

(1) The Y.E,E. 1/5S is more scidic than Y.B.E. 2/Ls,/being 6,61, 6.33,
.75 in the Aygs Ay, and 4, horison respectively as against 6,89 and 7,00 of
the Ay and A, horison of Y.B.E., 2/LS. So also the case with the B, and B,
horizons, in which the pH of the Y.B.K, 1/5 s Just on thealkaline side (7,02
end 7.96), wheress those in the Y.B,E, 2/1S are (7.78 and 8.76):

(2) The A horizon containg lese colloidal material in the i.B.E. 1/8
than in the Y.B.E. 2/18:
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(Z) The blesched A, horison is very well developed both marphologically .
and shemdcally in the Y,B.E. 1/5, presenting a real Podsolic appearsnce,
whereas in Y.B,E. 2/1S there iz just a lightening of colour in the 1 inch
thick A, horizon and, unlike Y.B.E. 1/S, nitrogen, organic matter and F,0.,
have not been leached out of the 4, horison, i.e. unlike Y.B.E. 1/S no chemical

eluviation-illuviation process has taken place in Y.B,%, 2/1S.

(4) Total soluble salts in the A horisom ave much higher in the Y.B.E.
2/1S than in Y.B,E. 1/8 and in fact about double the amount in the Y.B.E, 1/S,

(5) The exchange complex of Y.B.E, 1/S in the A horison is more unsaturs-
ted than that of the Y,B.E. 2/L5, the figures being 6l4.42 m.2.% and 74.86 m.e,
% respectively.

(6) In Y.B,B, 1/3 the free iron oxide in the B, horison is enormmously
high in comparison to that in the 4, horison = the figures being 0,112,0,060
and {1,063 - 2,018) % in the Agps A, and B, (clay-sand~cep ~ clay} horison
respectively, whereas in the 1.5.B. 2/LS the amounts are 0.763, 0.711 and
1.796% in the Asy A, and B, horizon respectively.

- (7) The ¥g ion in the exchange camplex, partiocularly in the B horizons
(s, B,) of the I.B.E, 1/5,1s much lower than the corresponding values of
Y.B.E., 2/13, the Mg ion amounting to 38 and 34% of total metal icns in the
By and B, horison respectively in the Y.L.E. 1/3 as against 44,8 and 46.7%
in the corresponding horisons of Y,B.E, 2/18, Na-ions alsc have shown the
same trend snd way be yegarded as sn additionsl informationm.

To this may be sdded the reaults of the chemical analysis of the clay
colloids. Owing to scarcity of any systematic published report on the
fusion anslyais of the maline-soil-clay fraotions, & compsrison of the
results ctizined does not sesm to be possible at present.

Referring besck to Table 14 and the relevant discussion, it may be
pointed out that the Y,B.E. 1/S far exceeded T.R%,¥, 2/LS in the degradation of
the clay solloid, and, as & matter of fact, the trend of the aiezfazoj ratio
from A, to B horikon of the Y.B.E. 1/S is clearly podsolic, wheress in the
Y.B.E. 2/LS the degradation seems tc have just started as the 31@2/3203
ratios from A, to B, horisons are 2.2, 2.16 and 2,17 respectively. That
the degradation is on the move is indicated by the higher 3102/M203 ratio
of the A, horizon than that of the %, or B, horison; this is also more
pronounced in the Y.B,E, 1/S than in the Y,B.Z, 2/LS.

The mzasﬁezcj of the A, horisom in the ¥,B.E, 1/8 15 greater ttsn
that in the Y,B.E. 2/1LS, showing a greater mobilisation of "“z"; in the
former than in the latter, indlcating the more advanced siage of solodisation

in the former than in the latter,

Thus the weight of evidence strongly suggests both from chemical snd
morphological oonsiderations that the Yellow Prown Earths studied hereurder
may be regarded, following Kellogg (1947) and Smith (1950), as solodised-
solonetz sofls. The Y.B.E, 1/S iz in a mors advanced stage of solodisation,
i.e. & more advanced stage than the T.B.E., 2/15 in the way of getting onto
the Solod state.
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At this moment it seems desirsbie to recall the P 1/S which has
been sought to be provisionally clussified as a podsolised soil with
parti.cular reference to ihe chemicnl and mirerslogioal composition of
the clay frection - of cowrse kesping an ey» on the morphology too,

But nonetheless a doubt was cast on its genesis becsuse of the presence

of a rudimentary columnar tendency exhibited by vertical cracks in the
31 horizon,

ihe capless vertical cracks, in the light of the preceding discussion
on the hydrohalogenic soils, suggests that the ? 1/5 is possibly a solod,
which can very well exhibit a podsolic cherscher chenieally and morphclce
gloslly (sxcepting of course ths structure of the B, horizon}. And in
fact there iz no essential difference between the’ :z. +E. 1/8 2nd the P 1/
excepting that the P 1/5 has/lot a capped column in its worphology. The
cherical analyses toe show sxactly the aame trend in the eluviatione
illuviation process with the difference that the trend i= £ bit nore
pronounced in the P 1/8 then that in the Y,5,7. 1/S. This was certainly
to be expected because & molod is a step further in the course of degrada~
tion than 2 sclodised-solonetz soil. Thus it seems safer to call the
P 1/S a3 & solod rather than as a podsclic scil.
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EVOLUTICH OF THE SOIL GROUPS STUDIED.

Sumnding up the discussion, it may be said that -

(s) the Red Brown Earths studied in the present investigntion, by
morMpmhpthrwt-mmmwacﬂ-
with the Red Lrown Earths studied by Piper (1938), have been, following
Prescott (1947) and Stephens (1950), classed as Red Brown Earths;

(b) the Black Harths studied from marphologicsl and chenmioal properties
proceed on to the RENDZINA group without any troudle;

(c) the Yolldnmzs‘artha,byvirm of meinly the morphological
features and slso the ex-o;p?lu in relation to the cations, have chosem to
be within the sclodised-solcsiots grouping;

(a) the P 1/8, ntm&ﬁﬁmoritanwﬂeytgmm
freedonm from lime and also all the chemical characteristics excepting of
course the pH, gave the impression of a podsolic soil, buwt the structure of
the B, horisun called for a second consideration snd the P 1/8 eventually
preferred the call of a SOLOD,

Having bad the above grouping, it is now $c be seen as to how these
groups have originated, as such, in the walley as described in Chagter I.

The very co-occurrence of a group of calcimorphic soils with the
halogsnic solls and more especially the presence of lime in the halogenic
profiles (especially the Y,B.E, 2/18) in the portion of the Barossa Valley
under investigation, hardly leaves any room to oversmphasise thz complexity
of the origin and development of the Barossa soils. The presence of the
sequence of hydrohalogenesis in the Yellow Brown Earths and P 1/S, i.e. 2
ssquence froa weskly sclodised solonets to solod does clearly speak for a
previous invasion of salt in these soils, whick could only be possible by
the scoumulation of salt at scme previous date., And the acoumulation must
have been enough to bring about the solonisation. The queations naturally

N

mmw}g&ﬂtﬁyt o originate and how is it to accunulate, The
salt may originate geclogically or it may gain soccess through the igenoy of
rein (Teakle 1937). ihatever might be the origin, the salt has to accumu-
late, i.e, stay for some time to invade the clay fractions., While the
accumulation of cyclic salt may be possible under favourable microtopographic
and drainsge conditions, the ococurrence of halogenic soils, irrvespective of
drainage and topographic variadility in the valley, certainly calls for some
other explanation. In other words, ome has to visualize two things -

(1) indiscriminate presencs of salt in the initial state of 81l the soils of
the valley, (2) climatic conditions favourable for scoumulation of salt to
initiate the inwvasion wherever fres from opposing force, i.e. lime,

As regards class (1), the very history of the development of the
Berossa Valley as cutlined in the earlier chepter, i.e. emergence from
beneath the tertiary sea as a fault basin holding in the brackish sea water,
i.e, assuming the form of a °lLake’ maintained by the snceatral szalt weter and
eventual draining off and drying of the lake, very clearly scoounts for an
indiscriminate general distribution of salt all over the valley, although
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preferentially higher accumulation could reascnably be sxpected towards
the central flat srea and alsc in locsl depressions.

Now the salt has come, the next questiom is how is it going to
acoumulate. Beocause, if it dreins away, it oould not possibly initiate
halogenesis, particularly when lime too is there in the initial states.

This suggests that there must have besn an arid or semiarid climmte at some
time past, 1i.e. a climate certainly drier than what it is now, as the

present climate; as discussed previously, is in no case in favour of salt
accumulation. That there has been an intervention of an arid cycle in

acme recent past seems quite an accepted theory, not cnly for South Australis,
but also for the Continent ss a whole. The works and discussion of Crocker
(1946), Crocker & Wood (1947), Browne (1945), ¥hitehouse (1940), emply spesk
for the above remark, However, to quote a few lines from the aforesaid
suthors: ® ........ nevertheless it accords best with the known faots to
postulate that the cold, modst climate of the pleistocene gave place after
the melting of the glaciers tc en extreme and elmost comtinent-wide aridity,
from which Australis has x‘x'otc‘, yot recovered.” —Browne (Presidentisl address,
Linnean Soc., H.8.¥, 19@5)}’mw cbserved: "It is to this arid interval
that we must assign the drying up of the great lakes and rivers of the
interior." Crooker (1946), discusaing the post-micoene climats, cbserves:
*The most importeni paleocpedclogicsl influences have DOSN, ....cocesoscsece
csserescs(3) 2 severe post-glacisl arid pericd.” Crocker & Food (1947)
observe: “Thers is strong svidence therefore $o indicate that higher tempera-
tures than those preveiling at present occurred in South Justralia a very
short time ago, and these were probably coincident with the lower rainfell

of the period.® The authors further observe: * (1) Preceding the onset of
aridity climatic conditions were much more hurdd than at present; (2) Subse-
quent to the maximm aridity there was an increasge in rainfall, though not of
e high order end indeed very small by cowparison with the preceiing decreass -
otherwise gypsun and lime acoumulstions of the drier period wouid have been
entirely removed in solution.” Whitehouse (1940) in Queensland hag also
made an exactly similar comment and indeed the works of Whitehouse (1940)

seen to be ploneering in the undarstanding of post-miocens climate in
Australis, ‘

It has been suggested that the arid period occurred:“probably much less
than 9000 years ago® - Crocker (loc. cit.) - in South Australia; and
later studies of Crocker & ¥Wood (loc. cit.) on paleo-ecological evidence too
suggest & very recent age far the effects of maximum aridity. Browme (loc.
cit.) in his scheme of the tentative post-tertiary chronclogy of the Common-
wealth of Australia suggested the Recent Pexiod o be divided as follows:-
Recent—— Esrlier resent —— Climste-hot and dry, general desic-

N\ (5000 years). cation, arid conditions except in
narrow coastal belts.

Mid-recent ——— Onsst of cooler and wetter comiitions.

Inm.le
lLater recent —— > More or loss as at present, minor

(4000 years). osciliations of temperature and
‘ reinfall,
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However, whatever be the age of the pericd of maximum aridity - a more
detailed discusaion of which is ocbviously beyond the scope of the present
woTk - 4t oan be safely said that there has been sn arid pericd in the
recant past which hag eventually w&%‘“ﬁ deposition end accumulation of
salt all over the valley in varying degree depending on the topography,

New begins the nain story of the Barossz soils studied, Referring to
Zeble 9 snd the relevant interpretation, it is to be noted thet sll the
soils studied hed lime in their initial state,as was to be expected in the
light of the geclogical discussion given in Chepter I. But it is interes-
ting in that the P 1/8 (Solod)} snd the Y.E.E. 1/5 (Sclodised-sclonets) had
practically negligible quantity of lime in the initisl states - the amounta
being roughly .02% and .05% respectively. Thus these soila would be
expectod %to fall easy prey to the attack of Na and Mg and start salinisation
straight away, Then on the history of their evolution might be depicted as
follows:~

With the mmset of the wetter conditions in the mid-recent period -
Bromne (loc. cit,)-the salts were brought into circulstion to bring about an
effective medelling of the exchange complex, depending on the nature and
cosposition of the salts preseat, In other words, the exchange complex was
charged with dominantly Ka and probebly also with notable smounts of Mg, as
the analyticel data on total soluble salts and chiorides of the Barossa
Soils studied invariably show dominance of salts other then NaCl (Table 10},
~ particularly in deeper horisons,signifying thersby the presence of Mg-salts
 too in apprecisble amount in the initial state, But as long as the soludle
salts, i.6. clectrolytes,wers in circulation, the soils were still a solon-
chak,

With the further gradusai advence of wet conmditions - so as to be
sulficient for removing the soluble salts from the soil horisons - the
slecirolytes started leaving the A horizon, without however sffecting the
exchangs complex in any way. As soon as the excess soluble salts wers
Pushed down to the lower horizons, the colloids sterted peptisation, dus %o
hydrolysis of Ha (which of course later forms mzcoj) » and mobilization from
the upper to the lower horisons - the theoretically solonetsitic stage,

i.6. the stage of desalinissiion and alkelinisetion. At thia stage came
the full fledped expression of the solonets with its columms in the 31
horison, only to restrict the free percolation of soil solution., With
Ag&iugmtheﬂmlwtorm&smwmottma horison
brought about & slow seepage of the soll solution to effect furthir remowval
of the electrolytes and especially the 2&;2003 formed during solonisation -
finally to start the degradstion of the clay complex as a result of hydro-
lytic . sction of 320 ~ the stage of solodisation,

As soon as the solodisation started with all its degrading effects as
discussed esrlier, the Y.B.E. 1/S and P 1/S gradually took up a podsolic
appearance particularly in the 52 horizon and also in the chexical charac-
teristios.



Now the question is - why the P 1/S reveals a rather true golod
narphology as against the solodised-solonetr morphology of Y.R.E. 1/5.

This 1s possibly due to a difference in the local hydrological condit-
ions, induwoed by proximity of the water tsble in the Y.B.B. 1/S and the
texture of the initial states of the two soils,

That the texture of the parent meterial of the P 1/S {Solod) was much
lighter than that of the Y.B.E. 1/5 parent has bsen shown in Teble 9 as the
moan clay oontents of the P 1/5 end ¥.B.E. 1/5 down to 35 inches are
respectively 185 and 28%, This would certainly have afforded & detter
internsl drainege to P 1/S, thersby hastening the solodisation in P 1/8.

The much lower amount of soluble salts and chloride (Table 10) in the lower
horisons of P 1/S than that of Y.B.B. 1/5 offers svidence to the much superior
internal drainags of the # 1/5,

That the Y.B.E. 1/8 has a high water table, %o permit of a free upward
reach of the saline water to oppose & steady and unimpaired degradation of
‘the solonetxz structure, could bs visuslised from the variously mottled -
partiocularly in greys, blues with bleck inclusions - clay in the 82 horiscn
to domwards. The higher amownts of chlorides and scluble salts in the B
horizon of Y,B.B. 1/S, in compariscn with that in the P 1/8 (Table 10), may
also speak for a high water table in Y.B,i., 4/5 s0 as %o reisxd the quick
degradation of the solonets struciure by maintaining sn imtermittent saline
washing on the degreding solomets.

To this may also be added the geomorphic situation; the P 1/8 (solod),
being situated on the shore 1line of the pre-existing lake - Hossfeld (priv.
comm. )}, might reasonably have had much lower amounts of salt deposition and
as such got rid of the salt much quicker than those lying lower in the walley.

Fourthly, the rainwater is continuously supplying NaCl - Tezkle (1937) =;
the T.E,2, 1/5 having the coluwm still retained; the distinct possidility of
of reintroduction of Na on the colloids is thers, because of the impeded
drainsge and all the more so bocause of the possible existence of a perched
water table during the wat sesacma.

Thus the hydrological corndition induced by the internsl drainage and
watar table,coupled with the possidle higher amount of salt in the initisl
state of the I.B.E. 1/5, has brought sbout the retardation in the degredation
of the solonets feature, whersas,due to tie canditione all being favoursble
to the P 1/8, it got the chance of going em to the moled stege guickly,

Now about the Y,B,E. 2/5, which seems %o be just a weskly solodised
solonets. The characteristic fentures of this aoll are:-

(2) ocourrence in & relatively lower lying flat or rether in locsl
deprepeions, surrounded by Y.B.E, 1/8 (solodizcd-solcmets) and R,B,B, 2/ on
the higher level or rather on the edge. The whole area of this conplex
association has a high water table and especially so for Y.B.E. 2/S as

evidenced by the greenish mottlings of the B, horisen olay (Joffe 1949);
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(b) presence of Gﬁz a8 high as 10,67 in the initisl state - a fact
which is apparently throwing much troubled water as the R.B.E. 1/8L seeas
to have had only 1,15 903 in the initinl state (Table 9).

However, by virtue of ine mdcrotopography of the Y.B.E. 2/1S, it no
dwbtkahmmeivhgﬂltheaarfmmmgcmmwm
and hence has besn having s constent saline wash intermally. Zocondly,
because of the depression, the Y.B.E. 2/1S spot could be reasonsbly expected
to have had a higher amount of selt in the initial states, particularly when
the Y,B.E. 2/18 coourrence has takesn place in the central portion of the

It might be suggested that the Y.B.K. 2/LS had started halogenesis
much latarthmiheo-gmmaa&hmiathedohﬁggarthawbmt
sliges of genesis in the Y,B.E, 2/18, It aeems rossomabls ic hold that
the 1,B.E. 2/L8 had to wait i1l such time as lime clesred cut but the irouble
azises in that by the time lime clesred cut ths soluble salts too should have
cleared out., Uhile the counter-srgument is quite logical, this should nct
necesgarily mean that lime will not move down at 511 £i11 such time as all
the scluble aalts, however great the amowunt might be, have moved down. ind
in fact, from microtopogrephic considerations, a very high salt deposit
could possibly bie expected iIn the spots of Y.B,BE. 2/45 cocurrence, and hence
an ultimate Dalanes, however 1ittle, of salts in these spots could possidbly
bs cxpeoted.

Bven if the salts completely moved down before the lime, there ia
ancther factor siill in operation, snd that is the accession of cyclic sals
(Teakle 19}7) cmmmly by rain in the soil bedy. By resscn of its

ams, in adﬁit:ton to what it received itself through rsin, snd all the
accessions of salt had to trickle through its body which has eventually
brought about the solonisation. This delay in stert is possibly the resson
of its relative youthfulness zmongst its co-geners,

The high water iable,maintaininz an slmost permsnent saline washing in
the B horison, is possibly another opposition ¢o a fast advansement of
degradation.

Thue it seems that the halogenesis in the Darossa Valley exhibiting
different stages fyom weakly solodized sclonets to sclod guite reasomably
iends itself to the interplay of an halomorphic and calcimorphic element
-started probably sbout 5000 years ago, and subseguently modified by local

hydrological and topogrephical eclements and also the initial textural
elements, '

Before cleaing up the disoussion of the halogenic activities, it might
not be out of place to mention that the Biosphere slement alsc neenms to have
started to play its part. This is seem in the P 1/3, particularly, wherein,
Gue to intervention «f the mman element and also due to establisthment of
savennsh woodland, a process of regeneration s¢:ms to have started in the
sclod as evidenced by its neutral resction, restitution of Ca in the exchanps
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complex of ell the horizons at the ampense of We snd also Mg (Table 12).
And 1t might not be too much to say that in course of time the P 1/8 will
probably get rid of halogenic relics snd will seek for a poisolic status -~
& view alsc Lsld by Ellis end Caldwell (1935) =snd in fact,but for the
zoledis atructure of B, horiscn, the P 1/5 could be safely disposed of to

the podsolic group - from chenical, physical and slso mineralogical considers-
tione (28 will be seen later).

The Red Brown Earths have gained their distinctiveness possibly dus to
the drainage condition as a result of high Ca-saturation and vary low amount

of Na-ion in the exchange complex, probably due to the relstively dominating
amount of calcium in the initial state.

Judging individually, the R.E,E. 1/5L hes a good externsl and internal
drainage, thereby precluding the poesibility of any accumulation of salt
snywhere in the profile to bring about solonisstion, The presence of very
1ittle amount of lime 1.1% in the initial state suggesta thet the msoil to
start with possibly did not have much of salt to zericusly interfere with
ths subsequent development,

The R.B.E. 2/ have good surface draimage but fair internal drainage,
but, due to the high amount of lime in the initial state, the quantities
being 20,7% and 29.4% for the #.B.S. 2/5L end R.B.E. 2/SCL xespectively, the
salt invasion oould not interfere with their normal development. And, onoe
the sslt was cut of effect, it was away for good as the chance of acousulation
was snd is practically nil under the advancing wetueas and the present wet-
ness, respeotively.

The characteristio red toning on the bdrown ecolouring of the clay seems
to be due o guod meration condition to facilitade oxidation and ageing
(Joffe 1949) of iron; whereas the yellow toning in the Yellow Brown Earths
iamyémtompm&mefamﬁmiﬁmdtheimheldin

: lstatoinﬁmmilmﬁam That the yellowing is due to the
lower state of oxldation of irom could be vimwulised from the fact that the

yellow toning is met with as soon as the impexviocus, and occasionally watex-
logged, clay horiscn of the Yellow Brown Barths is reached but not befors
that.

Thus it seems the presence of lime in the imitial atate, coupled with
good drainnge comdition, has Lwought about the distinctive genesis and
morphology of the Red Brown Farths.

In this comnection, it may not be too much to sey that, had the
Y.B.E. 2/LS baen situatsi as the surrounding R.B.E. 2/ in microtopogrephis
considerstion, the Y.B.E. 2/L3 would probably expres: itself sas a Red Brown
Earth, And in fact, excepting the solometzitic structure snd the relative
proportions of the exchangeable ions, which are seemingly induced by the
microtopography, thers is hardly any significant difference between the
R.B.E, 2/ and 1,B.E. 2/L3,

As far as the Hlack Farths (Rendxina) are concerned, the governing
foroe seens to be the nature and abundsnce of 1lime in the initial atate -
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wherein the lime content aa shown (Ta‘b}.ols) and discussed previcusly is
decidedly the hizhest smongst those the grovps studied, Secondly, the
nature of the lime was shown to be very soft as against the hard nature of
lime in the casea of other soils studied,

The drainsge condition too is moderately good, doth intermally and
externally, to preclude zny salt acoumulation anywhere,

Thus the nature and sbunlance of lime in the initial state, coupled

with the moderetely good drainsge, are the reaponsible factors of Rendsina
formation,

The dark grey o black colour of the suxrface is due to the presence
of humus as shown defore, either as a Ca-saturated organic colleid or possibly
in oombination with free ircn oxide as suggested befure, or both, in conjunc-
tion with immic acid. '

The 100% (Teble 12) bese saturation of the colloids bas been exerting

o buffering saction sgainst sny textural differentiation of the profiles and
honece iz the distinetive morphology.

Thus in the light of the preceding discussion, it may be said that
the solils of the Herosse Velley wnder the investigstion ssem to clearly tie
themselves up with the gecloglc hislory end déposits, climetic history and
svolution, rdero snd maoro vellef (including hpdrology), end also human
interference and phytosphere of the Valley,



CHAPIER III.
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{5) Review snd pemeral discussion.

The term clay, by virtue of its wide usege smongst the workers of
varicus branches of scientific discipline, has nssumed several shades of
implication., The chemiats, mdneralogists, ceremists and soils men have
m@wtheshayorchytomﬁmwmﬁmgmblm,bm
mmmmMdeclaywmpmﬁ;m
of the same order of importence to all the scientists whatever their branch
of study may bs,

Clay, as designated by the Committes cu Ssdimentation of the National
Research Council and by & Commities of the American Ceremic Society, omxries
with it three mesnings (Joffe 1949):-

(1) a paturel materisl with plastic properties;
(2) an essential composition of particles of very fine size
gondes;

(3) an esaential comosition of crystalline fragments of minerels
that are mainly hydrous sluminium silicates or cccsaionally
hydrous megnesiun silicates.

To a mineralogist, clay conmotes s group of minerals, and, eccording
to Grin (1942) clay minerals are hydrous aluminiuwnm silicates frequently with
scme replacement of the aluminium by iron and magneaium and with small
smcunts of alkalies and alkaline-carths. In rare instances Mg and Fe
coapletaly replace Al,

A soils wan however uses the term to designate a maschanical separate
of 0,002 mm, or less in diameter, i.e. a ocolloddal material, which is meinly
responsidle for practiosally all the chemical, physico-chemical and morpholo-
gloal properties of a scil boly.

The sarlier writers on soils, in discussing the nsture of the clay,
gonerally assumad it to be an amorphous gel, It was in 1928 when Powsell,
63 pointed out by Rebinsen (159), questicnel the validity of the above
aspumption and gave a definite hint to the orystalline nature of clay.

Ross (1928) by X~ray studies on olays dezcustrated the crystalline
structure of certain clays and salso identifiad some definite minersls as
common constituints of claya.

Hendricks and Pry (1930) by the application of the X-ray method
confirmed the oxysialline naturs of the ol:y colloids. A very signifiocsnt
fact that emcrged out of the works of Hendricks and Fry (loc. cit.) was that
the primary soil minerals such s felspars ard mioas were not found among
the erystalline material of the colloid frestion, which suggests that the
lower linit of thedr physical subdivision lies above the limit (0.00% am, )
which demarceles the calloidal material for this work.,

Yarshull (1930) from a study of the double-refraction properiies of
certain clays gave further evidence to the orystslline mature of clays,
mmammtmmmmaﬁmemmunm”my
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definite positions within the orgatel struoture too. Pron ultra-asdcrosoopic
mmmﬁmtfwagiwuchymuﬁmmm:m
istic degree of digpersion,

Kelloy and sssociates (1931), by comparing the X-ray pattzoms of potash
bentonites and of some clay colloids, added to the evidence of orystalline
nature of «ley.

¥ith the advancement of X-ray and other associated tochniques for soil
ccllodd stulies, the orystalline nature =f elay zained unquestioning acoepiance,

But witi) receatly the ccsplexity and heterogeneity of the clay
minerals was not fully sppreciated. If ihe X-ray o other evidence indicated
the presence of montmarillomitic clay, the ccnclusion wes that the soil was a
montaorillanitic one, and ir the evidence waz strong enough for kaoliniis the
20il wes noted ap kaolinitio, ‘During the last iwslve years; the problea was
mmmunmmummaruwmmmmtm
matter is not just as simple as to designate the soils es kaolinitic or
montsorillionitic, Bvidence that mixtures of different clay are commom in
soils has now become convinecing, It is now well established that two or more
kinde of olay minsrals are prossnt in the vast majority of soils, In esrtuim
thmmewauywﬂymwmomtm,MJut
aaimle;&ﬂetm@ﬂwhsmhbmfmmm&xm. In this
Mm.mnﬁmmummmmmmg,mm,nm
and sssociates (1539}, Kelley and asscolstes (1939), Russell end Haddook (1940),
Fagelsohmidt end associates (1940), Coleman and Jaokeon (1945), Jackeon and
Hellmen (1341). s pointed out by Xelley (1948), evidenoe that mixtures of
diﬂmtﬁma@felvmmmmﬂmhmmmmm@. Specisl
reference to this contention muy be made to Joffe's (1949) compilation regard-
Wmmmﬁccmﬁmafmﬂamhﬁmmmmtypa
(after Sedletakii).

During recent yeers, s good smount of work has been carried out on the
actual crystal strusture and assccisted propertiss of olay winsrais. Pollow-
ing the idess of imuling (1930, 1940}, Goldsclmidt (1937) and others based on
the Thearies of lragg (1937), 4t uay be said that the olay mineruls have
crystal latiioss bullt of guccessive layers of lisiked atoms, Tvo auch types of
layor have besn recognised:- (1) the silioa layer and (2) the gibbaite iayer,

The units of clay minerals are formed by the condensation of the afore-
said layers to give rise to iwo types of minerals -

(a) the Bi-layer or two-laysr or Si-Al type;
(b) the Tri-layer or three-layer or Si-Al-si type.

The clay uinerals falling unier the two~layer type or "Si-AL" twpe
subrace the keolin group with the general f&mﬁa&zﬁj 3102::520. Within
this group are distinguished three sub-groupe:~ (I) the kasolinites, corres-
pwdiagtonzﬁsiswzzﬁzﬁg (1) the anauxitesz, which are siniler to
kaolinites bui with ss.na/mngo3 ratio > 2; (III} the hydrated balloysite of

mrmnzoszsiezanzc. 7o soils men kaolinite is of the greatest
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importance smongst the kaolin sub-groups. The Si/A1 ratio varies from 1.8
e 2,1 in different mesbers, owing to limited iscmorphous replacement of
22" vy Fe™™ and 51*"uy 17", The lattice structure of aolinite does
not expand with verying amounts efﬂzaaui as such it has & low cation
exchange capacity (10 - 15 m,e. ¥: Eslley (lcoc. cit.) J.

Under the three-layer type or Si-Al-S5i type of lattico come the -

{e) Pyrophyllite-montmorillenite group;
(b) hydrous mica or illite group;
(o) palygorskite group.

(a) fmonget the three-layer minerals, thoze wnder group (s) have been
studied most extensively indeed by various workers such as Hofmann and
associates (1933), who suggested its probeble composition as _(sa)hukaaom x
H,0; Caldwell and Marshall (1942), who studied the Mg subatituted mineral
(saponite) and Fe substituted mineral (notranite); Hendricks snd sssociates
{1340), who studied the swelling properties and interlayer apacings of
montmorillonite; Ross & Hemdricks (1945), who gave a very thorough discussion
of the minersls of the montmorilionite group, their origiu, selation to
solls and clays; FRoss & Kevr {(1931) made & particular study of beidellite
with specisl reference to $10, ; Al,0, ratio; Grim (1942) presented »
comprehensive discussion of montmorillonite and alzo all other clay minerals
with reference to their various properties, In 2 nutahell, it may de
indioeted thet 35.52/3203 ratio in this group veries from 3 to alightly less
than & and a cution exchange capacity of 90-110 m.e, % This kigh exchange
cepsoity, and in fact the highest known amongst clay minersls, of this growp
ard particulerly of montmorillonite, is said tco be due to its expanding
lattice, However, for the present investigation, the minerals under group (b),
i.z. the "I1lite” group, deswrves more attention, as this ia the cne which was
found, in coebination with kaolinite, as will be seen later, by X-ray analysis
in the clays examined in the preasnt atudy.

(b) The term “Illite" is due to Grim and associstes (1937), who, after
discussing the various synonymous terms of hydrous miza and their implioations,
finally proposed this term after the neme of the State (Tllincis) whare the
minersl was studied by then. According to Orim and associstes (loc, cit.),
the 1llite structure is similar to that of montmorillonite exoept that 15%
of Si¥*** positions are replaced by A1 and the resulting deficiency in
positive ions is satisfied by K ions between the 310, shests of two succes-
sive unit cells,

Computing on the basis of the snslyses of the purest available samples,
Crim and associates (loc. oit.) propcsed the formula for 'Illite’ as 2 k.0,
3 %0, 83205' &S&Oz, 12320- although thay have left the farmula open to
medification from future additional analyses.

The sm.‘,/xzo} of I1lite is sbout 3 snd the cation exchengs capacity, as
suggested by Crim and associates (loc. cit.), is 20-40 m.e, %, but Endell and
associates (1935) assigped a value of 50 m.8. % to Climmerton, which is
sdmitted by Crim and amsociates {loc. cit.) tc be similar to Illite. And
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2 cation exchangs capacity of 50 m.e. % would be no wonder for Illite if

the particle size 15 seall snough as was hinted at by Grim and associates
(10@0 ﬂit.)‘

An inspeciion of the xae caatent of Iliite from the chemical data
prexented by various workers incluling Grim =nd associstes (1ce. cit.) seems
quite & velisble index of Illite. The Kzﬂ content of pure Illite as is
evidenced by the available data swings round about 6,55 (on ignited ssmples),



Thile the clay minsrals as such have been quite considersbly studied,
very little work has been done cia the mode of weathering of minersis in
different scil types and in the soil profile. UMocat of the studies have
been made on minarals isclated from native rooks with no direct reference
to the soil., The infermation atpremtjuuih’blaismlyotaprﬂhm
character, and, to reproduce the words of Robinason (1949) - "Cas of the
principal tasks in the future is the gurvey of clay minerals of the prineci-
pal world groups znd subgroups of scils”. It was only in 1945 that an
attempt in this line was made by Sedelsikii, whose minerslogical work on
profile bagis covering aimost all the major groups of Russisn goils - as
compiled by Joffe (1949) ~ is well worth referring to, DBut the results of
hiz investigation do not shor the relative proportios of the different
minerals and the distribution thereof on natural horison basis (excepting
the podsols and yellow earths which were studied on horizon basis).

The present investigation, unier the sircusstsnces, was aimed at
making 2 systematic study of the naiure, composition, relative proportion
and distribution of the clay minersls in the types and groups of soils
covered Ly the present atudy.

The results of the X-ray analysis on the clay minerals as presented
in Yable 19 show that -

(a) As waa to be expectad the clay minerals in the soils, irrespective
of horizon, type or group, are present as cowbinations mainly of illite and
keolinite in varying proportions, except in ons semple in the BL.E(B) where
in the deepest sample (90-108%) montmorillonite also made its appearance.

(b) The A horison clay of all the scils exocepting the Black Earths
{(which have boen groupod unler the Rendsina) hae, in addition to the clay
minerals (illite snd kaolinite), shown some quarts too (varying from <10% -
20/) .

(¢) The relsiive proportion of illite to kuolin in the Black Earth clay
is the highest of all the groups studied, and lowest in the P 1/S which was
regarded as & Solod, and intermediary in the Red Brown Earths and Yellow
Brow: Earths (solodised-solomutz).

(4) In the Black Earths or Rendsina sodls, the vertical distribution of
the relative proportion of 1llite to kaolinite is constant and the most
noteworthy feature is the presence uf & very liitle amoumt of kaolin and
henoe the clay minerals might possibly bs regarded as rather purs samples of
i111ite sllowing for ccourremce-under-{ield-conditions.

{e) In the P 1/5 (Sclod) clay fracotions the 4llite : kaolin ratio in
the 4, horisan 4s 50 : 50; in B, hordson, 4O s 603 and in the B,, 30 : 70,
i.e, thehclinstarhueqmltoimwm%haﬁ.mmdwm%mm
31lite content in the B horizon, thereby presenting the whole profile as
dominantly kaolinitic as against the Rendgina profiles which are mainly
1liitie.
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(£) In the Bed Brown Barths the olsy minerals, although dominently
illitic all through the profiles, have shown kaolin conatituting a substan-
t4al amount, In the i horizan the illite : ksolin ratio is 70 : 30 in all
mmﬁththemumttmdmyﬂacmﬁwmainmmm
content and & corresponding fall in 111ite content with depth, ss in the B
horizen 11lite : kaolin retic assumes 60 : 40,

(g) In the Yellow Brown Harths (Solodised-Solomets) the illite :
kaolin ratio trend with depth follows the ssme line as in the Red Brown
Earths with ths difference that in the Y,B.B. 1/5, which have shosn s more
tdvanced stage on the way to Soled (as indicated previously), the illite :
mmmﬁomm%mmwsﬁ 140, showing wore ksolinisa-
tion than that in the Y.B,E. 2/LS (11lite : kaolin = 70 : 30) which was
previcusly shown to be just stepping towarde a Solod, indicating thereby
that the mare the degradation of the clay complex, the more is the kaolini-
sation - which may be dus to the formation of new minersls or may be just

due to the breskiown of tri-layer ones giving way to the comparative rise
in the bi-layer ones,

(h) The Illite in almoat all cases is hydrated to a more or less
extent - what it is due to stems rather herd to say, as the hydration of
illite does not seem to correlate with the field hyirological conditions very
well.
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TABLE 19,

X-RAY CRYSTALLOGRAPHIC REPORT ON CLAY MINERALS,

5011 Type., Clay
Fusber,

Inches,

Depth Horizon,
in

The miaerals and thair relative
pxroportimms.

R,B.E, 1/SL 15148 9 - 11

1 12 - 27 B

48 31 - 48 )

I1lite + Kaolin (70 : 30), Quarts 10%
spprox. Illite partly hydrated.

Illite + Eaolin + Goethite, Yllite
pexrtly hydraied, more than that in
15146,

I1lite » EKaclin ¢+ little Goeothite
{I11ite more hydratad than 15147},

R.B,B. 2/8L 15151

52 5% - 13 B

55 13 -17 B,

T1lite + Kaolin (70 : 30), possibly
ancther minersl with line 40 X,
Quarts 10%.

Tlite + Kaolin (2 : 1), amall
zaounts of Goethite,
I1lite + Esolin {70 : 30). Illite
hydrated.

R,B.E. 2/ 15156
0L

57 5-9 B,

58 12 - 1, B,,

T1lite + Esolin (70 : 30), several %
quarts,

Illite + Kaclinite (60 1 40) + a
1little Goethite, Illite partly
hydrated,

Illite + Esolin (60 : 40) ¢ Gosthite
(more than in 15157), Illite
partly hydrated.
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TABIE 19 (Ctd.)
X~RAY CRYSTALIOGRAFHIC REPORT ON CLAY MINERALS.

Soil Type. Clay

Depth
in .

Inches,

Tho minerals and their relative
proportions.,

Yot E. 1/8 15163

65

6 - 12

13 - 22

11lite « Eaolin (60 : 40), Quarts
20, Illite a littls hydrated.

I1lite + Kaolin + Goothite (15%) «
very little Quarts, Illite
hydrated,

Illite + Kaolin (60 : 40), + Caloite
I1lite hydrated.

Y.B.E, 2/I8 15170

13

b5

5«15

22 - 30

I1lite + Eaolin (70 : 30) + Querts
several per cent, Illite
hydrated,

Illite + Kaolin (60 : 40), Illite
hydrsted,

Illite + Kaolin (60 : 40) + a
Iittle Goethite, Illite hydreted.

P1/s 15178

Il1lite « Kmolin (50 : 50). Quarts
{(20%).

T1lite + Ksolin (40 : 60), Illite

Illite + Kaolin (30 : 70). Illite
hydratad,
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TABIE 19 (ctd.)

X-RAY CRYSTALLOGRAPHIC REPORT (N CLAY MINERALS,

Soil Type. Clay Depth Horison, The minerals and their relative
Humbaer, in proportions,.
MMQ
Black Sarth 15758 0 -7 - Mainly hydrated Illite (highly
BL.E(A). hydrated - about 0.5) a little
Kaolin and a 1ittle Iliite.
59 915 - Sane ss above,
60 20 « 29 = Ssme as above + Calcite,
. 60 3W=-60 = Some s 15760,
Bleck Eaxth 15763 O - 3% - Seme as 15758,
mhx(B)o
6 3 -6% - Seme ss above,
65 Ti-1 - Saue as above.
66 15 - 28 - fame ag above + Calcite.
68 90 - 108 - Montmorillonite + little I1lite +

1ittle Ksolin + Lolenmite,

Analyses conducted by Mr. K. Norrish (an Officer of the C.S.I.R.0. Scils
Division, stationed at the Waite Ingtitute, Adelaide).
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- Regarding the pedological significance of clay mineral studies,
although the information available heretofore hardly permits any oritical
discussion, nonsthaless it dces slicw certain goneral statauents to be made
partioularly in keeping with the chemical data on the clay minerals and the
works of Sedeliskii as compiled by Joffe (1949) snd also scme American works
which will be referred to in due course.

Because of the fact that the cation-exchange material of soil is not
merely a finely comminuted igneous rock material but is ome or ancther of a
fow products which are bdearing the brunt of geologic and pedogenic processes
which came into play for its formstion, the 3102/320 ratio should afford a
significant distinction between the relative Mmee of the two-laysr and
three-layer minerals so as to throw some light on the pedogenic significence

of the clay minerals especially in soil clsssification and also in plant and
animal nutritiom.

In consideration of 83.02 : 3203 rstio, the clay minersls can be
divided intc two classes:-

(1) The 8i-Al-Si or three-layer minersls, i.e. the illites and
montmorillonites, with a 3102/R203 ratio of about 3 to 4.

(2) The Si-A1 or two-layer minersls, i.e. the kaolins with
8&02/12203 ratio of round about 2.

Bat in sotual practice in the clay separates of different soilas, it
is hardly possible to get & clear-cut demarcation because as pointed out
Mmthbi»lwaﬁtﬁ-l&mmmtmmmthemmh.
We can nevertheleas conceive of the facts that - (a) the more silicsous the
clzy the more would be the dominance of the tri-layer mineral; (b) the mere
sesquioxidic the clay the more would be the dominance of the bi~layer minerals,
The index of siliosousness however is to be assumed to be a value of 2
(although provisional) for 810, : 3203 ratic of the clays.

The present inveatigation clearly jJustifies the sbove ccuception as the
¢lay minerals of the Black HEarths (lendsina) which are of the highest 810, :
3.203 ratio and higheat 3102/31203 ratio are also mainly illitic,

Again considering the vertical distribution in the P 1/S, the deeper
the horison the less is the siliceous nature, i.e. the more is the sesquioxi-
dic nature, thuwﬁmw.mﬁmmmmeot
kaclinite with depth, Secondly, looking grows by group as the relative
propurtion of illite comes down, the clay also becomes less silicecus and
more sesquioxidic. This has beean brought forward in Table 20,

An examination of Table 20 further shows that, while the Rondsina snd
Red Brown Earihs show a pretty good relationship between the Bi 3 R203
ratio and the relative sbundance of bi-layer and tri-layer ninemh in the
clay, i.¢. the more the clay is relatively rich in the tri-layer minersl
(111ite) the higher is the s:m 1 2293 ratio, the halogenic soils with the

adveni of solodisation seem ‘ha discbey the ebove principls, theredy sounding
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TABLE 20,

| &
RELATIONSHIP BEPWEEN THE NATURE OF GLAY MINERALS AND S10,/R,0, RATIO
OF THE CLAY. b

Genetic type. Soil type. Horisom. Illite : Kmolin., Si0
Fe 0 +41,.0

2377273
Red Brown BarthsR.B.E. 1/8L Ay (70: 30 2.26 )
(B, ( not certain 2.13 )
( B, ( not certain 2,22 )
R.B.E. 2/8L ( &, (70: 3 2,30 )
(B, ( 2:1 2,17 )
(3, (70:3 2,20 )
R.B.E, 2/30L ( &, (70: 30 2.2 )
(B { 60 : 40 2.19 )
( Bh ( 60 s &0 2@2&- )
Rendxina BL.E(A) (0 -7" (¥ainly 11lite, a little 3,05 )
_ kaolin.
( 94 - 154%( " . 3.00 )
( 20 - 29" ( “ - 3.15 )
( 38 - 60" ( " B - )
BLE(B) (0~ 33" (Meinly 11lite, a little 3.02 )
kaolin.
( 3% - 64" ( » » - )
(7 -1 “ . - )
( 15 - 28 ( e = 30’6 )
( 90 - 108*(Montmorillcnite, 3.07 )
1ittle illite + little
kaolin,
Solonsts-Solodi I.B.E. 2/LS ( 4, {70: 3 2.2 )
Complez, (3 (60 : 40 2,16 )
(B, ( 60 : 40 2.17)
T.BE. 1/8 {4, ( 60 : 40 2,65 )
{ B, (not certain 1,95 )
Sclodd P1/s (a, (50 : 50 2,78 )
( B, (40 : 60 1.95 )
( 32 ( 30: 70 1.93 )

3 2203 - Stands for ?8203 + Alzos.
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amteotwmdngammttoolibmlm&pplimﬁmortheamz s 3203 ratio
as an index of the minerslogical nature of the olsy. Because in the

¥.B.E. 2/1S which is just stepping to sclodisation there is s 520, : Rz(l'5
ratio of 2.2 with an 11lite : keolinite ratic of 70 : 30 (4n the A, horisenm),
8 seemingly reasonable ratio with reference to the Red Brown Barths, whereas
in the corresponding horison of Y.B.E. 1/5 and P 1/3 the clays with illite :
kaolinite ratios of 60 : 40 and 50 : 50 respectively have the 810, : 2203
ratios of 2.65 and 2.78 respectively, which is contrary to all expectations
in the light of the present discussion.

An explsnation of the above disorepancy way not be far to seek. As
suggestod by Hobinson (1949) - “There may be an actual libderation of 810,
wnder Solotisation™., According to this suggestion, it seems quite reasomable
to axpeot that the liberation of 810, in the 4, herizon accempanied by
removal gr 3203 would widen the 33.02 3 3205 in the 4,-horisen-clay of an
appreciably sclodised soil and more so in a solod, without any reference %o
the mineralogical composition, This is exzctly what has happened in the
Solodized-Solanets (Y.5.E, 1/5) and in the Solod (P 1/5), Thus it seems
quite logical to say that it is due to the liboration of 810, that the
83.02 H 3203 retio of the A2'~m:m-cm has assumed high value in the
1.B,8, 1/8 end P 1/S disregarding the relative proportion of illite to
kaolinite.

It is also quite interesting to note that as the solodisation in the
soils of the preszent investigetion has procesded onwards to form the solod -
thtSi.Oz ] gzasﬁmmtheﬁzhoﬁmclﬁyMpwupaadup, whereas the
1l1lite : kaolin ratio has gone down and down, This clearly demonstrates
two thinga:-

(1) with ihe sdvance of solodization more and more 510, is liberated
from the degradation of ths clay complex;

(2) the advanos of degradation of the clay complex along with the
asdvance of solodisation bresks down the Iri-layer minersl part of the clay

(i11ite in the present case) preferentially, thereby showing up the kaolinite
portion more and more,

Thus in & complex assccistion of the different stages of solodised
soils to aoled, the relative muturity may be trazed from a study of the
chemistry in conjunction with nineralogy of ths clay fraction fmA2 horizon,

Regarding the mode of formation, it may be said that ths wore
siliceous type of clays generslly betokening & dominance of tri-layer
minersls to greater or less extent may be formzd:-

(1) by primsry weathering from orystalline rocks under conditions
whichmhn&inthe!uyof&mzmllmehwmmta-
(2) restrioted leaching owing to en exvess of ewaporation over
rainfall as in axrid and semi-arid climmtes;
(b) impeded drairage as in ground water solls or in soils
developed from parsnt msterials with impervious strata;
(c) prevalence of high base status:
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(II) by the concomitant precipitetion of dissolved silicic acid with
suspended matter in eustarine, lacustrine and marine sediments, as in clays
of soils of secondary weathering and in cluys of immeture soils derived
from celcarecus sediments -as cbserved by Fobinson (1945); .

{II1) bythczwv&lofllaa by leaching as in -

(a) Podsclization under acid humus;

(b) Solotisation - consequent on the hydrolysis of Na-clay, and
removal of KaeCH and evemtual loss of Rzo due to unatability
of the clay complex, cmaquémtominmofﬁmm
exchangs complex, n_this process however there may
sgtual liberation of silica - Robinson (20, oit.)

In consideration of the above-cutlined processes, it might be said
that & dominance of Tri-layer minersls would be no wonder in the soils
sasociated with caloarecus perent material and also in the scils of hydro-
halogenic origin, Joffe's (1949) compilation of Sedeltskii's comtribution
in this line anply justifies the abowe hypothesis, at least qualitatively.

The present investigetion ico, whersin ile Rendxina soils are mainly
of 11litio (tri-layer mineral ) clay, the hed Brown Xarths snd the
Solodised-Solonets solls are df dominantly illitic clay, adds to the evidence
of the hypothesia.

In the aforesaid cutline of the processes, it was said that podsolic
wnﬁeﬁcyms‘ofnz%mbmutimmﬂeobﬁngabmthafmtinnot
2 siliceous type of clay to hint at the prescnoe of a substantisl if not
dominant emount of tri-layer mineral in the eluviated bhorison. This
Wyw&mi,m%umm&mwnaﬁ in the B horizon, the
&Ozlhzo nmmtwmnmdopthuufmm»@pﬂmlhﬁm
or solodisation process. In that case ome would expect a relative predomin-
ence of highly sesquioxidic clay minerals or bi-layer minerals in the B
horison, provided of course the formation of new di-layer minarals takes
plage in thw B horisen, Definite evidence of the formation of bi-layer
sinerals in the B horison of podscls is heretofore not available, not to
spesk of Solods., Petersom {1944), working with some Iowa soils to exsaine
the influencs of bi-layer (kaolinite) and tri-layer (momtmorillonite)
minerais on soil structure, msde scme clay mineral siudy (thermographic) of
poisol profiles, It appeers from his statements, as he did not mention the
quantitative relative proportions, that the younger podsols showed a
relatively higher smount of iri-layer minersl in the B-horisom clay than in
the A horizon clay, but the older cnes presented just the reverse case, i.o.
in the older one the kaolinits cantent is relatively higher in the B horison
clay than that in the A horison, Nikiforoff and Alexsnder (1942) cbserved
mimmnhh&mwsnthcawmchy@tpo&mlm The works of
Sedletakii on the clay minerals of podsol profilss as compiled by Joffe (loc.
eit.) unfortunately do not indicate the relative proportions of the hydrous
smsoovite (which is Just & syninym of 11lite) and kmolinite in the different’
horisons.
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But, depending on the few available reports and from thecretical
consideration, it way be gaid ihet in a mature podsolic profile, the keolin
mtmtabouﬁbeoxpmhdﬁomnmﬁwhmtmmsmm

or, in other words, the relstivs proportion of kaolinite would be higher
in the B horizon than in the & horizon.

Under the pretext it might also be ssaumed that in the podsolization
proczas new minerals are formed in the B horizon as the soils attain
maturity, Peterson's {loc. oit,) cbservation that the older podsols show
a higher kaolin content in the B horiscn cley than in the A horizon clay,and
reverse is the case in the younger podscls or podsolic soils, iz an evidence
to the sbove supposition., In this commecotion, the comtribution duwe to
Jackson and ssscciates (1948) on the weathering sequence of clay minerals
seems very significant. The authors,philosophising on their “suoosasive
parent material principle® snd "simple residue principle in scil horizons®,
very clearly hinted a’ the possibility of "Seocndary keolinigation® in the
illuvial horizons due to the rewnion of Gibbsite and Silics oolloids
demobilised from the eluvial horiszons - wherein however the ksolinisalion
takes place by the degradation of the tri-layer minevals of the colloids and
non-colloids as well, Another very important sbesrvation was msde by
Alexsnder snd associates (1942) who advanced that 4he gibbaite,formed as a
resul’ of primsry weathering, may norsmally be resilicated to keclinite in
the zone near the parent material. Harrison {1933), as pointed out by
Jackson snd associates (loc. cit,),postulsted resilication of gibbaite through
rise of 83.02 through the ground water from freshly decomposing zilicates.

It seems therefore with the advance of pedogemesis that the clay silicates
in the A horison gradually proceed on o the formation of bi-layer minerals
by the rupture of the tri-layer ones and the bi-layer anes on further bresk
give rizz to the appearance of free 3102 snd Alzas, which move down under
varying conditions and eventually start rebuilding the bdi-layer minerals in
the deeper horizoms. The rebullding accordiing to Jackson and associates
{loc. cit.) msy even proceed on to the formstion of secondary tii-layer
minerals in the illuvial horizons in course of time,

Thus, wnder the ciroumstonces, it might be sasumed that & matwre
podsol would be expected to show a relatively higher keolinite content in
the B horison clay than in the 4 horizon clay. And, as a genoral oase, it
would be expected that the rodsols and also the laterite soils;, i.e., all the
strongly lesched soils, tend ic be of an overall keolinitic nature - Kelley
(1948) = as sgainst the illitic mature of the Rendsinas as disoussed previous-
ly. But it has to be presumed that new formation of kaolin takea place
during the podsolisation or laterisation process at the expense of tri-layer
winerals, As far as the surface horizone are concerned, the possibility is
there - as discussed before,

Before procesding with the discussion any further, it might be well
worth quoting = few lines from Robinsca (1549) - "It would be of periicular
intereat to ascertain if the removal of sesquicxides in podsolisation and
solotisation lezads to the formation of new minerals or merely to lideration
of silioca®.
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As far as the podscls are concermed, the evidence presenisd before,
however 1little it may be, does indicate the possibility of new mineral
foroation with matwrity, lesding to the relatively greater dominance of
kaolinite in the B horison clay than in the A horison clay.

How the point is what heppens in a solodisation process is hard to say.
But sinee solodic process of soil formation can be regarded as a parallel to
the pedsolie process, it might not be too much to expect new kaclin formation
in ¢ meture soclod., The cbservetions of Alexsnder snd asscciates (loo. cit.)
aud Harrison (1933) seem to be quite in harmony with this mnalogical assusp~
tion.

It does not sesm very safe to speak any mcre on this at this stage of
development of clay minsralogy, perticularly beceuse & report on the clay
mineralogy of solods does not seem to be availsble in soil literature.

But the present study, which has shown (1) an overall dominance of
keolin in the sclod clay frections, (2) a relative increase in kaolin conient
of clay with depth, although it may not De safe to rely on mare than simple
statemonte, ucnetheloss has sfforded something to think about-in.the new
kaolin formation in the deeper horisons of the solod stuiled. The overall
daminance of kaclin may or may not have any definite pedologionl significance
but the ddsiribution with depth is not 4o be igiored,

To sum up, it may be said that -

(1) The elay minerels of the Barosse soila studied are composed mainly
of Illite and Emolinite in werying proportions in different grours; some
nino: sppearsnces of such as Juarts and Gosthite have also been noted -
Quartz ir the Red Promm Earths snd halogenic solls and Goethite in the Red
Bromn Earths snd the Solodised-Solonets scils, In no case was Goethite
found in the 4 horizon. The Rendsina clay howsver has shown no socessories
such 8s Quarts or Goethite, showing thereby a more youthful stage in pedo-
genssds - Jackoon and associstes (1948).

(2) The Rendsina soils have presented mainly illitic clay with no sign
of any variation in the relative proportion of illite to ksolin with depth,
whereas the solcd (P 4/S) presented a dominantly kaolinitic olay - the
relativessount of kaolinite to 1llite is increasing with depth - the $llite :
kaclin ratio in the A,, B, and B, horisons being respectively 50 : 50, 40 :
60 and 30 : 70; the Red Brown Zarths end the solodised-sclonets (Yellow
Brown Zzrths) clays are dominantly illitic with a tendency to get compara-
tively richer in keolin with depth (Table 20).

(3) The 810, : B0, (41,0; & Fe 0,) ratic seems to have a reascnebly
good correlation with the mineralogical composition of the clay, cxsepting
the halogenic soils, particularly in the “2 horizon, vherein, dus to libera-
tion of free 510,, the ratio has gome up, irdicating a high silicecus mature
of the clay although the mineralogy ha: followed just the opposite direction
as far ss the ralative proportion of 11lite : kaclinite in the alay is
conoernad,  Because of the fast that the 8162/3203 ratios in the A, horizon
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clay of Y.B.E. 2/i8, Y.B.E. 1/5 and P 1/S respectively sre 2,2, 2,65, 2,78,
normelly one would expect a gradual dominance of illite over keolin sccording-
ly as e pesses from the weskly solodised to the solod, but in practice the
present case hus shown jJust the reverse as the relative proportions of the
minerals in the A, horizon are respsctively 70 : 30, 60 : 40, 50 : 50 -
{I11ite : Zaolin).

(4) The vertical distribution of the 810, : 3203 ratio, in the Solod
(P 1/8), however, shows a good correlstion with the 1llite : kaclin ratic,
a3 the retio has narrowed down with depth along with the relstive widening
of the kaolin pertion st the expense of the 11iite portion.

(5) The gradusl advance of kmolinisatica with the sdvance of solodisa-
tigqmquitc'simrimt and may be regarded as a good index in the
shaence of other dsta. :

(6) The overall dominsnce of kaolin in the clay fractions of the Solod
(¥ 1/8) profile holds it as a parsllsl tc a podsol and the possibility of new
kuolin formation in the B horizon seems reasomeble in the soledi profile,
although the Influence of parent material is also to be considered.



Having ascertained that the clay minerals of the soils under the
present investigstion are comiinations of Illitess cnd Kaclinites, the next
step was io examine how far the illites stuiied conform to the illites of
Grim and sssociates (1937) - the originator of the name Illite. As was
mentioned previcusly, xzs content is quite & oritical index of illites.
lg0 may also be taken into consideration, but with definite reservation
because of the distinot possibility of iscmarphous substitution in the
octahedral position of the lattics structure.

M@lmmufwxgﬂmmmm&mamw
samluoftheclayfmﬁm,mnmmmmh&et-

(1) the semples contsin no adventitious minerals such as gosthite or
dolomite or antmorillonite or even montmorillanite intermediate;

(2) the samples repreaent s gradual sequence in the proportion of
ilutcl{mhas'.{:xnzcz70,#9:60,56:50,&:&9,?0:30):0:&
to enable & final caloulation on the basis of 100% illite for K,0 and Mgo,

The reaults of the chamicel snalyses are presentad in Table 21 and
are alse illustrated grephically (Fig. 2t) to show the variation of K0
content with that of the illiiz content of the pamples analysed, The
m&.wmmmmapmumorxzommm,m@s
111ite basis swing round about 6.4, which is jJust about the same wvalue as
reported by Grim and associstes (looc. cit.). As far as the MgO oontent is
concerned, it has not shown agreenent with those given by Grim and associates
(10c. oit,), probably because of the isomarphous substitufioms teking place
during the pedogenesis in the octshedral poasition. And in faot it would be
rather surprising if the Mg0 dste were in agreement with those of Grim and
associates (loc. cit,), perticularly because their reports ere based on the
analyses of specimens taken from native rocks and not from clay frections of
soil horisons. maatspr&mmbythusiwuax,‘pmmtef&ﬂs«-6.9%
and a MgO content 2,69 - 3.93% in illite,

The above menticned authors have assigned & 53.62 H R',_{J3 ratio of sabout
3 to 11lite. Looking back to Table 20, it will be seen that the clay frac-
tiony of the Remdzinas which oomtein mainly illite with a 1ittle kaolin have
8 5102 : 3233 of 3 = 3.15, thereby agreeing with the assipgnuent referred to,

As for as the cation exohange capacity is concerned, the above-
mentioned authors proposed & capacity of 20-40 m.e. % for illite, wheress
Endell ani associates (1935) assigned a value of 50 m.e. % to Glimmerton
which ia similar to illite (admitted by Crim and associates (loo. cit.) ).
Although it is rather a great risk to veature to say much to relate the
cation exchange capacity of soils with the mimeralogical oomposition of the
clay fresotions, it may not be too suoh to indicate that the cation exchange
capacity of the inorganic colloid of the Remdzina soils was by statistiosl
calculation found to be 52 m.e. %, This value is cbteined by ssewing that
ths clay frection is the only inorganic frastiom responsible for exchange
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TARLE 21,
¥ K,0 ARD MgO CONTENF OF ILLITE,
Clay ¥inerals present. | % KX,0 % ¥go %K % Mg in
Fumiber. oy 4 tn the in® 'fgo %
cosbine~-| oorbina-{ 100 % Illite.
m; ‘ﬁ.& miteo
15453 Tiiite + Keolin boSiy 1.41 6.48 2,01
{70 3 30)
15171 I1lite + Kaolin 3,67 1,22 6.14 2,03
{60 : 40)
5178 | Illite # Kaclin ) 2.56 0.49 6,40 1.22
(50 : 50) )
Quarts - 208 )
15179 | Illite + Kaolin 2.55 0.61 6.37 1452
{40 : 60)
15180 | Tiiite + Kaolin 1.98 0ub5 6.60 1.50
(30 : 70)

% Expressed on Ignited clay.

Kze - was Jetermined by precipitating as Codaltintitrits and +itrating

with m# as usual,

Kg0 - was determined gravimetrically precipitating ss B-hydroxyquinolate.
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reaction vhich certainly is cpen to question, To quote Kslley (1948 pp.26),
"¥hen examined wore olosely, it becomes apperent that catiom zxchunge is a
preparty not peculiar to the cclloidal state z: such, but %o cartein kinds of
surfaces. Surfaces showing this property may or may not be ultramicroscopic
or microscopic in dimensions, in fact particie sise as such is no indication
of oation-exchange property”.  EKelley (loc. cit. pp.67) further writes -
"The silt and fine sand fractions of certain soils possess nolable cation~
exchange power®. Thus in the foce of all these arguments it certainly is

a far ory to amsign the exchange capacity of the incrganic frastion to the
clay alone, And as such the ocmputed capacity for the clay fraction would
present & bit too high a datun for the relevant nineral,

But in gpite of all thess limitations, 2 capasity of 52 m.e. % for the
clay fraction of the Rendzina soils stuiied seems quite a significant value to
spoak sawthing about the 1llites of soil horiszing, because the clay fraciioms
of the Xendisine scils (Black Esrihs) are compossd mainly of $1lite with a
1ittle kaolinite, The presemve of & little kaolin in the clay under refer-
ence would temd to reduce the value snd depress it a bii helow 50 (assigning
8 value of 50 m.e. % to 111lite), but the supposed contribution due to the
arbitrerily-earmarked cosrser fractions, which have entered into the computs-
tions to give a higher value both for the clay and organic matter (because
the total exchange ocapaciiy which is supposed to be dues to organic matter +
clay + zilt end fine sand to zone extent, has been allotted to clay and
organic matter only, depriving ihe coarser frsctions although their contri-
bution is swpposed to be there, however little or great it msy be), would

be expected o eventually make up the depressicn due to the little kaolin,
Thus, aa far as the cxchange sspacity «f illite from soll horizon in the
present ctudy is conosxned, it seens reagomedla to contribuie to :&&enh:nd
associates (loo. oit.) who assipned & walue of 50 m.,e, % rather than : value
of 20-40 m.®, % due to Grim and associates {lcc. cit.). Here again the
ssgumption is that the ¢ontribution due o the coaxrser fractions of soll in
the sxchange cepacity is not very grsat - not greater than 10 m.e. % anyway,
becsuse the kaolin content,even if it amounts tc 10¥ in the clay,would not
drop the capecity below 46 m.e, & (assuming of ocurse a value of 50 m.e. %
to 100% 11lite]), and hence the veinfoaroement due to the ccamser fractions
would not be expected to be very high to nullify ihe depression due to the
kaolin,

If however, the capacity of the 11lite under reference be not 50 m.2, %,
the cther slternative is 20-h0 m.e, &% due to Grim and asscoiates (loc. oit.).
Considering the meximm walue, i.0. 40 m.2. 7 dus to the above euthors, the
coarser fractions will have to wske up for (12 4 the depression due to the
kaolin and consequent fall in i11ite conient), i.8. about 15 m.e. ¥ to raise
the capacity to 52. Although a forecast is impossible to make, it nonethe-
less seems vory doubtful that the coarser fractioms would contribute that
much to the capacity. Secondly, the orgsnic matter 2lso has to reoceive
some part of the suppossi contributioh due to the ailt and fine sand fractions
&s demanded by calculation., That would mean that the sctual contribution
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due io the pomrser fraction would be a value much higher then 15 m.e. % which
is very hard to reconcile, at lsast in the absense of any evidemce suyway.

Again ounsidering the cass of P 1/5 (The Selod), wherein the overall
camposition of the olay miner:ls may de roughly regarded as Illite :
Zaolinite = 40 : 60 (Table 19), the cetion emshange vapacity which is also
an overall compulation was fourd to be 34 m.e, % (Table 13). Arguing
exactly in the sime way as above, it sesms reasonsdble to assign & value of
50 m.0. % as cation oxchange capacity to illites under the present study,
theredy ocutribuiing to Endell snd associates {loc. oit.).

Thos it may be sald that the 1llite in the present investigution seems
to hint at a value of 50 m.e. ¥ to be assigned o her and therzby comtribu-
ting to the proposition of Fndell and associates (loo. cit.). Hothing more
definite covld pessibly be seid about 11lite prozent in clay minerals of
soil horisons il such time 25 some more reports dealing with clay minerals
of soll horizomns gt into publicetion.

The graphiosl illustration of the K,0 content Vs Illite content {Fig.21)
shows a pretty guod linesr fitting, indicating thereby the reliability of
Xoray snalysis from quantitative point of view also.

To mum up it may be sald that:

(a) The Illites under the present study quite satisfactorily eonform
to the 11lites of Grim and associates (loc. cit.) in so far as their
chemical corposition, i.0. the 1120 content (which is distimotivily oritioal
for illite) m&ﬁiﬂ)g 3 ﬁzojmm,‘hichisamﬂfmm, are
conoerned.

(b} The cation-exchangs-capacity walue of Illites as far as the
present study is concsrmed seems to agree with that due to Endell and sasoc-
jates (loc. cit.) (50 m.e. ¥) more favoursbly then that dueo to Orim and
associates {los. cit.) (20-40 m.2, j5), although based on comserwative
arguments.

(c) The chsexrwvation wnder (t) is quite subject to criticianm Decause of
the fact that (1) nothing is as yot kmowm regarding the quantitstive oomtri-
bution towards exohange capaoity of soils due to 3ilt and fine ssnd, snd as
soch the argunents ere rather presumpiuous;

(41) the X-rsy studies on the quantitative proportions of
111ite and kaolinite may o msy not be exactly correct although the K,0 data
do show that as far as illiies are conoerned the reports are quite reliable
within ressonable limits of error.

(d) The present study is just a pebdle in an attempt to bridge the
gap rolating to syslematic studies on the olay minerals of soil horizons snd
no more dafinite a statement, eapeoially with regard to exchange capacity. is
thus possible in this line $ill such time as further works are carried out
with clay fractions from s0il horisons as such,
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