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PRESIDENT'S LETTER
I am delighted to be able to tell you that the Society has just
received from the President of the 9th International Congress of Soil
Science, Dr. E.G. Hallsworth, a grant of $3,000 from surplus funds of
the Congress to form the nucleus of a fund for the publication of
monographs in soil science. With the grants the Society accepts the
responsibility of paying any outstanding Congress accounts, but none
are expected.
The significance of this generous gift goes beyond the substantial
contribution it makes to the anticipated cost of a monograph and the
advantage it gives the Society in negotiating further financial support.
Perhaps more importantly it recognises the part played by our members in
the success of the Congress and is a measure of the confidence of the
Organizing and Finance Committees of the 9th Congress in our ability to
carry the monograph project. I am very pleased to have this opportunity
of acknowledging the gift on behalf of the Australian Society of Soil
Science and of thanking the members of the Committees of Congress for it
and their confidence.
The importance of several projects currently being considered by
Council prompts a little pious exhortation - to urge you to play as active
a part as possible in the affairs of the Society.
It is, I am sure, essential that decisions on all major projects should
have the support of a majority of branches, and desirable that they should
reflect the wishes of the majority of members. This is possible only if
you participate in branch discussions and decisions. Otherwise these decisions
must be made by the branch committees and may change with the membership of
a committee at the end of its term. The complication this could cause is
obvious when consideration of a proposal extends beyond the term of one
committee and especially where the period of office of branch committees is
out of step with the biennial term of Federal Council.
Such proposals as that to appoint a Standing Committee on the Terminology
of Soil Science would commit the Society for many years and involve some
members in much voluntary work. Think about them, discuss them, and make
known your views so that the decisions finally taken may truly reflect the
needs and wishes of members.

G.D. HUBBLE
PRESIDENT

Brisbane
21/11/69
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FEDERAL COUNCIL NOTES
Meetings of Federal Council were held in Brisbane in July and October,
1969. Many items were considered at each meeting and several important
resolutions passed.
Monograph Proposal
Decisions regarding this proposal have been made. It was resolved that
Federal Council prepare a Monograph on the general subject "Soils of the
Australian wheat lands and soil factors in wheat production." A Monograph
Committee was appointed to plan this Monograph in terms of
(1)

Finance - including estimate of cost of the preparation
of proposals for the soliciting of financial support.

(2)

Type of format and estimated publication run.

(3)

Development of a broad outline of the proposed contents
as a basis of support for the project.

(4)

Recommended editorial arrangements.

Considerable discussion ensued on the size and possible location of
this committee. Eventually it was decided that a small three-man committee
located in one centre with power to co-opt would be most satisfactory. A
committee comprising G.D. Hubble, J.S. Russell and J.K. Leslie, was appointed.
The Committee lias already had a number of meetings. It is hoped that
substantial progress in arrangements can be made before Federal Council moves
to Melbourne in mid-1970.
Student Prize
A sub-committee of Federal Council comprising W.E. Fox, S.A. Waring and
G.B. Stirk, advised Council concerning the conditions of award. Following the
report of this sub-committee and its consideration by the Branches, it was
resolved that a student prize of $100 would be awarded biennially within the
term of each Federal Council. The prize would be for an essay of not more than
2,500 words on a topic or topics selected by Federal Council.
The sub-committee recommended that any student at a tertiary educational
institution who has not taken a first degree or diploma be eligible. However,
in view of the changing status of some institutions, the precise definition of
eligibility has been referred back to the sub-committee for further consideration.
There was also some divergence of opinion concerning topic. The subcommittee proposed that one topic only should be given. This topic should be
of a broad nature to allow maximum use of students' imagination. Following
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comments from some Branches, this matter has also been referred back to
the sub-committee.
The prize will probably be known as "The Australian Soil Science
Society Prize".
Proposed Standing Committee on Pedological Terminology and Nomenclature
A sub-committee of Federal Council comprising C.ll. Thompson,
F. Chippendale and W.T. Ward, has looked into this matter and submitted its
report. This is currently before the Branches for their consideration.
Main recommendations of the sub-committee were as follows:That a Standing Committee on Terminology in Soil Science
be appointed with the following terms of reference:
(a)

To prepare (by stages) a glossary of soil
science terms in use in Australia;

(b)

To maintain a register of new terms and definitions;

(c)

To advise Australian workers on terminology;

(d)

To foster reviews of the use of soil science terms,
improve definitions and recommend usage.

Reference Soil Sites
The proposal was made that Federal Council should concern itself with
the need for reserving virgin areas of important soil groups. It was pointed
out that, even in Queensland, important groups such as the Waco clay on the
Darling Downs were being cleared and cultivated rapidly and that in a few
years it would be impossible to find even small, untouched areas.
A sub-committee of Federal Council comprising A.W. Moore and C.ll. Thompson,
was formed to look into this question, and its report is currently with the
Branches for their consideration.
The sub-committee considers that there is a need to reserve reference
soil sites now, for future studies in soil systematics and taxonomy, for
demonstration and educational purposes, to provide a continuing source of
reference samples to test changing laboratory techniques, and to illustrate
particular soil phenomena. It feels that the establishment of reference
sites is a practical objective within the capability of the Society.
Recommendations of the sub-committee include:(1)

The formation of a Federal Standing Committee for
Soil Reserves to
(a)

establish guidelines for negotiation with State
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Government Departments for access to a small
part of existing reserves for use as reference
soil sites;
(b)

to consider a joint approach with other societies,
University Departments, Departments of Agriculture
or Primary Industries, and C.S.I.R.O., to State
Governments for the establishment of multipurpose
scientific areas in which soil reference sites
could be obtained.

(2)

That A.S.S.S. Branches be encouraged to set up local
Standing Committees to select suitable areas for reference
soil sites within existing reserves in their State, and to
develop arguments why soil scientists need access to these.

(3)

That the Society pledge its support to conservation bodies
throughout the Commonwealth to assist in having further
areas gazetted as reserves, national parks, etc.

Set of Standard Soils
The question of the Society being involved in the collection, handling
and storage of standard soil samples was raised. However, it was pointed
out that the Society had no power or facilities to organize a service of
reference soil samples and that requests for material of this kind be
referred to C.S.I.R.O. Division of Soils or the appropriate State body.
Register of Vacant Soil Science Positions
The proposal has been made that the Society appoint a Registrar to
maintain for the information of members a record of vacant positions in
soil science and that this record be continued as a basis for analysis of
employment opportunities in soil science. Personal enquiries would be
treated as confidential.
There is a precedent for such a position in that a Keeper of the
Repository (at present Mr. B.E. Butler of Canberra) handles the Society's
publications and keeps stocks of reprints etc. This position does not change
with Federal Council and a Registrar of vacant positions could be appointed
on a similar basis.
This matter is still before Federal Council.
International Sub-Commission on Salt-affected Soils
Mr. J.K.M. Skene attended the meeting of this Sub-Commission in Yerevan,
Armenia, in May this year. He submitted to Federal Council a number of
documents from this meeting.
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One item of interest is the appointment of a small correlating
committee under Dr. Szabolcs to bring together the various continental
maps of salt-affected soils. Further Australian data has been forwarded,
in addition to the maps already presented.
Fostering Student Membership
The need to foster student membership of the Society was raised.
However, to include a class of student members would involve changing the
constitution.
Federal Council decided to take no action of this nature at the
present time. It felt that student membership could be most satisfactorily
fostered at Branch level. Secretaries could inform student groups either
by letter or through University members that they are welcome at meetings,
functions and excursions. Branches could also consider subsidizing students
on excursions and other functions. Initiatives in this matter were largely
a matter for local Branches.
Change in By-Laws
An additional By-Law (No. 26) was passed, making it possible for
"Soils News" to be posted at concession rates.

J.S. RUSSELL
HONORARY SECRETARY

NOTICE TO MEMBERS
French and German papers presented at the 9th International Soil
Science Congress have been translated into English. Copies are available
on loan from the Library, C.S.I.R.O., Division of Soils, Private Bag No. 1,
Glen Osmond, South Australia, 5064.
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MEMBERSHIP CHANGES
New members
Mr. J. Crosby, P.O. Box 622, Leeton, N.S.W. 2705.
Mr. P. Webster, Food Laboratories, Owen Street, Carlton, Vic. 3053.
Dr. A.M. Alston, Agronomy Dept., Waite Agric. Res. Inst.,
Glen Osmond, S.A. 5064.
Mr. A.P. Meissner, Dept. of A g r i c , Northfield Labs., Adelaide, S.A.
Mr. M. Skinner, C.S.I.R.O. Division of Soils, Glen Osmond, S.A. 5064.
Transfers
Mr. T.D. Kentish, Vic. to S.A. P.O. Box 113, Kalangadoo, S.A. 5278.
Mr. R. Wreczycki, Qld. to Riverina. Agric. Res. Inst., Wagga Wagga,
N.S.W. 2650.
Dr. R.J. Gilkes, Qld. to W.A. Dept. of Soil Science, University of
W.A., Ned lands, W.A. 6009.
Resignations
Mr. V.C. Williams, N.S.W. Branch
Mr. G.H. Knowles, N.S.W. Branch
Dr. G. Skying, Qld. Branch
Mr. J.C. Wall brink, Vic. Branch
Mrs. 11. Patterson, Riverina Branch
Mr. W.J. Cox, W.A. Branch
Mr. R.W.L. Limber, S.A. Branch
Mr. M.R. Till, S.A. Branch
Dr. D.S. Riceman, S.A. Branch
Dr. J.W. Kijne, S.A. Branch
Mr. G.A. Mclntyre, A.C.T. Branch
Dr. E.W. Radoslovich, S.A. Branch
Overseas membership
Fourteen members have been transferred to the category of overseas
membership, under which they become the responsibility of Federal Council,
and are not directly associated with any particular Branch. These members
are widespread geographically:
U.S.A.
Canada
Terr. Papua and New Guinea
New Zealand
England
South Africa

2
2
4
1
2
3

AUSTRALIAN SOCIETY OF SOIL SCIENCE
Financial Statement 1.7.68 to 30.6.69.

Bank balance 1.7.68
Balance Adelaide Petty Cash
Bank Interest - Adelaide
Brisbane
,S,,S. 1969-1970 subs. 4 @ 2,.00
A • S.
1968-1969 subs. 357 @ 2.,00
1967-1968 subs. 51 @ 2.,00
1966-1967 subs. 3 @ 2,.00
Arrears and misc. subs,
2 @ 1,.10
A .J.,S,.R. Vol. 8
1 @ 1,,20
124 @ 1..10
Vol. 7
3 @ 1,.10
Vol. 6
Back numbers
S;lie of Publications
1 @ 2 .00
I .S..S .S. * 1970 subs.
173 @ 2 .00
1969 subs.
24 @ 2 .00
1968 subs.
I .S..S .S. Congress Reception @ 2 .50
300 tickets

1508.59
12.90
24.54
17.48
8.00
714.00
102.00
6.00
11. 65
2, 20
1, 20
136.40
3, 30
24, 20
37.00
2.00
346.00
48.00
750.00

Stationery
101.51
Printing - Soils News No. 24
215.00
No. 25
159.85
Membership Lists
112.70
Academic Training Report
Additional Copies
61.34
Postages and Air Freight
77.65
Petty Cash
1.40
Clerical Assistance
19.02
Transfer 180 subs, to I.S.S.S.
326.79
A.J.S.R. 135 copies Vol. 7
135.00
Back numbers 92 @ 0.50
46.00
Reception I.S.S.S. Congress Hotel Australia
1650.00
Hire Projector
10.00
Stamps
3.00 1663.00
Transfer Qld. Sub. a/c R. Johns
.50
Balance - Bank
832.85
Less unpresented
cheque
6.50
826.35
Petty cash and stamps
9.35
835.70
53755.46

Includes 12 subs, not yet transferred, and 6
which had been transferred before 1.7.66.

The Society has on hand 88 copies of back numbers of
A.J.S.R., representing an investment of $44.00.

An examination of the books of account of the Australian Society of Soil Science
was made on 30th June, 1969, and the financial position as shown above was verified.
J.TJ. Hughes ) ..
. ,. .
^ T . °
; Hon. Auditors
C.J.
Asher )

I.F. FERGUS
HON. TREASURER.
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PERSONAL NOTES
Queensland Branch: Dr. A.W. Moore is at present in Rome studying
methods of land utilisation assessment with the Soil Resources and Survey
Branch of F.A.O. Mr. J.E. Coaldrake recently spent sixteen days visiting
Botanical and Agricultural Institutes in Leningrad, with a particular
interest in arranging exchange of seeds of pasture legumes from the Southeast provinces of the U.S.S.R. Dr. R.E. White has accepted a senior
lectureship in the Botany Department of the University of Witwatersrand.
Mr. I.W. Vail is has been awarded the degree of Doctor of Philosophy by the
University of Queensland for his thesis entitled "The measurement of gains
and losses of nitrogen in grazed pastures". Mr. R.E. Prebble has recently
returned from a 15 month period with the Physics Department, Rothamsted
Experimental Station, where he studied soil moisture measurement by a
nuclear magnetic resonance technique, transfer of water vapour through soil
due to pressure fluctuations at the surface, and the effects of smeared soil
surfaces on root penetration. Mr. B.J. Crack has been appointed Senior Soil
Technologist with the Department of Primary Industries, Brisbane. Mr. A.
Hegarty returned recently from Kenya, where he has been studying the improvement of dry land pastures. Mr. P.M. Chalk has left for the University of
Wisconsin to study the reactions of nitrogen fertilizers in soils, under the
direction of Dr. D.R. Keeney. Mr. G.R. Swartz has recently returned from the
U.S.A. where he visited several research establishments and attended the
International Conference on Mechanised Dry Land Farming. The staff of the
University of Queensland Department of Agriculture have taken up residence
in a new building on the western side of the University campus.
Western Australian Branch: Dr. M.J. Mulcahy, O.I.C. of the W.A. Regional
Laboratory C.S.I.R.O., is leaving in November, 1969, for a visit to Oxford. He
will be working with Dr. P.H.T. Beckett and Dr. R. Webster on the application
of numerical techniques to field studies of soils and soil variation.
Dr. Mulcahy will return in August, 1970. Visiting the W.A.R. Laboratory
C.S.I.R.O., is Mr. C.K. Subramanian, who is a Colombo Plan fellow from the
Department of Agriculture, Bangalore in Mysore State, India. Since his arrival
in August, Mr. Subramanian has visited Carnarvon and Kununurra irrigation areas.
He is at present studying soil salinity, fertility and conservation in the
Brookton area and plans to visit the irrigation areas in the South-west before
his departure for the Eastern States in January, 1970. Professor J.P. Quirk
and his colleagues Dr. A.M. Posner and Dr. R.J. Gilkes of the Department of
Soil Science and Plant Nutrition, Institute of Agriculture, University of
Western Australia, have recently received $21,000 from the Australian Research
Grants Committee for an electron probe microanalysis attachment for the electron
microscope. A recent visitor to the Department of Soil Science was Dr. D.A. Rose,
a Queen Elizabeth research fellow from Rothamsted who is at present with the
Division of Land Research and Regional Survey. Dr. Rose's interests are in the
fields of water and ion movement in soils and while in Perth he presented talks
entitled, "Movement of water in soils" and "Dispersion of solutes in porous
media". Mr. T.C. Stoneman of the Western Australian Department of Agriculture
attended a work study group on irrigated soils held by C.S.I.R.O. Division of
Soils from 8th to 10th October. Mr. J.E. Watson recently attended the Standing
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Committee on Soil Conservation which was held in Adelaide. In December
Mr. R.N. Clencross will present a paper on the residual values of fertilizer
copper and cobalt at a seminar being held in Melbourne by the Australian
Dairy Produce Board.
Victorian Branch: Mr. R.G. Downes, Chairman of the Soil Conservation
Authority spent four weeks last August in U.S.A., Europe and Middle East.
In U.S.A. he spoke on "Principles of Soil Conservation in Dryland Farming"
at the International Conference on Mechanised Dryland Farming, organised by
the John Deere Company and F.A.O. at Moline, Illinois, and Grand Rapids,
Montana. In Washington, Mr. Downes led a seminar on Soil and Water
Conservation with senior officers of the U.S. Soil Conservation Service. He
found a greater emphasis now placed on environmental conservation and resource
development than erosion control. In Israel he visited the Shikma dryland
farming project, where a promising future for medic pastures is being
demonstrated. Dr. G.P. Briner is on sabbatical leave from the University of
Melbourne. He attended the 3rd International Clay Conference in September in
Tokyo and moved thence to Israel where he will spend several months at the
Negev Institute for Arid Zone Research. Mr. R.K. Rowe of the Soil Conservation
Authority visited South Korea in August and September to advise the Government
on appraisal of forested land in mountainous areas.
South Australian Branch: Mr. P.G. Brisbane has taken a temporary appointment as Acting Principal of Hango Agricultural College, Tonga, for six months
until the permanent appointee is available. Dr. D.A. Farrell has left C.S.I.R.O.
Soils Division, to accept an appointment with the U.S.D.A. at St. Paul, Minnesota,
U.S.A. Mr. M. Raupach has recently returned from an overseas trip to attend the
International Clay Conference in Tokyo; he also attended the International Union
of Applied Chemistry and Co-ordination Conference in Sydney. Mr. G.P. Bowen
has been awarded a Nuffield Grant to study ion uptake by micro-organisms with
Dr. MacRobbie at the University of Cambridge. Dr. T.R. Sweatman has returned to
the Mineralogy Section, C.S.I.R.O. Soils Division, after spending some months
in Malaysia and 3 years at Cambridge University, England. Dr. R.J. Swaby has
recently returned from North Queensland where he has been selecting sites for
"Biosuper" trials with Townsville Stylo.
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BRANCH ACTIVITIES
Queensland Branch: At the June meeting Professor G.R. McKay stimulated
considerable discussion with an address entitled "Queensland Cannot Afford
its Present Level of Pure Research". At the Annual General Meeting in July5
Mr. G.B. Stirk delivered his Presidential Address "Physical Description of
the Plant Root Environment". The incoming Branch Committee has decided that
the theme for speakers during the current year will be "Soil Science and its
Relation to Crops, Pastures, Engineering and Soil Conservation. Dr. L.R.
Humphreys delivered the first of this series at the October meeting entitling
his talk "Some Problems of Soil-Plant-Animal Relations".
N.S.W. Branch: At the Annual General Meeting Professor Collis-George
gave his Presidential Address on "The Department of Soil Science, Sydney
University". At a recent meeting Professor J.A. Mabbutt gave a talk entitled
"Stone Pavements on Soils of the Australian Desert". A field excursion to
Cowra is planned for 13-14th November.
Western Australian Branch: In July Mr. W.M. McArthur presented a talk
entitled, "Pemberton Soils". The pattern of distribution of the main soil
types and some problems associated with their utilization for agriculture
were discussed. In October the Branch held an informal gathering for members
to meet Professor J. Dillon (University of Armidale), Drs. F.H.W. Morley,
J.E. Falk and E.G. ilallsworth, who were attending an interdivisional research
conference on "Interpretation of Response Curves".
A.C.T. Branch: The following lunch-time talks have been given: "The
Genesis of a Red-Brown Earth Profile" by J.R. Sleeman, "The Atlas of Australian
Soils" by K.H. Northcote, "Run-off and Soil-loss Studies at Ginninderra" by
A.B. Costin, "On the Relative Unimportance of Soil Parameters in Yield Prediction"
by H. Nix, "Soil Fertility Data and Root Performance" by L.K. Wiersum, "The
Relation Between Soil Composition and Phosphorus Test Values" by J.I). Donnelly.
At one lunch-time meeting the film "Soils of Australia" was shown. At a special
evening meeting with visitors from the Irrigated Soils Working Group, G.D. Hubble,
President of the A.S.S.S., talked for a short time on matters of the Society and
then B. Cockroft gave a talk on "Root Development in Irrigated Soils". The
annual field day of the A.C.T. Branch, held on October 23rd, was attended by
20 members and visitors. The highlight of the day was a visit to Krawaree,
an outstation of the Division of Plant Industry, where Mr. F.X. Dunin demonstrate.
his hydrological studies. These are aimed at a full statement of the water
balance, firstly of a native pasture and subsequently of improved pasture on a
small catchment. Native and improved pasture grazing trials were also discussed.
Several interesting soil-landscape features en route were pointed out by
Mr. R.H. Gunn and Dr. R. Galloway. These included contrasting soils, gradients
and vegetation on slopes of opposing aspect at Parker's Gap, relict sand dune
topgraphy bordering the Shoalhaven River, and a lateritic residual over basalt.
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Victorian Branch: Two meetings were held during the last six months.
The first at the Chemistry School, University of Melbourne, took the form
of a Symposium on "Educating the Soil Scientist". The Chairman was
Professor J.P. Quirk, University of Western Australia. Dr. G.D. Aitchison
spoke about academic requirements for workers in Soil Mechanics, Mr. J.K.M.
Skene in Pedology and Chemistry and Mr. W.J. Hosking in Extension and
Agronomy. The talks stimulated considerable discussion from the audience.
A summary of the points made by the speakers is included in this issue
of "Soils News".
The second meeting was held at La Trobe University.
spoke on "Some Misconceptions about Manganese in Soils".

Dr. N.C. Uren

13.
INVITED CONTRIBUTIONS

SOIL RESEARCH IN PAPUA-NEW GUINEA
At least three organisations in Papua-New Guinea are active in soil
research. These are the Department of Agriculture, Stock and Fisheries,
the Institute of Higher Technical Education at Lae, and the University
of Papua and New Guinea, Port Moresby.
The soils section of the Department of Agriculture, Stock and
Fisheries is contained in the Land Utilisation Branch of the Division of
Research and Surveys. The branch comprised the soil survey section of the
former Plant Industry Division and the newly formed Soil Physics section.
The branch is responsible for technical advice on land utilisation throughout
the Territory.
The Soil survey section under the Principal Pedologist is responsible
for routine surveys, the production of soils maps, soil correlating and the
production of land utilisation maps. The surveys range from reconnaissance
to detailed for land usage, experimental plots and drainage work. Current
investigations include trials on peat in the Western Highlands, a study of
the flooded and base saturated alluvial soils of the Ramu river in the Madang
District, and surveys for land usage on the volcanic ash soils of the Nakanai
coast in the New Britain District. The section consists of five professional
and five sub-professional officers including an indigenous diplomate from
Vudal College. The drafting sector has been expanded with the acquisition of
a Senior Drafting Officer and an illustrator. This will be expanded with
graduating draftsmen from the Forestry Technical College at Bulolo.
The Soils Physics section is in the process of establishment and in the
current year the acquisition of some $25,000 worth of equipment which includes
inter alia D.T.A. equipment, polarisation microscopes and pressure membrane
apparatus. These will provide a valuable adjunct to the routine soils mapping
with detailed investigations of the solid and moisture components of the soil.
Little work has been done on soil-water relationships under high rainfall regions
and this deserves more attention than previously given. Further emphasis will be
placed on the nature of the clay content of the Pleistocene soils in the Highlands
areas. Once the facilities are provided, the section should expand to provide
valuable research information currently not available.
The Institute of Higher Technical Education at Lae is currently developing
a testing laboratory to study engineering properties of soils.
At the University of Papua and New Guinea, soil research is being undertaken
by the Departments of Geography, Chemistry and Earth Science and Physics.
The Department of Geography is studying soils found on depositional surfaces
in the Kokoda Valley, Northern District, Papua. The soils are developed from
volcanic ash, and river alluvium. The alluvium is variable, some of it being
mixed with volcanic ash. The main differences in these soils appears to be
related to (a) the age of the soil, and (b) the relative amount of volcanic ash
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present. These differences are apparent both in the gross morphology of
the soils as described in the field, and in the micromorphology of the
soils as studied in thin section.
Soils formed on volcanic ash are deeper (and older) and have a larger
percentage of clay sized material in them. The isotropic nature of their
plasmic structures in thin section is distinctive. Alluvial soils are much
coarser grained, and shallow. Their plasmic structures exhibit increasing
birefringence with decreasing amounts of volcanic ash.
An associated problem is the recognition of paleosols in the volcanic
ash. In the field, compacted horizons at depths of more than two metres were
noted which showed root channels and distinct aggregation, although no dark
colouration was observed. In thin section these horizons exhibit the
characteristics of illuvial B horizons. As yet, however, they have not
definitely been recognised as paleosols.
The Department of Chemistry is interested in the nutrition of cocoa in
relation to the occurrence of "dieback" disease. Soil and leaf analyses have
been made. Preliminary results suggest that imbalances in nutrients may be
a predisposing condition to "dieback" disease.
A second interesting soil and soil fertility study was made in an area
occupied by Kukukuku peoples. These people have a system of soil classification
based on productivity which correlated well with the soil analysis. Such
studies are tentatively described as ethno-soil science.
The Department is also starting a soil fertility depletion and rejuvenation
trial on dark working clays in 1970. Work will also commence on the interaction
between organic matter and the clay mineral allophane in soils derived from
volcanic ash.
The Department of Physics is studying the simultaneous movement of water
and salt in soil. Crystalline fertilizer salts in soil cause vapour pressure
gradients and so water movement.
The rates at which fertilizers dissolve in dry soils is strongly dependent
on the water movement to the salt. This effect is being studied experimentally
and theoretically as an understanding of the processes involved will be useful
in considering the form and positioning of fertilizer applications.

P.P. DROVER
Univ. of Papua and N.G.
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NOTES ON A VISIT TO THE UNITED KINGDOM
The following observations were recorded during a 15-month period
at the Physics Department, Rothamsted Experimental Station.
The Physics Department is concerned with measurements of the plant
environment, both above and below ground. Determinations are made of the
photosynthetic response curves of leaves from different levels in the
canopy, and the effect on photosynthesis and transpiration of leaves after
the application of silicones. This treatment resulted in a relatively
greater rate of decrease of photosynthesis than transpiration. Work on
mesophyll and stomatal resistance of single leaves in relation to
assimilation and transpiration is carried out in the laboratory using leaf
chambers, but later will be extended to the field where part of a crop will
be covered by a plastic tent.
Solar radiometers and sensors for temperature and wind movement are
constructed to determine the microclimate within and above the crop. In
addition to the usual components of the radiation balance, determinations
are being made of the energy present in different wavelength bands. Small
cup and vane anemometers, outside turning diameter 105 mm, starting speed
4 cm s e c , have been developed to detect horizontal and vertical air
movements in the crop. The eddy transfer coefficient for CO is calculated
from profiles of nitrous oxide developed in and above the crop as a result
of the release of a known flux of nitrous oxide from an array of tubes on
the soil surface. An infra-red gas analyser is used to measure the
concentration of nitrous oxide.
Improvements have been made to a Peltier effect psychrometer which can
automatically record measurements on 50 samples. Fine thermocouple junctions
are made by butt welding wire, 0.025 mm diameter.
This year large fibre-glass tanks containing soil have been installed
at Rothamsted for respiration studies. Plants will be grown in some tanks,
others will be left bare to obtain comparisons of 0 consumption. At Woburn
Farm measurements of changes in soil physical properties induced by tillage
will be commenced next year.
Some interesting developments were noted during visits to other
laboratories. At the Institute of Hydrology, Wallingford, commercial models
of the Wallingford neutron moisture meter are being tested. The stainless
steel probe differs from others in that it contains the EHT generation, pulse
shaping and discrimination circuitry. This avoids locating the EHT lead in
the connecting cable, a practice which has often caused trouble in other meters.
The neutron moisture meter constructed in the Physics Department, Rothamsted,
has a probe which contains only a source and detector, amplification being
carried out after the voltage pulse has passed along a low-loss cable. This
was done to prevent neutron radiation damage to electronic components normally
present in the probe.- At Wallingford, a soil capacitance method is in use to
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determine the moisture content of surface soil where the neutron meter
does not give accurate results.
In the Radiobiological Laboratory,
produced for measuring soil water using
held in absorbent nylon pads in contact
unaffected by salts present in the soil
narrow zones.

Wantage, an instrument has been
the attenuation of B-rays by water
with the soil. This method is
water and allows resolution over

The Weed Research Organization, Kidlington, has commenced an experiment
for assessing the effects of cultivation treatments on soil physical
conditions and plant growth. Concrete tracks, 9 ft. apart, have been laid
down so that tractors can move without sinking into the soil. This will
allow strict depth control of implements. There will be 3 treatments;
direct drilling, shallow (2-3 ins.) and deep (7-S ins.) cultivation.
Measurements will include soil physical properties likely to affect plant
growth, root studies by radioactive tracers, and plant growth.

R.E. PREBBLE
C.S.I.R.O. Division of Soils,
Brisbane, Queensland.
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SALT-LAND RECLAMATION IN THE ARMENIAN SSR
Soil salinity in Armenia is confined to the productive Ararat
Plain. This plain stretches for 120 km along the Arax River at the
Turkish border and varies from 20 to 25 km in width. The Armenian
part consists of about 100,000 ha of which 30,000 ha are said to be
alkali soils affected by sodium carbonate. It varies from 800 to 1,000
o
o
m above sea level. Temperatures range from -32 C in January to 41 C in
July-August. The annual mean is 13 C. Mean annual precipitation is
200 mm, /E 0.25-0.31 and potential evapotranspiration is 1,100 mm.
Simply stated, the landsurface consists of 5-20 m of Quaternary
fluviatile-lacustrine deposits resting on lake-bed clays which in turn
overlie lavas. However, the hydrogeological situation is very complicated
because of the variability of the materials and the mineralisation of the
aquifers. The first aquifer lies above the lake-bed clay and maintains
the ground water at 0.5-2 m from the surface. A second aquifer is in the
lavas and is subartesian. Artesian water also exists in places.
Yeraskhahun Reclamation Station
Revitalised when taken over by the Research Institute of Soil Research
and Agrochemistry, the Yeraskhahun Reclamation Station of 200 ha is the
centre of soil salinity research in Armenia.
In the virgin state, the ground surface is level with scattered mounds
of friable soil - a gilgai manifestation. There is much powdery bare ground
showing efflorescences of salt. Originally a dense shrub vegetation of
Tamarix about 3 m high, with a ground flora of Suaeda and other halophytes,
covered the Station site.
The soils of the Station are classified mainly as alkaline sodic solonchaks,
with solonchak-solonetz minor components. Water soluble salts in the virgin
soils frequently exceed 1.0 per cent, in the top 50 cm. The ionic composition
of the soluble salts is mainly sodium, carbonate, chloride and sulphate, the
minor components being calcium, magnesium and bicarbonate. Carbonate is nearly
always a significant if not the dominant anion in the water soluble salts.
Alkalinity is high, the pH in water suspension exceeding 9.5 and ranging as
high as 10.4. Exchangeable sodium comprises 40-80% of the total exchangeable
metal ions. Drainage through the soil profile is obviously good down to the
watertable.
Early investigations were with gypsum and gypsiferous soil as amendments
and industrial by-products such as calcium metasilicate, iron sulphate and
sulphuric and hydrochloric acids. The leaching methods tested were decantation,
and leaching in conjunction with mole drains and open horizontal drains.
Reclamation Using Sulphuric Acid
During the last ten years reclamation research has centred around vertical
drainage to control the watertable, and the use of waste 90% sulphuric acid as
a soil amendment. The acid is brought in tankers from the oil refineries at
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Batum. The groundwater is pumped from wells 60 m deep by pumps submerged
at 30 m. The radius of the depression cone of the watertable is 300 m.
The pumps have a capacity of 60 1/sec (48,000 gall/hr). Lateral drainage
is into drains 2.5 m deep at approximately 200 m spacing.
The soil profile is described as a cinnamonic grey light or heavy loam,
friable and becoming fine sandy between 50 and 100 cm. The profile is
uniformly finely-calcareous, containing 10-12% CaC0„ and 2-4% MgCO .
The sequence of operations for amelioration is:1.
2.
3.
4.

5.
6.

Clearing of vegetation, grading and ploughing.
Check banking the leaching ponds.
Slitting (subsoiling) to a depth depending on the crops subsequently
to be grown. Commonly the depth is 40-80 cm.
Ponding with acid water. The amount of concentrated sulphuric
acid required to neutralise alkalinity and replace the toxic amounts
of exchangeable sodium to the depth subsoiled is calculated from soil
analyses. Half the calculated amount of acid is introduced from
adjacent storage tanks into the channel carrying the ponding water,
and mixed by a small water wheel. The amounts of acid and water are
controlled to give a 0.8-1.0% sulphuric acid solution.
Leachings with 20-30 cm irrigations every 7 days or so are continued
until soil analysis shows appreciable reduction in salts.
After the leached ponds are dry they are cultivated, levelled, check
banked, subsoiled and treated with the remainder of the acid. Leaching
irrigations are given until soluble salts as determined by soil analysis
are at a satisfactory level for sowing winter wheat or barley. Patches
of under-ameliorated soil that show up are treated individually as
described.

Lucerne is usually the second crop and after 4-5 years soluble salts
are low enough to establish vines, fruit trees and vegetables. However,
experiments are in progress to test the economics of earlier establishment
of the intensive crops.
An alternative method to acidification of deeply slitted soil is layer
by layer acidification. In this case amelioration is given first to the
0-25 cm layer, then the 25-30 cm, and finally the 50-75 cm. A special
3-based plough has been designed to enable the soil to be disturbed in each
of the three layers as required.
Extensive soil disturbance prior to adding the acid is essential. It was
found difficult to get the acid into the soil until machines were developed
capable of deep slitting and soil inversion.
The amount of concentrated sulphuric acid required to ameliorate the
soil to a depth of 60-80 cm is 80-100 tons/ha, but heavy textured alkaline
sodic soils may require up to 150 tons/ha.

19.

Amelioration with Ferrous Sulphate
A waste product of the mining-chemical industry containing about 55%
of ferrous sulphate is being used widely as a soil ameliorant. The land
is prepared as for sulphuric acid acidification and the material is spread
as a layer about 15 cm thick; it is then ploughed deeply into the soil and
the leaching irrigations given. The method is useful for treatment of salt
patches.
Reclamation Trust
Following success by the Research Institute of Soil Science and
Agrochemistry with chemical amelioration at the experimental level, the
Armenian Ministry of Reclamation and Water Economy formed a Reclamation
Trust with the responsibility of reclamation of the sodic lands of the Ararat
Plain. At present 6,000 ha are being reclaimed. This figure includes 1,950 ha
in process of desalinisation and 560 ha which has been passed over to state and
collective farms as reclaimed for agricultural utilisation. Much of the land
being reclaimed is under winter wheat and lucerne, but some is giving high
yields of vegetables, melons and fodder grasses.
Vertical Drainage
Ground water studies in relation to reclamation of salt-affected soils
are being carried out by the Research Institute for Water Problems and Hydraulic
Engineering on a test area of 2,000 ha. Fifteen wells 35-60 metres deep and
0.4 m average diameter are functional and a further 10 wells have still to be
installed. Deep well pumps with a capacity of 40-60 litres/sec (32-48,000
gall/hr) are fitted. The wells are spaced at 700-800 m and, on the average,
one well lowers the water table by 2.2 m over 70-80 ha.
Changes in head and mineralisation of the ground water and salinity of the
soil are being followed over % of the test area. More intensive observations
are being made on three one hectare plots. The data is being used to compile
a water balance chart for the 2,000 ha area and to derive hydrogeological
parameters for vertical drainage design.
On one plot of 1 ha with the water table at 2 m, a combination of vertical
drainage and sulphuric acid leaching is being investigated using one well with
a range of 500 m. The soil to 1 m depth contains 0.5% TSS and the water pumped
1.4 g/1. Acidification with sulphuric acid and leaching is carried out as
described previously. Pumping is carried out at the same time. Leaching is
continued until TSS is below 0.15%, carbonate below 0.01%, bicarbonate below
0.06% and chloride below 0.02%. The experiments show that 90-120 tons of
sulphuric acid and 40-50,000 m° of water per hectare are required to remove
salts from one metre depth of soil. It is possible in 6 years to desalinise
the soil and reduce the mineralisation of the ground water to permissible
limits. The pumped water is returned to the irrigation supply system.
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Economics of Reclamation
Whilst the economics of reclamation probably have little meaning to
us, it is interesting to record some figures given. These are:(i)

(ii)
(iii)

Projecting, drainage, irrigation construction and
soil preparation for the application of chemical
amendments
A$l,360/ha.
Chemical amelioration and leaching

A$l,520/ha.

Sowing and cultivation expenses for winter wheat and
lucerne
A$530/ha.

Return on the total investment of A$5,400/ha is said to be A$550-400 over
the first three years of agricultural production. Subsequent]}', of course,
much higher returns can be expected as production increases and high return
crops take over.
J.K.M. SKHNli
Department of Agriculture
Yictoria.
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SUMMARIES OF TALKS
Educating the Soil Scientist
(A Symposium held by the Victorian Branch - 16th May, 1969.)
The symposium, held at the University of Melbourne, was opened by
Professor J. Quirk, who commented that this was a timely opportunity to
rethink the part that soil science plays in agricultural education.
Dr. G.D. Aitchison, C.S.I.R.O. Soil Mechanics, spoke on the relevance
of soil science in the field of soil mechanics. Soil mechanics is concerned
with the stress in earthern material, and the principal applications of this
subject are in the fields of civil and mining engineering.
Some time ago an attempt was made to foster the broader discipline of
earth science, in an effort to link engineering and agriculture, but this
failed to produce graduates well-versed in soil science. At the moment soil
science is considered adjunct to agriculture, whereas soil mechanics is
considered adjunct to engineering.
In educating the engineer, who generally attempts to reduce a complex
system such as soil to a simplified model, a rational approach is required,
and the course should be designed to help students to solve the problems that
will later be encountered. The lecturer should always be aware of the reality
of his information.
The soil scientist has generally failed to communicate with the engineer,
and the engineer has not defined sufficiently clearly what is required from
soil science.
Mr. W.J. Hosking, Senior Agristologist, Victorian Department of Agriculture,
discussed the soil science requirements in the field of agronomy extension.
The extension agronomist requires training in a broad knowledge of most
aspects of soil science and sufficient theory to enable him to read and
interpret research papers. However, the theory need not go deeper than is
necessary to understand some of the thinking behind the theories which concern
matters of practical interest in the field.
It is essential that training be given, not only in understanding, but in
recognising the important soil features. This means that more field excursions
are necessary where soil classification, physical and chemical characteristics
and relationships with plant growth can be demonstrated. Appreciation of the
complex interaction between soil, plant and environment is important. These
relationships should be drawn together in the soil science course, and not left
as a series of somewhat unrelated topics dealt with under separate disciplines.
A suggested field of study was discussed under the broad headings of soil
physics (including soil classification), soil chemistry (including clay
mineralogy), soil biology, and soil-plant-animal relationships. Mr. Hosking
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concluded that in University teaching more use should lie made of research
and advisory workers from the Department of Agriculture and perhaps elsewhere, as it is difficult to locate a single lecturer who can deal adequately
with all aspects of soil studies required and their integration with practical
agriculture.
Mr. J.K.M. Skene, Deputy Chief Chemist, Victorian Department of Agriculture,
examined tne fields of Government employment of soil scientists in Victoria,
and suggested that wc should enquire whether the present basic training in soil
science provided in Victorian Universities meets our overall requirements, and
if not, in what directions could it be improved. There are 55 Government
officers engaged wholly or parti)' within the field of soil science and of these
28 received some formal instruction in soil science as undergraduates.
In the field of pedology there are 11 graduates, some with no undergraduate instruction in pedology. The subject is only a small segment of the
agricultural science course, and hardly provides the basis for a career. Inservice training must be given, but provided the basic teaching in physics,
chemistry, and soil science lias been given, the agricultural graduate can
become an efficient pedologist. Further, his agricultural training is an
advantage in the application of pedology to land use. The present situation
is satisfactory, but stimulation of interest in pedology as a professional
career is needed.
Ten graduates, all qualified in agricultural science, are concerned with
soil physics. It lias been assumed that they have sufficient knowledge of
mathematics and soil physics to be let loose on soil physical studies, but
Mr. Skene questioned whether the present curriculum at Melbourne University
was adequate in this regard.
Five soil scientists are working directly on soil chemistry. Adequate
qualifications in chemistry are necessary, but the teaching of agricultural
chemistry at Melbourne University does not provide chemists who are qualified
in depth for soil research. The chemist needs to learn his soil science by
in-service training, and the agricultural science graduate by post-graduate
training. An immediate improvement in the teaching of soil physics and soil
chemistry could lead to the release of soil science from the agricultural
chemistry course and establish it as a discipline in its own right.
Five agricultural scientists are involved in Victoria on soil fertility
and one with soil microbiology. Here there is a variable component of chemical
knowledge which requires additional post-graduate training, either in-service,
or at the University. The basic qualification in agricultural science is
appropriate for this work, as it gives a background for plant nutrition etc.
In conclusion, it would appear that for some research fields, the soil
scientist is satisfactorily educated within the agricultural science course.
For most soil research activities he requires post-graduate training or
experience. The School of Agriculture is accepting external projects for
Master degrees, but to Mr. Skene, this doesn't always provide the research
training required. More direct contact with leaders who are experienced in
research thinking is needed. Perhaps tutorials could be considered as part of
the post-graduate course. The question is, do post-graduate facilities in
Melbourne University meet the needs of soil science? In Mr. Skene's opinion,
they do not.
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SOME MISCONCEPTIONS ABOUT'MANGANESE IN SOILS
(Talk by N.C. Uren, La Trobe University
to the Victorian Branch, 8th August, 1969.)
The chemistry of Mn in soils is dominated by the opposing reactions
of the microbial oxidation of divalent Mn and the reduction of hydrous
Mn oxides by soil organic matter. Both these reactions are proceeding
all the time independently of one another. The use of stoichiometric
equations to describe these reactions has led to some misconceptions
surrounding the chemistry of Mn in soils.
Most theories of Mn deficiency are based on the assumption that the
water-soluble and exchangeable forms of divalent Mn are the only available
forms of Mn in soils and that Mn oxides are not directly available to
plant roots. In other words, deficiency is a result of the incompetence
of soil processes to provide the plant with adequate supplies of watersoluble and exchangeable Mn, either because divalent Mn is not formed or
because the divalent Mn which is formed is short-lived. The inadequacies
of these theories were discussed.
The availability of Mn in soils can be represented by two extreme
situations: case A - where the Mn oxides are in direct contact with the
root surface, and case B - where the Mn oxides are remote from the root
surface. Contact (A) is the most efficient but it is relatively rarer
in occurrence than case B. In acid soils case B dominates the supply of
Mn and plants get their Mn quite easily by mass flow and/or diffusion; and
under these circumstances exchangeable Mn (including water-soluble) is a
reasonable indicator of availability. At soil pH's greater than about
6.5, exchangeable Mn is a poor indicator of availability, and it can be
inferred that case B has become inefficient and the plants must rely more
on contact for their Mn.
In soils of neutral pH a number of factors are likely to influence the
efficiency of the contact process: (i) the total reactive surface area of
the Mn oxides; (ii) the area of contact between the root surface and Mn
oxides, and here the morphology of the root and the soil structure will be
important; (iii) the reducing capacity of the area of the root in contact
with the Mn oxides; and (iv) the efficiency of both the transfer of the
reduced Mn from the oxide surface to the root surface and the subsequent
absorption by the root.

24.
SOILS OF THE PEMBERTON AREA
(Talk by Mr. W.M. McArthur to the VI.A. Branch, in JuJy.)
W.M. McArthur explained that the gross soil pattern is due to
dissection of the laterite profile but is greatly modified by nature of
the country rock. The rocks are gneissic but vary from almost pure
quartzite to basic gneiss.
This variation has two important consequences; the basic rocks are
predisposed to weather rapidly and so are associated with drainage lines;
the more quartzose rocks are more resistant to weathering and so form the
highest parts of the landscape. In addition, the basic rocks give rise to
red earths (Gn 2.15) and the quartzose rocks to humus podzols (Nc 2.3).
Between these extremes the parent rock is acid or intermediate gneiss and
the resulting soil varies accordingly. In those situations the soils are
yellow podzolics (Uy 5.62 and by 5.62) formed in mottled or pallid zones of
laterite.
On the seaward edge of the dissected laterite country is a series of beach
dunes; the innermost (and oldest) system consists of a plain of siliceous sand
with islands of the gneissic soils protruding. The main soils are peat}' humus
podzols (Uc 2.33). Next is a zone of dunes (Uc 2.21) with swampy interdune
flats (Uc 2.34). Finally, a zone of calcareous sand is associated with the
present shoreline (Uc 1.11). There is an isolated occurrence of shallow brown
or yellow sands over limestone at Pt d'Kntrecasteaux.

SCIENTIFIC ADVANCES FOR COMPREHENSIVE SOIL TESTING
(Talk given to Riverina Branch meeting, 26th June, 1969,
by J. Crosby, Agronomist, D.H.A. Rural Division, Lectori.)
Comprehensive soil testing has been undertaken by Austra1-Pacific
Fertilizers Limited Soil Testing Laboratory for the past one and a half years
on the Darling Downs, and more recently in other areas of Queensland and New
South Wales, including the Murrumbidgee and Coleambally Irrigation Areas.
Determination on soil samples include phosphorus (both acid and bicarbonate
extract), nitrate nitrogen, organic carbon, pH, conductivity, chloride, sodium,
potassium, magnesium, iron, manganese, calcium, copper and zinc.
Interpretation of results has been based largely on knowledge of
agricultural extension workers, together with gathering yield data of previous
seasons, rather than a large amount of research data. Already on the Darling
Downs it has been possible to accurately predict phosphorus and nitrogen requirements for crops including wheat, maize and sorghum. Areas of low wheat production
have been obtained from zinc readings, and geographical areas where low copper
levels can be anticipated have been delineated.
Soil test results, subsequent fertilizer usage, and ultimate yield levels
obtained are computerised and used to further refine interpretation on a district,
farm and particular paddock basis over a period of time. Results from current
research are also fed into the computer for assistance with interpretation of soil
test analysis.
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SOIL INCORPORATION OF HERBICIDES
(Talk given by D.J. Swain to the Riverina Branch, 26th June, 1969.)
Early in the development of soil applied herbicides, it was found
that some such as EPTC were lost rapidly by volatilisation from the soil
surface. Others were de-activated by photo decomposition. These factors
led to investigations into some forms of soil incorporation of herbicides.
Soil incorporation is essential with herbicides such as trifluralin,
which act on root growth, but are not translocated and have a very low
solubility. In addition, trifluralin is volatile and photolabile.
Some experiments have been reported investigating shallow incorporation
of substituted urea herbicides, to avoid dependance on rainfall to move the
chemical into the surface layers of the soil ("activation"). Little research
appears to have been done on deeper incorporation of the herbicides, but it
appears to be accept.ed that such, incorporation would lead to crop injury.
Two trials investigating incorporation methods of substituted urea
herbicides in cotton were carried out during the 1967-68 season. One at
Leeton, on Gogeldrie clay, investigated incorporation methods for fluometuron,
norea and diuron, each at two rates of application. Incorporation methods
were:(a)

Deep incorporation to approximately three inches with a powertake-off rotary hoe prior to hilling-up and planting the cotton.

(b)

Shallow incorporation by dragging a heavy chain over hills sprayed
after planting.

(c)

Hills sprayed after planting and herbicide left on the soil surface.

Weed control with fluometuron and norea was significantly improved by
deep incorporation. Diuron did not give effective control of Echinochloa in
any treatment. There was no significant effect on crop plant population, and
no signs of crop phototoxicity in any treatment.
At Narrabri, on a clay soil, fluometuron was applied at two rates presowing and incorporation by the following methods:1.
2.
3.
4.

"Go-devil" discs to a depth of three inches.
"Lilliston" rolling cultivators to a depth of 1 to 1.5 inches.
Inter-row cultivation equipment to a depth of 1.5 to 2 inches.
Unincorporated.

Both grass population and total weed population were in the order of
unincorporated > inter-row equipment > Lilliston cultivators > "Go-devil"
discs. Each treatment differed significantly from all others.
There was no significant difference between treatments in cotton plant
population, and no indication of crop phytotoxicity. Crop plant height 11 week
after planting reflected weed control efficiency, higher plants being found on
cleaner plots.
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It therefore appears that deep incorporation of these herbicides
can improve weed control and, at least under the conditions of these
experiments, do not lead to crop injury.
Because of the increased reliability of herbicide obtained from soil
incorporation cf herbicides, the practice can be expected to gain wider
acceptance if growers can be assured that crop damage is not highly probable.

THE GENESIS OF A LAYhRF.l) RED-BROWN HARTII PROF I Lb
(Talk by J.R. Sleeman to the A.C.T. Branch on 8th May, 1969.)
The profile under discussion has affinities with tlie Thulabin Series
and was sampled near Pyramid Hill, Victoria. Field studies by Butler suggested
that it consisted of a K parna with soil, overlying a K, parna and soil,
overlying the stump of a"much older soil developed on the underlying granite.
Laboratory studies on mineralogy and micromorphology tend to support this
interpretation.
The skeleton grains in the lower portion of the profile i.e., in the zone
reputedly developed in the underlying granite, are significantly different from
the remainder of the profile; in particular they are coarser, highly micaceous,
with a high content of hvdratcd iron oxides and high zircon/tourmaline ratios.
The upper portion of the profile i.e., the parnas, appear to have been derived
from a similar source as indicated by a similarity in particle size (mainly even
fine), zircon/tourmaline ratios (all low) and mineral suites dominated by
magnetite, ilmenite, titanite, leucoxene, quartz and felspar; however, the
higher content of biotite and hornblende in the upper sector (coinciding with
the coarser textured A horizon) suggest a separate dispositional phase. Wustenquartz counts (surface parna 25°o, lower parna layer 101 and granitic layer nil)
coincide with these layers but the distribution of papules suggests the lower
parna was deposited in two distinct phases, i.e., there were three parna
depositional phases.
The occurrence of a unique set of pedological features (colourless and
pale brown argillans and ferrans) in the granite layer suggests soil formation
prior to deposition of the parnas. Within the parnas, the vertical trends in
plasma separations and manganiferous and carbonate nodules reveal double peaks
suggesting polygenetic development, or a buried profile with its truncated
surface at the upper limit of the lowest parna deposit. Trends in the upper
two parna layers are compatible with a single profile formed in same. Weathering indices based on the ratio of resistant heavy minerals/weatherable heavy
minerals show that the weathering in the granitic layer 4 > 5 < 2 < 1. The
contributions of the original state of the parent material and pedological
processes cannot be assessed.
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