SOILS
XUSTRALIAN
SOCIETY
DF
SOIL
SCIENCE

lo. 37
ieptember 1974

NEWS

AUSTRALIAN SOCIETY OF SOIL SCIENCE
Office Bearers of Federal Council and Branches 1974-5
FEDERAL COUNCIL
President
Vice-President
Secretary
Treasurer

Dr.
Dr.
Dr.
Mr.

M.J. Mulcahy
A. Smith
N.J. Barrow
G.M. Dimmock

CSIRO Division of Land Resources
Management,
Private Bag, P.O.,
Wembley, W.A. 6014.

AUSTRALIAN CAPITAL TERRITORY
President

:

Secretary
Treasurer

Dr. B.G. Williams

Dr. C.L. Watson
Mr. J. Sleeman

CSIRO Division of Land Use Research,
P.O. Box 1666,
Canberra City, A.C.T. 2601.
CSIRO Division of Soils,
P.O. Box 639,
Canberra City, A.C.T. 2601.

NEW SOUTH WALES
President
Secretary/
Treasurer

Dr. B.G. Davey
Mr. B.S.C. Wood

Department of Soil Science,
The University of Sydney,
N.S.W. 2006.

QUEENSLAND
President
Secretary

Mr. B.J. Crack
Mr. R.C. Bruce

Treasurer

Mr. N.M. Dawsor

C/- Agricultural Chemical Laboratory,
Department of Primary Industries,
Meiers Road,
Indooroopilly, QLD. 4068.
C/- Development Planning Branch,
Department of Primary Industries,
William Street,
Brisbane, QLD. 4000.

RIVERINA
President
Secretary/
Treasurer

:

Mr. S. Pels

:

Mr. C. Vye

C/- Water Conservation & Irrigation
Commission,
Deniliquin, N.S.W. 2710.

SOUTH AUSTRALIA
President
Secretary
Treasurer

:
:
:

Mr. G. Blackburn
Dr. J.K. Martin
Mr. W. Matheson

CSIRO Division of Soils,
Glen Osmond, S.A. 5064.
Department of Agriculture,
Box 1671, G.P.O.,
Adelaide, S.A. 5001.

Mr. I.J. Sargeant

Division of Agricultural Chemistry,
5 Parliament Place,
Melbourne, Vic. 3002.
Burnley Horticultural College,
Swan Street,
Richmond, Vic. 3121.

VICTORIA
President
Secretary/
Treasurer

:

Mr. I.G. Lee

WESTERN AUSTRALIA
President

:

Dr. R.J. Gilkes

Secretary

Mr. H.M. Churchward

Treasurer

Mr. R.C. Young

University of Western Australia,
Nedlands, W.A. 6009.
CSIRO Division of Land Resources
Management,
Private Bag, P.O.,
Wembley, W.A. 6014.
University of Western Australia,
Nedlands, W.A. 6009.

SOIL NEWS

The Newsletter of the Australian Society of Soil Science
Number 37

September 1974

CONTENTS
Page
News Items
Prescott Medal

2

Sulphur Symposium

2

Science Council

3

Federal Council Notes
Eighteenth Annual Report

3

Treasurer's Report

6

Report of Water Quality Subcommittee

8

Report on A.S.S.S. Monograph

9

Presidential Address

9

News from the Branches

15

Summaries of Talks

17

Soil News is issued solely to financial members of the Australian Society of Soil Science,
and is an informal news service of that body. It is published twice a year. The statements
printed in it are not for citation elsewhere, and there are no reprints. Letters, articles,
notices, reviews and news items from members are welcome and should be sent to:
Mr. K.M.W. Howes,
Hon. Editor,
Soil News,
CSIRO Division of Land Resources Management,
Private Bag, P.O.,
Wembley, 6014,
Western Australia.

NEWS ITEMS

PRESCOTT MEDAL 1974
At the Annual General Meeting of the Australian Society of Soil Science it was announced that
Dr. T.J. Marshall was the winner of the 1974 Prescott Medal. The presentation of the Medal will be made at a
South Australia Branch Meeting in the near future.
The award to Dr. Marshall is based on his important contributions to soil science through both his
research, largely concentrated on aspects of relations between water and soil, and the leading role he played in
initiating and developing soil physics research in Australia.
Dr. Marshall's recognition of the importance of physical properties when his branch of soil science was
still in its infancy stemmed from his experience and observations during his early working years as a soil surveyor
in the Murray Valley irrigation areas. The choice of this field for post-graduate study, firstly under Professor
Prescott, and subsequently under Dr. G.B. Bodman at the University of California, Berkeley, was a significant
decision in his career. On return to Australia he developed and led the Soil Physics section in the CSIRO
Division of Soils, later incorporating research in soil mechanics which resulted in the establishment of the
Division of Soil Mechanics (now Applied Geomechanics).
From this lone worker the contemporary situation has developed where Australian soil physics
research in many areas is internationally known. This has been due in no small part to the emphasis and pressure
of Dr. Marshall to expand this research area for the better understanding of the behaviour of Australian soils. As
a measure of his international standing as a soil scientist he was Vice President, Commission I (Soil Physics) of
the International Society of Soil Science from 1956-1960, and is currently (1968-1974) President of Commission
VI (Soil Technology). By invitation, he presented a paper on the "Nature, development, and significance of soil
structure" at the joint meetings of Commissions IV and V in New Zealand in 1962.

SULPHUR IN AUSTRALIAN AGRICULTURE - PUBLICATIONS
Two publications will be produced in association with the recently held symposium on "Sulphur in
Australasian Agriculture".
The first of these is now available. It is a Handbook on Sulphur in Australian Agriculture, a
compendium of factual information provided by Australian research workers. In some 50 pages of text and 57
tables it deals, on a regional basis for the Continent, with all aspects of sulphur in soils, plants, and fertilizers.
Copies may be obtained, free of charge, by interested readers by writing to Mr. K.D. McLachlan at
the CSIRO, Division of Plant Industry, Box 1600, Canberra City, A.C.T. 2601.
The Proceedings of the symposium will contain the review papers presented at the conference and it
is at present being prepared for publication by the Sydney University Press. It will be available a little later in
the year from them, their agents, or booksellers.

BY-LAW 26 RELATING TO PRESCOTT MEDAL AWARD
A mistake in the printing of this By-Law in Soil News No. 36 needs correction. In the first item (a)
it says that the award will be made to a financial member of the Society. In fact this should read that the award
will be made to 'a person, not necessarily a Society member'. This change is required as a result of an amending
resolution (17.13) carried at the 78th Meeting of Federal Council, on September 4, 1972.
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SCIENCE COUNCIL
The following letter was received from the Minister for Science, the Rt. Hon. W.L. Morrison.
"The Commonwealth Government will shortly be setting up a science council to advise on the
development of science in Australia including its organisation, the allocation of resources and manpower, as well
as the impact of science on the community and the integration of science policy with general government policy.
I have in mind a council of about a dozen members with broad representation from the scientific and technological
community as well as several social scientists with at least one full-time member and supported by an independent
secretariat.
I would personally appreciate any views or suggestions relating to the council that your organisation
may wish to submit."
Any comments or suggestions which you think the Society could make should be sent to the Federal
Secretary as soon as possible.

FEDERAL COUNCIL NOTES

EIGHTEENTH ANNUAL REPORT FOR YEAR ENDING 30 JUNE, 1974.
PRESIDENT

Mr. C.H. Williams

VICE-PRESIDENT

Dr. M.J. Mulcahy (proxy Mr. R. Wetselaar)

BRANCH PRESIDENTS
A.C.T. - Dr. D.E. Smiles
N.S.W. - Mr. C.A. Hawkins (proxy Dr. P.H. Alker)
QLD. - Mr. I.F. Fergus (proxy Dr. P. Stevens)
Riverina - Dr. R.R. Storrier (proxy Dr. C.L. Watson)
S.A. - Dr. D.G. Lewis (proxy Mr. B.E. Butler/Dr. B.G. Williams)
Victoria - Mr. A. Webster (proxy Dr. T. Talsma)
W.A. - Mr. J. J ago (proxy Dr. D.J. David)
Hon. Secretary — Dr. T. Loveday
Hon. Treasurer - Dr. A.V. Blackmore
Hon. Auditors — Dr. D.J. Cosgrove
Mr. H.A. Haantjens
MEETINGS
Five ordinary meetings of Council were held during the year.
SOILS NEWS
Dr. D.J. David, Hon. Editor, produced issues No. 35 and 36 of Soils News.
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MEMBERSHIP
48 new members were admitted to the Society, 11 resigned and 12 were removed from the register
under By-Law 4.
COMMITTEES
Student Prize: There were no entries for the essay competition advertised early in 1973, and
consequently no award could be made. The future of the prize is under review by the existing Student Prize
committee, chaired by Mr. G.B. Stirk.
Monograph: Considerable progress has been made and twelve out of the fourteen chapters have been
received. Some chapters have been finally amended, others are still in the process. The editors, J.S. Russell and
E. Greacen wish to thank those members who have undertaken reviewing.
Water Quality in Australian Rivers: This committee has surveyed the position with regard to
collection of records of levels of solutes, suspended solids and bed loads in Australian river systems. It has found
that regular monitoring of suspended solids is now being undertaken by the States and that a similar scheme is
being considered for solute monitoring. There is no program for sampling bed loads. There appears to be no
significant educational or research program in the general area of water quality.
Terminology of Soil Science: Members of this committee chaired by Dr. G.G. Beckmann have been
particularly active, and have sought definition of a wide variety of current terms, have published them in Soils
News, invited comments and criticisms and modified the definitions in the light of these. Finally, they have
compiled a list of the agreed definitions, which they now suggest ought to be published as a supplement to Soils
News, under the title "Supplementary Glossary of Soil Science Terms, as used in Australia". The list could then
be inserted in the S.S.S.S.A. glossary. They also recommend that the Society should maintain a reference file of
the accepted definitions, together with the amplifying statement, to be available to all enquiring for further
information. They wish to thank all members who have contributed to the glossary.
Reference Soil Sites: Mr. I. Wallbran, convenor of the Federal Committee, has reported that all
Branches now have standing committees on reference soil sites. Riverina and Queensland have chosen several
sites for preservation for educational and research purposes. The possibility of using sites from the National Soil
Fertility project should be considered.
Stratigraphic Nomenclature: Liaison with the Geological Society's Nomenclature Committee has taken
place. The convenor, Mr. B.E. Butler, considers that the proper future course for this committee is not clear.
AUSTRALIAN JOURNAL OF SOIL RESEARCH
The past year has seen important changes in A.J.S.R. both in editorial policy and refereeing policy.
Moreover the journal has had a "face-lift". Partly as a result of Society representation the editorial policy has
been broadened particularly in areas of soil mechanics, hydrology, geochemistry, environmental research and
research techniques. Details of these changes have been published in Soils News 35. On the refereeing side a
decision has recently been taken to use more overseas referees. Average time from receipt to publication of a paper
has been improved and is good by standards of other soils journals. There is still however, a substantial percentage
of papers, which would be acceptable to A.J.S.R., going to overseas journals. If A.J.S.R. is to become robustly
viable it must 'capture' more of these papers.
CONFERENCES
Council has given much consideration to conferences and whether the Society should organise and run
them.
These discussions arose following a change in policy by the Standing Committee on Agriculture
regarding technical conferences. This discarded the large general conference of review in favour of smaller, more
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specialized meetings, the first of which was the Australian Soil Science Conference held in February 1974.
Council considers that there is still an important place for the broad conference and that specialist
conferences should be held in addition to and not in place of the larger conference. Further, Council is
strongly opposed to the restrictions imposed on attendance at specialist meetings.
Following an unsuccessful approach to the Minister for Primary Industry seeking a review of
Australian technical conference policies, Council has decided that the Society should organize conferences of its
own and initial steps have been taken to do so. Submission of topics for A.A.C. sponsored conferences are also
being made.
BY-LAW CHANGES
By-law 1 was altered so that an applicant for membership now lodges the subscription fee with his
application.
By-law 10 was changed to include that the vice-president is the president-elect.
By-law 23 had part (b) deleted from it and a new by-law 28 added to provide for a copy of the
Annual Report to be sent to all members.
By-law 26 was modified in the light of comments from the J.A. Prescott Medal Committee.
INCORPORATION OF THE SOCIETY
Following discussions by Branches and Federal Council the first formal steps in the incorporation of
the Federal body in the A.C.T. were taken on May 1, 1974 with lodgement at the Office of the Registrar of
Companies for approval of the Name of the Association, a copy of the draft Constitution, a copy of the Public
Press Notice of Intention, and the appropriate authorization of Council. Permission to proceed was received on
May 7 and the Notice of Intention appeared in the Canberra News on May 13. A ballot of all members to seek
endorsement of necessary changes to the constitution resulted in 38% of members voting, and of these 98% voted
in favour of the changes. A new constitution has been printed and is ready for distribution to members. With
subsequent issue of a Certificate by the Registrar, the appointment of a Public Officer, and the submission of the
Rules of the Association the Incorporation will be complete.
REPUBLISHING SOIL SURVEY BULLETINS
Council forwarded two cases, one from Riverina and one from W.A., to CSIRO. Decisions to
republish both (with some updating) were reached.

John Loveday
Honorary Federal Secretary
28 June 1974
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TREASURER'S REPORT FOR THE YEAR 1 JULY 1973 TO 30 JUNE 1974

MEMBERSHIP AND SUBSCRIPTION DETAILS

Paid
Branch

Total

New
other

70/71

71/72

74/75

Not
Financial

72/73

73/74

1

53

1

A.C.T.

56

10

N.S.W.

75

18

1

8

63

7

O/seas

22

1

2

3

16

5

104

15

8

83

15

44

11

7

37

3

103

12

-

89

16

Victoria

70

5

3

60

7

W.A.

67

12

4

55

10

541

84

34

456

64

Qld.
Riverina
S.A.

Financial Statements and the various Accounts for the 1973/74 financial year are attached. The
membership and monetary state of the Society seem satisfactory apart from the continuing large number of
unfinancial members.
A.V. Blackmore (Hon. Federal Treasurer)
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FINANCIAL STATEMENT 1 JULY 1973 TO 30 JUNE 1974

Receipts
Balance brought forward 1.7.73
A.S.S.S.
1966/67
1 @ 2.50
1967/68
1 @ 2.50
1968/69
1969/70
1 @ 2.50
1970/71
5 @ 2.50
9 @ 2.50
1971/72
34 @ 2.50 or 3.50
1972/73
1973/74
456 @ 2.50 or 3.50
7 @ 2.50
1974/75
Members' individual credits

2.50
2.50

I.S.S.S.
1973 subscriptions 5 @ 3.00
1974 subscriptions 182 @ 3.00

15.00
546.00

Repayment of loan to Monograph Committee

100.00

113.63
5.54
116.25
25.00
100.00
16.20

406.39
362.50
5.00
9.04
13.25
15.06

0.01
2415.08

68.96
4159.14

2415.08
4159.14

An examination of the books of account of the Australian Society
described in the above statements was verified.
D.J. Cosgrove
(Honorary Auditor)

235.00
245.00
76.00

Postage
Refreshments
Typing & Duplicating
Honorariums
Loan to Monograph Committee
Stationary
I.S.S.S. Subscriptions: 215 @ $A2.00 or $US3.00
A.J.S.R. Vol. 12 145 @ $2.50
Refund of 2 I.S.S.S. Subs to Southern
Telegrams (On Prescott Medal)
Refund of Postage to Branches for Soils News &
A.J.S.R. distribution
Incorporation costs
Bank balance at 30.6.74 2400.67
Cash in Hand
14.41

2.50
12.50
22.50
84.50
1188.87
17.50
20.50
4.40
319.60

Bank interest

Printing
Soils News No. 35
Soils News No. 36
Reprinting Constitution

1751.30

A.J.S.R.
1973 subscriptions 2 @ 2.20
1974 subscriptions 145 @ 2.20 or 2.50

Cash (direct to Petty Cash Account)

Payments

$

H.A. Haantjens
(Honorary Auditor)

made on 26 June, 1974, and the financial position as

A.V. Blackmore
(Hon. Fed. Treasurer)

REPORT OF SUBCOMMITTEE ON WATER QUALITY IN AUSTRALIAN RIVERS
The subcommittee was established by Council in November 1971 to survey the position with regard
to collection of records of levels of solutes, suspended solids and bed loads in Australian river systems.
Membership comprised E. O'Loughlin, S. Pels, and M.E. Stannard of the Riverina Branch, which
originally put the matter before Council and C.L. Watson (A.C.T.) as convenor. There was concern at the
dearth of available data on stream quality. Information on baseline stream values was generally lacking and it
was difficult to study trends in water quality as a function of various patterns of land use.
The committee considered the program of the Australian Water Resources Council (AWRC), on
which each main State water instrumentality is represented and which has a secretariat provided by the Federal
Department of the Environment and Conservation. Two of its technical committees were relevant, viz those on
water quality and surface water.
(a) Solute collection
The Technical Committee on Water quality of the AWRC has recently prepared a submission for a
nation wide program for monitoring solutes in Australian river systems. The plan which should begin to operate
in 1974/75 is for a network similar to that of the stream gauging program. The collections will be made by the
State with financial assistance from Federal sources. Cabinet approval is awaited and details of the scheme have
not yet been made public.
We have been particularly concerned with the possible appearance of nitrate in river systems. This
ion is particularly dependent on seasonal conditions and land use patterns. Moreover it could become an
important pollutant in the drainage from irrigation areas and feedlots. We therefore are concerned that nitrate
and possibly phosphate will be monitored in river systems in addition to the more usual ions.
The A.W.R.C. has recently recognised the problems of nutrient levels in lakes and streams and has
now a research scientist evaluating the nutrient status of Australian inland waters with respect to possible
entrophication.
(b) Suspended solids and bed loads
A monitoring system exists in all States and Territories for the collection of suspended solids in
river systems. The program carried out by the States is under the aegis of the Technical Committee on Surface
Water of the AWRC with Federal financial assistance. However, the grid in one or two of the States is still
poor.
Bed loads are not regularly monitored in Australia, because of sampling difficulties and of suitable
sampling devices. The AWRC is anxious to grant funds for the development of samplers.
(c) Other developments
Water quality in the Murray Valley is presently being looked at by a River Murray Working Party,
constituted in 1973 with Government membership from N.S.W., Victoria and S.A.
The AWRC will be issuing a comprehensive technical report by Dr. B.T. Hart on Australian Water
Quality Criteria late in 1974.
Conclusion
Regular monitoring of suspended solids on Australian river systems is now being undertaken by the
States under the aegis of the Australian Water Resources Council, with Federal moneys. A similar system for
the monitoring of solutes has been submitted to the Federal Government and should commence in 1974/75.
There is no program for the sampling of bed loads.
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There appears to be no significant educational and research program at the tertiary level in the general
area of water quality.
It is suggested that Branches should keep themselves conversant with monitoring programs in their own
states, particularly with regard to an expanded collection of solute data.
Chris Watson
Convenor

30/5/74

REPORT ON A.S.S.S. MONOGRAPH
Considerable progress has been made on the Monograph during the year. Twelve out of the fourteen
chapters have been received. Most of the initial drafts have been or are being reviewed. Some of the amended
chapters have been returned by the authors and have been accepted for inclusion in the Monograph. Definite
promises for receival of the outstanding two chapters for the end of May have been obtained.
The Editors are hopeful that all chapters will be in a final form for submission to the publisher as
soon as possible after the middle of the year.
The Editors would like to express appreciation to those members that have reviewed chapters for the
Monograph.
J.S. Russell & E. Greacen
Editors

PRECIS OF PRESIDENTIAL ADDRESS
"TRACE ELEMENTS IN SOILS AND PLANTS" - DR. C.H. WILLIAMS
The entry of small amounts of various chemical elements into soil and the effects of these on plant
uptake have been receiving increasing attention over the past 10 years or so. This is because the total input of
extraneous elements into the environment is increasing rapidly, as a result of human activity, and there has been
an increasing awareness that, in some cases, this could prove harmful to plant or animal life or to human health.
Several elements (Cu, Zn, Mo, Mn, B, Co, Se, CI, I) have been known for a long time to be essential
for plant or animal growth. Others (Hg, Pb, As, Cd, Se, Mo) have been recognized as potentially dangerous to
human or animal health and others again (Ni, Be, B, Y, Sb, Ge, Zr, V, Ba, T I) are suspected of having possible
harmful effects on human health.
Any element, of course, can prove toxic to plants or animals if present in sufficient quantity. Equally,
addition of elements to soil is not necessarily harmful and in many cases it can be beneficial.
Sources
The sources of these elements are many and varied, and they may enter the soil directly or as
atmospheric fall-out. The most important sources are:-
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Mining
Many elements are involved, but especially Cu, Zn and Pb together with Cd which is often
associated with them as an impurity in their ores. Generally only a small area of soil near the actual mining
operation is contaminated by the disposal of wastes but occasionally (and all too frequently) large areas may be
affected by seepage of effluents or erosion from spoil heaps.
Metallurgy & Industry
Again a very wide range of elements is involved. These may be discharged in atmospheric emissions
or may be present in liquid and solid wastes.
Combustion of fuels and wastes
Many fuels, both domestic and industrial, contain appreciable quantities of impurities. Combustion
results in emission of some of these to the atmosphere — especially the more volatile elements Hg, Cd, B, As, Zn.
The remainder are retained in the ash which frequently finds its way into the soil.
Automobiles
Metals involved are Pb, Zn and Cd. These originate mainly from engine exhausts, the results of
additives and impurities in fuels and lubricating oils, and from the attrition of tyres, the rubber of which contains
appreciable amounts of zinc oxide.
Sewage
This contains many elements including Cd, Co, Cr, Cu, Fe, Hg, Mn, Mo, Ni, Pb and Zn. In many
cases a large proportion of these originates from industry and consequently the amount of any element present
may vary widely depending on the size and nature of the local industries.
Pesticides
These frequently contain metals including Hg, Cu, Zn, Pb, Mn and As. McGrath (1964), for example,
listed 280 pesticides in current use in the U.S.A. of which 40% contained metals, the most common being Hg
(in 16%), Cu (10%) and Zn (9%).
Fertilizers and soil amendments
These may contain deliberate additions, as in the case of trace element fertilizers (Cu, Zn, Mo, Co, B,
Mn), or undesired impurities originating from the raw materials used in their manufacture.
The soil
Toxic levels of elements present in soil may arise as a result of:Natural toxicities: Soils derived from ultrabasic rocks, such as serpentine, often contain toxic levels
of Ni, Cr or Co. Selenium toxicity (sometimes called alkali disease) and Mo toxicity (peat scours) in animals
frequently arise from natural soil toxicities.
Induced toxicities: Toxicities of soil elements, especially Al and Mn, can often be induced as a
result of soil changes (generally pH changes) brought about by fertilizer or land use practices. The acidifying
effects of excessive use of ammonium sulphate are well-known and these often lead to Al or Mn toxicities.
Pasture improvement by the sowing of subterranean clover often leads to a decrease in soil pH and this may lead
to increased availability of soil metals and to Mn toxicity.
General Considerations
Research dealing with the essential mutrient elements in soils and biological systems has been extensive
and we have a reasonably good understanding of the factors affecting their retention by the soil and their uptake
by plants — especially in the cases of Mn, Cu, Zn and Mo — but our knowledge of the chemistry of many toxic
elements in soils is very incomplete and largely speculative.
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In assessing the likely effects of the addition of elements to soils several factors are important.
a)

Chemical elements vary greatly in their relative toxicities to plants.

b)

Plant species, and even cultivars, vary greatly in their nutrient requirements, in their capacity to take
up nutrients and in their tolerance of toxic concentrations.

c)

The concentration of chemical elements usually varies considerably within the plant itself — this is of
particular importance in the case of food and fodder crops.

d)

Interactions within the plant may modify the effects of the addition of chemical elements to soils.
Application of phosphate, for example, may alleviate Al toxicity in some cases or it may induce Zn
deficiency in others. Interactions between elements (e.g. Cu, Zn) are common in the case of multiple
deficiencies.

e)

The soil plays a major role in determining the level of availability of added elements. Soil
properties of greatest importance include pH, organic matter content, cation exchange capacity and
sesquioxide content.

Reaction of Elements with Soils
Although the various elements must each be considered individually there are some general
similarities within groups of elements in their chemical reaction with soils.
Cations
Many elements, Cd, Co, Cu, Hg, Ni, Pb, Zn (divalent) and A l , Cr, Fe (trivalent) are cationic and so
have a number of properties in common that affect their retention by the soil and their uptake by plants. Most,
because of their low natural abundance on the exchange complex and their tendency to hydrolyze to hydroxy
cations are strongly adsorbed by soils. They are less strongly adsorbed at low pH and as pH increases from 5 to
7 adsorption increases and plant availability decreases.
Under normal soil conditions the trivalent cations Fe
and Cr
are precipitated as their
hydroxides, as also is A l
in all but the more acid soils. In soils of pH greater than 5.5—6.0 Mn
is
oxidized and precipitated as Mn0 2 by microbial processes but below pH 5.5—6.0 Mn 0 2 is reduced chemically
to Mn . Other elements, especially Fe and Co, can also undergo oxidation-reduction reactions which can
become important if waterlogging occurs.
Many elements undergo 'fixation' reactions after adsorption which results in their partial conversion
to non-exchangeable forms. In many cases the nature of these reactions is not fully understood. They are
particularly important in the case of Co where reaction with Mn compounds appear to be involved. They are
also very important in alkaline and calcareous soils.
Organic matter plays an important role in the retention and availability of many metal cations. The
organic colloid has a high cation exchange capacity, considerably higher in fact than the inorganic colloid, so that
the organic matter generally contributes substantially to the cation exchange capacity of the soil as a whole. In
addition it can bind some metals very strongly by chelation which is particularly important for Cu and Ni. Other
elements are less strongly chelated as follows:- C u + + > N i + + > Co + + > Fe + + > Mn + + , Z n + + . Changes in soil
organic matter can thus, at times, affect the availability of metals quite considerably.
As well as insoluble chelates, small amounts of soluble chelates are also formed between metals and
small organic molecules. These generally carry negative charges and so are not adsorbed on the generally
negative surfaces of the soil and are considered to be important sources of plant-available metals. Much of the
mobile Fe, Cu and Mn in neutral soils is believed to be in these forms.
Anions
The elements As, B, F, Mo and Se are usually anionic and for these a different set of soil
properties are important.
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The anions As 0 4 " , Mo 0 4 " and Se 0 3 are adsorbed by Fe and Al hydroxides and are more
strongly bound at low pH. In alkaline soils As O4.'" appears to be retained in much the same way as P0 4 '" atCa
compounds, although not bound as strongly as phosphate Se 0 3 " is oxidized to Se 0 4 " which is soluble and
readily available to plants and Mo 0 4 " is released from Al and Fe combination and is also readily available.
Borate, however, is strongly adsorbed by soil colloids only under alkaline conditions — under acid
conditions it may exist largely as undissociated H 3 B 0 3 . Fluoride, which is not adsorbed, is readily precipitated
as Ca F 2 .
Although these general considerations provide useful guides, each element must, in practice, be
considered individually. Mercury, for example, although strongly retained in the soil by adsorption can, under
conditions normally prevailing in soils, readily be reduced to the metallic form and the metal vapour is much
more harmful to plants than the adsorbed ions. Under anaerobic conditions Hg can be converted to monomethyl
or dimethyl complexes which, again, are more harmful than the metal ion.
Fertilizers
Fertilizers may contain intentional additions of trace elements or undesired impurities.
Trace element fertilizers
The use of trace element fertilizers is the only example of the deliberate addition of small amounts
of potentially toxic elements to soils. These additions are normally made to carefully defined soils and in
carefully controlled amounts.
The importance of trace element fertilizers in Australian agriculture need not be stressed.
Approximately 9% of all fertilizers used over the years 1964-1970 contained added trace elements and during
this period an average area of about 2 x 106 ha was treated with them each year. In all, it seems likely that at
least 16 x 106 ha have now received at least one application of trace elements.
Elements applied are B, Co, Cu, Mn, Mo and Zn, the most important being Cu, Mo and Zn. Multiple
deficiencies of two or more elements are common and they are usually applied as additives in superphosphate.
The usual rates of application are Mo, Co < 0.2, B, Cu < 2.0, Zn < 4.0 and Mn < 12 kg per fm.
In view of their strong retention by soils it could be expected that the addition of such small amounts
of Cu, Co, Mn, Mo and Zn to deficient soils would have only small effect on plant uptake and composition and
this has been confirmed by many workers.
Many good residual effects from normal commercial applications of Cu, Zn and Mo have been
observed on acid soils, and in many areas repeat applications are only recommended at intervals of 6-10 years
or more but on some soils more frequent applications of Mo and Cu have been found necessary. Cobalt is
rapidly converted to unavailable forms in most soils and poor residual effects are generally obtained.
Manganese deficiency occurs most commonly on alkaline and calcareous soils, and, under these
conditions, Mn is rapidly converted to unavailable forms. It is thus often necessary to apply Mn with each crop.
Rapid immobilization of Cu and Zn have also been reported on alkaline soils.
Fertilizer impurities
The largest single impurity in superphosphate is fluorine — generally 1-2%. It has been shown that
F added in superphosphate has little effect on the F content of plants. Most of it is retained in the soil —
especially in heavy textured soils — but F compounds added to soils are rapidly converted to insoluble Ca F2 so
that as long as sufficient Ca is present F is not taken up to any extent by plants. Fluorine toxicity in plants
has frequently been reported from overseas, but this has been due to air-borne F, arising in some cases from
fertilizer manufacture, but not from its use.
The Fe and Al (0.5-1.5%) are unlikely to have any important effect on plant growth. Both are major
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soil constituents and the amounts added in the fertilizer are generally small compared with the amounts already
present in the soil. In any case Fe would be precipitated as the hydroxide and the same would be so of Al
except in very acid soils. Si (0.5-2%) is present as Si 0 2 , is thus inert and has no effect on plant growth.
Of the remaining impurities only Cd (45 ppm) appears to be of any concern. On present knowledge
the amounts of the others are too small to be likely to have any toxic effects, either on plants or animals, even
when large annual applications are made over long periods of time. The amounts of Zn (250-750 ppm) are large
enough to play some part in reducing the incidence of Zn deficiency.
Cadmium is of concern because it has come under suspicion in recent years as an environment
contaminant that could be harmful to human health. W.H.O. has set a Provisional Tolerable Intake of 400-500
/xg per week. In many countries weekly intakes of 300-450 /ng are common so that there is little margin for
further increase. For Canberra the average weekly intake is approximately 200-250 ng. Levels of Cd in food
crops that would be dangerous to health are well below those at which plant growth is affected.
Cadmium is strongly adsorbed by soils and most of it applied in fertilizer is retained in the surface
soil. This in turn leads to increases in plant Cd.
Other Sources
Contamination of soils with elements from other sources is usually much greater than is the case with
fertilizers but the effects are normally restricted to relatively small localized areas.
Industrial contamination
Many reports of the serious contamination of soils by industrial activity exist. Beavington (1973) for
example, has shown considerable build-up of Cu, Pb, Zn and Cd in soils near to the main smelting complex in
Wollongong and this has greatly affected the composition of home-grown vegetables in the area.
Automobile

traffic

The motor car is a well-known source of metal contamination. Data obtained on soils adjacent to
the Hume Highway near Marulan show increases in the Pb, Zn, Cd and Cu contents of the soils adjacent to the
highway and there were corresponding increases in the metal contents of plants growing on them. These results
suggest that contamination of roadside soils in rural areas may be of little importance. There appears to have
been little penetration of metal contamination beyond about 25 m from the roadside. The Hume Highway is a
major interstate highway carrying, for rural areas, heavy traffic (about 7500 cars per day) and the changes found
result from accumulations which have occurred over a period of 50, or more years.
Sewage disposal
Sewage disposal often poses problems of heavy metal accumulation. Most of these metals originate
from industry and consequently the metal content of sewage and sewage sludge is highly variable. The ranges in
metal content are very great and the concentrations of various metals often exceed those in normal trace element
fertilizers. However, disposal of sludge is at rates of tonnes per hectare compared with kg per ha in the case of
fertilizers and build-up of various elements in the soils, as a result, are often substantial.
Pesticides
Many pesticides contain metals and their long-term use has often resulted in undesirable accumulations
in the soil. Toxic levels of Cu in soils resulting from the use of Bordeaux mixture have been reported, but
probably the most common and the most serious is that of As toxicity in orchard soils, resulting from the use of
lead arsenate.
Remedial Measures
What can be done to remedy toxicities if they occur?
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Limit input
The first and most obvious, of course, is to limit the input of unwanted elements. This cannot
always be done but in many cases input could be substantially reduced - this is now being done in the case of
sewage sludge where limits on the metal content have been recommended where sludge is to be used on
agricultural land.
Drainage
Good drainage may reduce uptake in some cases since waterlogging of soil, even for only short
periods, may often considerably increase the availability of easily reducible elements.
Cultivation
Cultivation may sometimes reduce the availability of metals accumulated at the soil surface by mixing
them through the cultivated layer and so exposing them to a greater number of adsorption sites. This, however,
must be done with caution since at heavy levels of contamination this may accentuate the problem by exposing
the whole of the cultivated depth to toxic levels whereas in the undisturbed state the plant roots could penetrate
below the contaminated layer and so avoid excessive uptake.
Liming
Judicious liming can be used to reduce plant uptake of most cationic metals but care must be taken
not to over-lime (> pH 6.5) since this may increase the availability of anionic elements such as Mo or Se, or it
may induce deficiency of other elements such as Mn or Zn.
Build-up of organic matter
Increase in soil organic matter can decrease uptake of metals both through an increase in cation
exchange capacity and in chelation.
Plant resistant species
In some cases, e.g. As, this may be all that can be done since control measures may be non-existant
or too expensive.
Exclusion of stock
In other cases, e.g. Se, Mo, little can be done other than to exclude grazing animals from known toxic
areas.
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NEWS FROM THE BRANCHES

AUSTRALIAN CAPITAL TERRITORY
Branch Notes
Meetings:
At our Annual General Meeting in June, our outgoing President, Dr. D.E. Smiles (CSIRO Division of
Environmental Mechanics, Canberra) discussed "Some Aspects of Water Movement in Swelling Materials". In
July, Dr. P.H. Walker (CSIRO Division of Soils, Canberra) spoke on "Perspectives in Soil Erosion", (see summary).
Refresher Course on "Soil Water Movement", Canberra, May 14-15, 1975:
This course has been planned in response to a need to facilitate the flow of information between
the field and laboratory research in soil-water problems. Drs. D.E. Smiles and T. Talsma of the Division of
Environmental Mechanics, (Pye Lab.) will assist with leadership, reading lists, etc. Small groups (8-10) will discuss
theory as it relates to field problems. Participants from other branches are welcome. Contact Chris Watson,
Division of Soils, Canberra (46.5962).
Personal Notes
Mr. B. Butler is presently overseas and is spending some time with Professor P. Beckett of the
Department of Agricultural Science, University of Oxford. He will be attending the Moscow Soil Congress.
Other members attending include Mr. P. Bleeker, Mr. H.A. Haantjens, Dr. ). Loveday and Dr. D.E. Smiles.
Following the Congress Dr. Loveday will be visiting Israel, Texas and California to look at hydrology, salinity and
amelioration work on clay soils. Dr. Smiles will be attending a symposium on Heat and Mass Transfer in the
Vegetative Environment at Dubrovnik, Yugoslavia.

SOUTH AUSTRALIA
Branch Notes
Two meetings of the South Australian Branch were held in the last six months.
On April 18, 1974, Professor S. Pawluk of the University of Alberta spoke on the pedogenic gradient
across the prairie-tundra region of Western Canada and Dr. A.R. Dexter, W.A.R.I., discussed soil mechanics in
agriculture.
The Annual General Meeting was held on June 20, 1974 when Dr. D.G. Lewis presented his
Presidential Address entitled "Phosphate Sorption in Soils".
Personal Notes
Dr. A.M. Alston is on leave from the Waite Institute to spend eight months at Guelph with Dr. M.H.
Miller in the Department of Land Resource Science.
Mr. W. Matheson recently returned from the U.S.A. where he presented a paper on effluent use in
vineyards to the 2nd. International Drip Irrigation Congress, followed by a study tour relating to effluent
utilisation and water quality criteria.
Dr. A.L. Clarke attended the International Grasslands Conference in Moscow in May and continued to
the U.K. for a period of study leave.
Professor J.P. Quirk has taken up his duties as Director of the Waite Agricultural Research Institute.
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NEW SOUTH WALES
Branch Notes
On May 22nd-25th the Branch held an excursion to the Murrumbidgee Irrigation Area to inspect
representative soils of the area and also to attend a series of talks at Yanco Agricultural College, arranged by
the Riverina Branch. Due to inclement weather some of the soil sites set down for inspection had to be by-passed,
but our thanks go to members of the Riverina Branch and some members of the A.C.T. Branch, who arranged the
field trip. On the night of our field trip a dinner was held in Leeton and all members present voted it a great
success. The series of talks on various research projects being carried on in the Riverina area was given to a
combined meeting of the Riverina and N.S.W. Branches on 24th May. The N.S.W. Branch members set off on the
25th May inspecting the red-earth exposure at Brucedale and the Marinna railway cutting before returning home.
Our thanks go to the Committee and members of the Riverina Branch who made the excursion such an enjoyable
one.
On 21st June the Branch held its Annual General Meeting, which was addressed by Mr. A.M.H. Riddler,
who spoke of a recent course he had done at Enschede, The Netherlands entitled "Integrated Surveys".
On 9th August an inspection of the Hydraulic Research Model of Botany Bay at Kyeemagh, operated
by the Maritime Services Board of N.S.W., was held. This hydraulic model is being used for engineering and
environmental investigations of the current development of Botany Bay into a major cargo port, and is one of the
larger hydraulic models in existence occupying an area of 1.2 hectares.
The Branch will be holding a conference entitled "Soils of New South Wales" at Tamworth on
23rd-25th May, 1975.
Personal Notes
Mr. R.A. Lawrie has left for Moscow on 9th August as representative of the N.S.W. Department of
Agriculture at the International Congress and will be visiting other parts of Europe before returning in November.
It was with deep regret that the members of the Branch received the news of the sudden death of
Mr. D.L. Jackson of the Department of Agronomy and Horticultural Science, Sydney University. Mr. Jackson
had been an active member of the Branch for many years, and had combined his interests in weed science and
soils in the field excursions he conducted for agriculture students at Sydney University. It was whilst on one of
these field excursions to the Hunter Valley of N.S.W. that his sudden death occurred in May.

VICTORIA
Personal Notes
Dr. R.G. Downes left for Bandung, Indonesia, on 27th May, 1974, to assist the International Union
for the Conservation of Nature and Natural Resources with a training course on ecological principles and guidelines
for land use planning and development.
From there he went to Rome to participate in an expert consultation on soil degradation which is
being organized by the U.N. Food and Agriculture organization. Dr. Downes returned to Melbourne on 14th
June, 1974.
Dr. C.A. Lamp left for overseas on Study Leave in May and will attend the International Grasslands
and Soils Congresses in Russia. He will proceed to Israel in September to work with Dr. U. Kafkafi at the Institute
of Soils and Water at the Volcani Center before returning to Australia in February.
Mr. A.L. Tisdall has recently departed on an overseas mission to Ethiopia, Italy, U.K. and U.S.A.
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While in Ethiopia, he will inspect the Amash Valley Project and have discussions with the Ethiopian Government,
then travel to Rome for further discussions.
In the U.K. he will study the structure of the Water Resources Council.
The last port of call will be the United States where a Federal-State water compact will be
discussed as well as multi objective planning and management of water resources.

WESTERN AUSTRALIA
Branch Notes
Mr. j . J ago of the W.A. Government Chemical Laboratories gave the presidential address entitled
"Soil Chemical Analysis — What do you want?" on 17th July, 1974.
Mr. J. Watson, Western Mining Research Fellow in Environmental Studies, Department of Soil Science
and Plant Nutrition, W.A. University gave a talk on "The fate of pesticides in soils and surface waters".
Professor J.P. Quirk has resigned from the Department of Soil Science and Plant Nutrition of the
W.A. University to take up the position of Director of the Waite Institute, South Australia.
Professor C.A. Parker is currently the Chairman of the Department of Soil Science and Plant Nutrition
of the W.A. University.

SUMMARIES OF TALKS
SAFE USE OF PESTICIDES IN RELATION TO
THE ENVIRONMENT AND THE OPERATOR
(by Mr. G. Simpson to N.S.W. Branch)
Since 1970 much attention has been focussed on pollution. More recently pollution by pesticides
has become an important topic. We are rather fortunate that most pesticides that are used commercially on
crops are of a nature that break down quite readily due to weathering or other atmospheric conditions. In
dealing with the subject "Safe Use of Pesticides" we now have to go one step further in the safe use in relation
to the operator and his personal protection. We must prevent the pesticide being either a nuisance or a hazard
to the general public or a residual problem to the environment.
Pollution Problems of Pesticides
Before any discussion in relation to pesticides is attempted some knowledge of the classification must
be known. The main groups that we are interested in are as follows:
Organic Phosphates — Examples: Malathion, Parathion, etc.
Properties of these pesticides are:
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a)

Poison by inhibiting cho'ineslerase levels in the blood.

b)

Have a short residual life.

c)

Are easily broken down by hydrolysis.

d)

Break down even faster as dilute water solutions.

e)

If poisoning occurs there are effective antidotes.

Chlorinated Hydrocarbons — Examples: Dieldrin, A l d r i n , Endrin, etc.
The properties of this group are as follows:
a)

They affect the central nervous system.

b)

They have a long residual life.

c)

They do not break down easily.

d)

They may enter a food chain and as residues in food or in water become residues
in human tissues.

e)

No antidotes are available for poisoning cases.
This group is the one most likely to cause pollution.

Fluorinated Hydrocarbons — Examples: 1080, 1 0 8 1 .
These can be a problem in areas near streams or water supplies which are baited by air. The reasons
are these:
a)

Danger from the material itself, in uncollected baits.

b)

Danger from uncollected carcases in the area.

Nitrated Cresols and Phenols — Examples: DNOC, etc.
The properties of these are as follows:
(1)

They have a phenolic odour and taste.

(2)

They can cause elevation of body metabolism to increase temperature and heart rate,
etc., and in severe cases poisoning and death may result.

Heavy Metals — Examples: Arsenic, Mercury, Lead, Cadmium, etc.
These may cause pollution in run-off waters and may enter streams and water supplies.
Weedicides
Acrolein.

Has a pungent smell and is irritating.

It is used on flood mitigation channels.

Paraquat and Diquat.
Bipyridyl materials such as these may cause bleeding of the nasal mucosa
from spray inhalation. Deaths have resulted from swallowing the concentrate.
2,4-D and 2,4,5-T. Phenoxy materials of this nature can cause unintended damage to crops from
spray drift, particularly from aerial operation. The alleged teratogenic properties of 2,4,5-T are still in debate.
Some restriction in its use was proposed by the National Health and Medical Research Council. The material
in use in New South Wales contains a low concentration of the teratogenic impurity, a dioxin, and for that
reason the use of this material has not been restricted in this State.
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Pollution of the Environment
The misuse of chlorinated hydrocarbon pesticides is one of the main causes of pollution of the
environment. This material enters streams or takes up residue in foods and is passed on to human tissue. One of
the classic examples has been the use of HCB. Grain which has been treated with HCB can, in the hands of
unscrupulous persons, find its way back into stock food manufacture. Poultry, fed on grain containing HCB,
concentrate this material in their eggs. When the humans eat the eggs the material is accumulated in their body
fat. This is a modern example and probably will be one of the reasons why a stricter control will be made on
materials supplied for stock food. As well as this material recommendations will be made that grain treatment
will be carried out using other less residual pesticides. Other examples of environmental pollution by chlorinated
pesticides are seen on golf and bowling greens where chlorinated pesticides find their way from the treated greens
into local water courses.
Weedicides, through indiscriminate use, have caused widespread damage to crops where it was not
intended that they should reach. Some of the classic examples was the misuse of the phenoxy group of
materials in the Irrigation Area during the initial stages of cotton growing there. It was found that spray drift,
from aircraft that were spraying weeds in wheat,drifted onto the cotton crop and caused considerable damage.
Misuse of arsenical salts, which are particularly good weed killers, has resulted in stock being killed after eating
the poisoned plants.
Pesticide Poisoning in the Field
Mainly organic phosphate and carbamate materials are used for orchard and market gardening
spraying and most poisonings result from exposure to organic phosphorous compounds in the field. A classic
example of this was seen at Wee Waa, where wholesale poisonings to a clinical and sub-clinical degree of aerial
operation crews were detected. In all, 4 people were hospitalised and another 30 were recommended that they
should not be further exposed until they had recovered, in 1972. During 1973,21 persons were hospitalised
and about 20 removed from exposure in the Wee Waa area.
Methods of Exposure
Swallowing.
Poisoning by swallowing is usually associated with children and rarely occurs under field conditions.
Inhalation of Spray Drift.
This is most unlikely unless the operator is subject to a heavy concentration of a spray drift of a
very toxic material.
Skin Absorption.
Absorption of the pesticide through the intact skin is the most likely means by which an operator
will become poisoned in the field.
Prevention of Poisoning
a)

Protective Clothing.

Protective clothing and impervious gloves should be used when handling pesticides so that skin
contact is avoided at all times.
b)

Read the Label.

The label contains useful information as to how the pesticide may be mixed by as well it contains
information as regards its dangerous properties and the precautions to be taken. The antidote always appears
on the label.
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c)

Adoption of Protective Measures Indicated.

This means that if protective clothing should be worn they should be put on at once and caution
observed. The best recommended protective clothing is a boiler suit buttoned up at the wrist and throat,
impervious gloves, washable hat and impervious footwear.
d)

Mixing.

When mixing concentrate, care should be taken. A stick or a paddle should be used to mix the
concentrate, and this should never be done with the bare hands. Fatalities have occurred through this stupid
practice.
e)

Safe Storage of Materials.

Materials should be stored in a safe position out of reach of children and preferably under lock and
key. After the material has been weighed out the remainder should be returned to the lockable area.
f)

A void Spray Drift.

It is essential, in order to prevent excess dermal or inhalation contamination, the operator should
avoid the spray drift at all times. This means that he should not spray on windy days or place himself in a
position where he is contaminated by spray drift.
g)

Wash.

Hands and face should always be washed before eating or smoking. This prevents any material that
has lodged there from being accidentally ingested. After spraying, the operator should shower and change his
clothing. He should have his clothing laundered at frequent intervals or when it is obviously contaminated. The
clothing should be washed separately to the general laundry because of any danger of contamination.

SOIL EROSION IN IRAN
(by V.R. Squires to Riverina Branch)
Iran as a whole may be described as a pastoral country. Rangeland is to be found almost
everywhere except in the desert, which occupies about a quarter of the country, and in the completely denuded
and sterile mountains.
Of the 163 million hectares in Iran, forests cover 18 million, or 11% of the country. Rangelands
outside of forests total 10 million hectares or 6.1%. There are about 41 million hectares of desert wasteland
which furnish little, if any, forage.
The forest range has been seriously damaged by thoughtless clearing, uncontrolled charcoal burning
and fire. The herbaceous cover is almost everywhere overgrazed and depleted. Centuries of misuse of these
rangelands has impaired the effectiveness of the vegetation in preventing run-off damage. Soil erosion affects
not only the more or less denuded mountains but also much of the valley lands. The top soil, sometimes
shallow over a rocky sub-soil, has gone from large tracts of once forested lands. There is practically no
perennial forage on the lower slopes or in the valleys, despite favourable climatic conditions. Fewer good forage
plants means an increased grazing pressure on rangelands that prevents such plants from reviving or regenerating,
so that in time only the coarser or less nutritious species remain.
There are few places where conditions are good since all rangeland is, to a greater or lesser extent,
overgrazed. Such exploitation has made for the gradual weakening and disappearance of the good forage plants.
Extent of the problem
The whole country (apart from a small area near the Caspian Sea) is a soil erosion problem area.
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The extent and degree of soil erosion in Iran is so bad that it is hard to describe adequately. Whole
mountains are in a state of instability. Almost completely bare of vegetation they provide high amounts of run-off
after every storm. The water is heavily charged with sediment which is either reducing the storage capacity of
reservoirs at an extremely high rate or being spread over productive lower land. Good dryland farming land is
being divided by erosion gullies to such an extent that it will be difficult, if not impossible, to mechanise the
farming operations.
Unstable and eroding catchments are providing extremely high amounts of sediment which reduce
the effectiveness of water storages in much too short a time. For some purposes the efficiency of the storage
will be seriously reduced long before it reaches the end of its effective life. In circumstances like this the land
in catchments must be controlled and the rate of erosion slowed down. The re-stabilizing of catchments can
be very costly but must be faced.
In many of the badly eroded parts of the catchments grazing will need to be prohibited. There is
evidence that where grazing is excluded recovery is good. Management plans for specific catchments need to be
drawn up. These plans involve social and economic factors at a level which is not commonly encountered in
the more developed countries such as Australia. Stock-raising does not go hand in hand with crop growing in
Iran since the principal stock raisers are tribal or village peoples not engaged in farming. Hay gathering from
the rangelands is practised by the villagers and what soil protection remains after livestock grazing is severely
depleted by this practice. Even thistles and other unpalatable plants are gathered for hay.
Reasons for the present unsatisfactory situation
Widespread erosion has occurred in Iran because for a long period unsuitable systems of land use
and management have been imposed on the land resulting in the destruction of effective vegetative cover over
large areas of the country. Three main activities have caused this destruction of vegetation cover.
a)

Uncontrolled grazing by excessive numbers of goats, sheep, cattle and other domesticated animals
has almost eliminated vegetation over large areas but the effects have been particularly devastating
in areas close to towns and villages.

b)

Clearing and constant cultivation of land which is much too steep (30-35° slope) to be used in this
way has destroyed the existing vegetation, increased run-off, caused soil erosion and ultimately the
destruction of the land as a productive resource.

c)

Unrestricted cutting of forests and shrubs for fuel has altered the character of large areas of land in
the mountains.

Soil erosion cannot be controlled nor soil conservation achieved while such practices continue.
Elimination of these types of land use should become an objective to be achieved within some limited period.
The alternative to uncontrolled grazing of rangeland is the improved production from fodder crops
and increased productivity of grazing land in safer areas. The area presently being damaged by uncontrolled
grazing need not necessarily become unused for all time, but they certainly need some years of rest from the
treatment they have been getting. After a period of recovery it may be possible to use them again for limited
grazing, but it will always need to be carefully controlled both with respect to the grazing pressure imposed on
them, and the particular times of year when grazing should be permitted.
The alternative to constant cultivation of steep slopes is the introduction of better and more
productive land-use systems on the more favourable areas, and the re-establishment of useful pastures for
grazing on steep land. Not all steep land at present being cultivated needs to be reverted to range land. The
broadening of rotations, construction of some earthworks to reduce velocity of run-off and contour cultivation
could do much to stabilize these areas.
To eliminate cutting of trees and shrubs for charcoal and wood fuel requires the provision of
alternatives. Mineral fuels, provision of woodlots grown for the purpose and a more effective distribution of
natural gas could alleviate pressures on the natural vegetation.
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Obstacles to progress
What has so far prevented Iran from benefiting from the application of management in use of her
range and water resources? Why have past programmes supported by millions of dollars of foreign aid and the
best of intentions not been more effective? The answers to these questions are to be found in several factors
including: firmly established traditions, deficiencies in understanding, bottlenecks in the production line and
resistance to change. Together these form a formidable obstacle to progress. Although each of these factors
has been recognised, they have not generally been squarely faced as an essential part of the whole problem
requiring analysis and organized attack.
The most obvious of the problems may be summarized as: land ownership and tenure problems,
problems of tradition, lack of profit motive, and marketing problems.
What is being done?
FAO missions continue to be supported in Iran and many specialists are providing expertise on a
number of fronts. A relatively new trend is for the government of Iran to hire private consulting firms on
contract to prepare management plans for a circumscribed region such as a drainage basin. At present there are
at least three such firms under contract to the Ministry of Agriculture and Natural Resources. One of them is
an Australian firm and the others are from U.S.A. and France. These three firms are working on major drainage
basins on the southern slopes of the Elburz mountains in northern Iran. Each group is responsible for natural
resources inventory and for the preparation of an integrated plan for the management of the catchment.
Sociological and economic restraints have to be taken into account.
This whole-valley approach with due cognisance of the social restraints may serve to overcome some
of the difficulties outlined above and lead to a major breakthrough in rangeland restoration.
The nationalization of forests and rangelands has transferred the responsibility for management of
large areas of land to a government agency. There can be no value in such a change unless these areas are now
managed in the most efficient and satisfactory way to conserve their resources and serve the long term interests
of the country.
At present the country's soil and water resources are being mined and not conserved. It is not the
annual increment which is being harvested but their resources themselves; an operation which must have an end
point just as an oil well finally will be exhausted.
A lasting solution to the problem will only be found by treating the basic cause of the trouble - the
revegetation of the catchments and subsequently the application of correct management to retain stability.

SOIL CHEMICAL ANALYSIS - WHAT DO YOU WANT?
(by J. J ago to the W.A. Branch)
Mr. J ago showed that the Government Chemical Laboratory had made a considerable contribution to
the accumulation of knowledge of the soil of W.A. Examples of early soil testing and tissue analysis for
phosphorous and potassium were given while current work on the relationship between the response for
fertilizers to certain soil characteristics such as exchangeable basis and exchange capacity was described. Work
on the fractionation of certain minor elements, particularly copper, and its significance to attempts to develop
methods for soil testing of minor elements was discussed.
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THE FATE OF PESTICIDES IN SOIL AND SURFACE WATERS
(by J. Watson to the W.A. Branch)
Dr. Watson presented a comprehensive review of the factors affecting the accumulation and
microbial degradation of organic pesticides in soil and surface waters. Examples were taken from current
studies of 2,4-D degradation in Western Australian soil and rivers of the Darling Plateau. Dr. Watson considered
in some detail the rate of microbial breakdown of 2,4-D. Following the initial application^ short lag phase is
recognized and appears to represent a period of adaption, subsequent additions of 2,4-D were broken down and
no lag phase could be measured.

INTEGRATED SURVEYS
(by A.M.H. Riddler to the N.S.W. Branch)
The object of the study tour was to attend the Standard Course in Integrated Surveys given by the
ITC-UNESCO Centre for Integrated Surveys at Enschede, The Netherlands, to gain an insight into the problems
and techniques associated with the planning and execution of integrated surveys. This knowledge could then be
applied in multi-disciplinary teams engaged in carrying out multi-purpose surveys for Regional natural resource
development within the framework of National plans.
In discussing the training, Mr. Riddler emphasized the stress given to group discussions in the form
of case studies and to the execution of a practical survey project where every participant is responsible for the
planning, co-ordination and execution of that part of the project which falls within his discipline. Each
participant is required to co-operate in the production of the final report.
The word "survey" is understood to include not only the determination and cataloguing of resource
information concerning a specified region but also an analysis of its development potential and the derivation of
a set of recommendations (or plan) by which the available resources can best be utilized with reference to the
particular objectives.
Important characteristics of development orientated structural resource surveys include:
•

Limits in time, funds and objectives.

•

They are project orientated with project possibilities identified in the exploratory phase and
evaluated with increasing accuracy in the detailed and feasibility stages of the survey.

•

An investigation is planned with the next step in the development process in mind, and the
objective of each step is to provide information and justification for the next; the final step
being project implementation.

•

Information is gathered as rapidly and economically as possible and only that information
needed to satisfy the objectives of the study is collected.

•

A constant and systematic selection and rejection process is maintained, leading to decisions
to implementation of favourable projects and halting investigations as soon as there is
reasonable confirmation that a project is not feasible under present or foreseeable conditions.

Several phases in planning and execution of natural resource surveys are encountered which gives the
possibility of re-appraising the objectives and of the further actions needed on the basis of the findings obtained
during the preceding less intensive phases.
These phases include:
•

Pre-survey which answers the question does the project fit into the national development
pattern.
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•

Reconnaissance in which areas of potential development are identified.

•

Pre-feasibility studies and feasibility studies where data collection takes place and
priorities are fixed.

•

Detailed survey which gives a clear justification to the project.

Mr. Riddler then went on to describe the field study in the southern coastal region of Tunisia on
the island of Jerba and the oasis of Zarzis with particular reference to the studies Mr. Riddler undertook in soil
survey, terrain evaluation, erosion survey, present land utilization patterns and agricultural production and the
formulation of zones of development potential and recommendations in the light of natural, social and economic
constraints.
Mr. Riddler concluded by indicating that little integration of surveys by multi-disciplinary teams
could be foreseen in the absence of co-ordinated National, State and Regional Development planning agencies.

PRODUCTION POTENTIAL IN CEREAL CROPS - WHAT ROLE
DOES SOIL BIOLOGY PLAY?
(by A.D. Rovira to S.A. Branch)
A series of field trials involving fumigation of soil have been conducted in South Australia and
Victoria to assess to what extent the soil microflora influences the yield of wheat.
Trials in South Australia have shown yield increases of 10 to 75 per cent over control plots
following the fumigation of soil with chloropicrin or methyl bromide — chloropicrin in combination. Nitrogen
and phosphorus contents were both higher in grain from fumigated plots, the nitrogen content of the grain
was increased from 2.2 to 2.8% in Halberd following fumigation of the soil. This increase in the protein content
of the grain which was sufficient to place it into the "high protein" class may have resulted from —
(a)

the ammonium nutrition rather than nitrate nutrition for the first three months of the crop,

(b)

the higher levels of total available nitrogen (ammonium plus nitrate) which was maintained
throughout the growing season,

(c)

more effective use of the nitrogen throughout the profile.

Measurements of nitrate-N down the profile at the end of the season at Turretfield showed that
plants on untreated soil extracted the nitrogen to a depth of 35 cm. while in fumigated soil all nitrogen to
75 cm was used by the wheat crop.
In the drought year of 1972 when fumigated plots at Roseworthy College yielded 2470 kg ha"1
compared with 1740 kg ha-1 on untreated soil, measurements of water in the profile with the neutron moisture
meter showed that there was a greater extraction of water from the profile with the fumigation treatment.
At the Sea Lake (Victoria) trials yields were increased from 1020 to 4360 kg ha"1 following soil
fumigation and nitrogen fertilizer while nitrogen alone gave 1820 kg ha" 1 . These results in sandy mallee soil
at Sea Lake in which yields of 1600 kg ha"1 were obtained by nematode control alone but with nematode
control plus nitrogen the yield was 2610 kg ha"1 indicate the importance of interactions between root pathogens
and the leaching of nitrate down the profile. The maximum yield of 4360 kg ha"1 with fumigation plus nitrogen
indicates the potential productivity of this area in a wet year, especially when compared with the farm averages
for the district which ranged from 800 to 1090 kg ha"1 on similar soils.
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INFLUENCE OF WATER POTENTIAL OF SOILS AND PLANTS
ON DISEASES CAUSED BY FUNGI
(by R.J. Cook to S.A. Branch)
The influence of water potential on survival and disease-producing activities of pathogenic fungi can
be illustrated with work done in the Pacific Northwest, U.S.A., on Fusarium culmorum, cause of a dryland root
and foot rot of wheat. The fungus exists in soil as thick-walled chlamydospores that survive -800 bars soil
water potential for at least 3-4 months, probably longer. The chlamydospores germinate (in response to root
exudates or other sources of nutrition) uniformly well (60% in 24 hours) at all soil water potentials between
-0.5 and -60 bars. Chlamydospores also germinate, albeit slower, at water potentials down to -90 bars but not
lower. At lower potentials drier than -10 to -15 bars, the germlings survive and make prolific growth (so long
as nutrients are available) for 6-10 days in non-sterile soil. At water potential above -10 bars, on the other hand,
germ tubes lyse or the fungus forms new dormant chlamydospores at increasingly greater rates as the water
potential approaches zero. The failure to continue growing corresponds to the activity of soil bacteria which is
essentially prevented by -10 bars or lower soil water potential. This escape of antagonism from bacteria at low
water potentials is probably one important reason for the greater disease caused by this fungus in dry soils.
Low plant water potential is another and even more important factor favourable to this pathogen in
dry environments. The pathogen invades most or all wheat plants during tillering and before plant water stress.
However it apparently kills only those plants subsequently unable to avoid or tolerate stress. Unfortunately,
most current commercial wheats to date have been of the type that neither avoid nor tolerate low plant water
potentials (-35 to -40 bar by early dough stage) and in these, the Fusarium moves aggressively through their
tissues and causes prematurity plant blight. High soil nitrogen or plant densities aggravate the problem by
increasing the transpirational leaf area. Laboratory studies show that the optimal osmotic water potentials for
growth of F. culmorum at 30°C (common air temperature at crop heading) is -15 bars, and at 35°C, -28 bars.
The low water potentials measured under our field conditions are apparently unfavourable to the crop but not
to the fungus, whereupon an otherwise stable balance between plant and occupant is upset, in favour of the
occupant — and severe disease.
There are several club wheats that maintain relatively high leaf water potentials (-30 to -35 bars),
even under high evaporative demand and low soil water reserves; these are stress avoiders. A soft white common
cultivar (Luke) may be a stress tolerator; it develops low leaf water potentials (-35 to -40 bars) but matures late.
Both types are usefully resistant to the Fusarium and are now available for commercial production. Moreover,
there is a continuing strong move in the breeding program to select for ever better-adapted dryland wheats,
preferably of the type that tolerate water stress. Such wheats may provide a two-fold advantage of resisting
the Fusarium and also extracting more water from the soil profile, enabling them to yield more under low
rainfall conditions even in the absences of Fusarium.

SOIL MECHANICS IN AGRICULTURE
(by A.R. Dexter to the S.A. Branch)
The particular property discussed was the compression of unsaturated top soil. This is a gross
effect which has not received the amount of attention it deserves. In agricultural practice, soil is compressed by
the wheels of tractors and other heavy vehicles, by the passage of tillage implements, by treading by animals,
and by the growth of roots and other underground plant organs.
The studies on soil compression which were described fell into three categories. Firstly, the
variation of equilibrium soil density with applied pressure for remoulded soil samples; secondly, the time-dependence
of compression for remoulded and undisturbed samples; and thirdly, the compression of heaps of aggregates which
were idealized versions of those which occur in seed-beds. The samples were compressed by hydrostatic pressure
acting around the rubber membrane in which they were contained. Volume change was equated with the volume of
fluid exuded through a porous disc in contact with the sample, and this was recorded automatically by a piston
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connected to a linear displacement transducer. The confining pressure could be applied very rapidly for the study
of time-dependence of compression.
Equilibrium soil densities were measured by applying the pressure and waiting until the resulting
compression had, for all practical purposes, ceased. For the remoulded soils used, it was found that the usual voids
ratio versus logarithm of pressure relationship was inappropriate. A much better fit to the data was obtained when
the particle packing density was described by the sum of two exponentials having the hydrostatic pressure in their
exponents. It has been hypothesized that one of these exponential terms describes the mutual rearrangements of
individual mineral particles whereas the other describes the crushing of aggregations of those particles which were
formed as a result of the mechanical processes employed in preparing the samples.
The time required for compression of undisturbed samples is usually much greater than that for
remoulded samples, even when their densities and water contents are the same. A factor of seventy was measured
with one soil type. The range of soil compression times extends from 1CT3 to greater than 106 seconds. Soil
mechanical stressing in agricultural situations can occur over this same time range. Thus, a soil which can be
compressed easily by slowly growing roots may not be significantly compressed by rapidly moving wheels or
implements.
Idealized seed beds were compressed to study the phenomena which occur in highly structured soils.
Regular lattices of aggregates having a plastic consistency were compressed. By making some assumptions and
approximations, it had been possible to describe the compression behaviour in terms of the theory of plasticity.
When heaps of brittle aggregates were compressed, only half of the aggregates ruptured. The material from the
broken aggregates appeared to flow into the spaces between those which remained intact. An empirical equation
described this effect. With heaps of both plastic and brittle aggregates, the external hydrostatic pressure had been
measured in terms of the tensile yield stress of the basic aggregate material.

GROUNDWATER AND SALINITY CONTROL IN THE SHEPPARTON REGION
(Summary of Presidential address by A. Webster at the Annual meeting of Victorian Branch)
This talk outlined the causes and prevention of waterlogging and soil salinity in the Region.
Two types of waterlogging were distinguished. One was associated with very heavy rainfall in the
autumn, winter and spring when permeable surface soils overlying less permeable subsoils were saturated for
prolonged periods with disastrous consequences to sensitive crops such as peaches.
Near record rains of 1973 killed about 300,000 trees, some 30% of the total. Significant losses of
peach trees had now occurred six times in the last 40 years.
Losses would be prevented, or greatly reduced, by:
a)

planting only on soils recommended under the Department of Agriculture's Land Use Survey;

b)

provision of surface drainage;

c)

installation of tile drains where soils were suitable.

The second type of waterlogging, which was associated sooner or later with salinity symptoms, was
due to the rise of Regional groundwater levels. Available piezometric records indicate that groundwater levels
are now within 2 m of the surface in most of the intensively irrigated areas. Piezometric levels rose sharply
in 1973, aggravating the situation with existing shallow water tables. As a consequence, over 120 pear orchards
showed salinity effects ranging from slight scorch to defoliation and death of trees.
The precise mechanism of salting is not clear; it occurs in both Regional and perched water table
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situations. Also, in some damaged orchards no shallow water tables have been found. There was evidence of a
widespread concentration of salinity in the 0.3 m — 1.2 m layer in the heavier soil types, which predominate,
since the original soil surveys of the irrigation areas.
As a result of pilot trials, groundwater pumping is the preferred control method. However, the
geomorphology of the Region is complex and pumping is only partially effective in some areas. In a few
situations both tile drainage and pumping are required.
Until control of Regional groundwater levels is achieved, the salinity problem is likely to remain
chronic with increasingly heavy losses in abnormally wet years. Emergency short term measures, including the
hire of private irrigation groundwater pumps are in hand.

PHOSPHATE SORPTION IN SOILS
(Summary of Presidential Address by Dr. G. Lewis at the
Annual General Meeting of the S.A. Branch)
When soluble phosphates are brought in contact with soil, they usually suffer a decrease in solubility,
and some phosphate becomes associated with the soil particles. The fate of the phosphate depends on many
factors, varying widely from soil to soil and to some extent depending also on the nature of the soluble phosphate
added.
It has been usual to consider two main mechanisms by which the phosphate is "fixed",
i.e.

a)

precipitation of new or separate phases of simple or complex phosphates when the solubility products
are exceeded in the soil solution.

b)

retention of phosphate on the surfaces of various soil components, with no obvious formation of new
phosphate minerals. Although many mechanisms have been proposed to account for this removal
from solution, the overall process is commonly referred to as "sorption".
A further subdivision of the subject has commonly been made:-

On the one hand we consider soils in which the "fixation" is dominated by calcium compounds (or ions)
whether by precipitation, reversion or sorption. The other category considered includes those soils (usually with
pH < 7 ) where Fe and/or Al dominate the reactions. These acid soils have normally been studied more
extensively than the calcareous soils, particularly if sorption is of greater interest.
Many studies have been made of the changes in concentration of the soluble added phosphate in soil
systems or in model systems using pure, natural or synthetic samples of minerals known to exist in soils. The
range of concentration and phosphate type used in such experiments has been very extensive, from ppm levels
to molar concentrations or higher of highly soluble to relatively insoluble forms. High concentrations of soluble
phosphate such as these shown to occur in the immediate vicinity of a granule of fertilizer such as superphosphate
seem to be conductive to precipitation-type reactions rather than sorption, leading to residues of dicalcium phosphate
at the granule site and possibly formation of complex aluminophosphates of iron, manganese and alkali cations.
Although the TVA workers have shown that these products can be formed under lab conditions, their identification
or isolation from even heavily fertilized soils has not been possible.
Alan Smith in 1965 reviewed much of the literature on sorption by acid soils and tried to assess
which of the two proposed components (Fe or Al) was more important. A considerable weight of evidence can
be produced to suggest that Fe is more important; there is also much to suggest that Al is equally important, if
not more so. The big problem is to differentiate satisfactorily between the two. Direct evidence seems to be
lacking. The earliest attempt was the fractionation procedure of Chang and Jackson, which aimed to extract,
selectively, the four main fractions of soil P, water-soluble and loosely bound, Al, Fe and Ca phosphates.
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However, much argument has been generated as the relative amounts extractable from one soil vary with time and
so doubt has been cast on the true specificity of the extractants.
More generally, evidence for or against Fe or Al is indirect. Although the removal of Fe oxides by
chemical means (reduction or chelation or both) decreases the amount of phosphate sorbed, it has been shown that
these techniques frequently remove many other things besides iron oxides, e.g. an acid wash which aimed to remove
the FeS which can be produced during reduction treatments also dissolves appreciable amounts of Al. Citratebicarbonate-dithionite treatments result in appreciable Si and Al being dissolved as anions. Tweneboah showed that
treatment of a soil with N CaCI2 at pH 1.5 removed appreciable amounts of Al but very small amounts of Fe. The
amount of Al removed was often not large and only a small part of the total "free" Al, but the positive charge
characteristics of the treated sample were changed considerably, suggesting that "active A l " (sensitive to acid)
contributed heavily to the positive charge, particularly at low pH values, and hence (by implication) to sorption of
negative charged anions such as phosphate. Bromfield had shown that treatment of a sample with Na dithionite in
Na acetate buffer at pH 5 enabled all the "free" iron oxide to be removed, but the amount of Al brought into
solution was minimal. A combination of these two treatments seemed to show promise.
The changes in sorption characteristics of various soil samples following these treatments were shown
and discussed. Changes in other properties besides P sorption at constant pH were outlined; in particular the
effect of treatment on surface area of the treated samples was outlined and related to changes in sorption. Other
chemical treatments used to remove soil components were also investigated, e.g. H 2 0 2 to remove organic matter,
and Na 2 C0 3 treatment to enhance dispersion. The order in which the various extractive treatments were applied
was shown to influence the extent and nature of the changes in properties. This suggests that until the full extent
of the changes resulting from any of the chemical treatments can be evaluated the real significance of Fe or Al as
a major determinant of phosphate sorption by soils can not be appreciated. The influence of the concentration
of "indifferent" electrolyte in the solution during P sorption experiments was discussed and the need for
understanding and full control of the conditions of the experiment was stressed.

PERSPECTIVES IN SOIL EROSION
(by P.H. Walker to the A.C.T. Branch)
Soil erosion by flowing water was discussed under the headings: the significance of modern
(historical) erosion; rate of erosion — historical versus geological; scales of interest and methods of measuring
landscape denudation and soil erosion; research into processes of erosion by the CSIRO Division of Soil Sediment
Transport Group.
A review of soil erosion data published by the N.S.W. Soil Conservation Service showed that sheet
and gully erosion affected relatively large areas (12 and 19 per cent respectively) in central and eastern N.S.W.
Some increase in the area of gully erosion has occurred in recent years. This fact assumes a greater importance
when the volumetric aspects of soil removal in gully erosion are considered. Data from the U.S.A. loess belt
underline the importance of gully erosion in agricultural areas and the role very intense storms play in initiating
major erosional events.
Soil-geomorphology studies in Southeastern Australia have shown that severe erosion occurred
periodically during the late geological past. Both sheet and gully erosion were involved but data are not available
to indicate erosional rates. Time-average rates from selected sites in the U.S.A. indicate that erosion during late
geological time was at rates comparable with historical erosion of agricultural areas.
Measurements of erosional losses from continents and relatively large watersheds are usually made by
monitoring river channels. Small watersheds are monitored from structures placed across drainage lines. Neither
method, however, is guaranteed to reliably measure erosion occurring on hillslope terrain. Considerable problems
exist in obtaining useful information about erosion across small segments of hillslope.
A facility has been established at the CSIRO Soils Laboratory, Canberra, for research into the
processes of detachment, transport and deposition in thin water flows. A versatile experimental system is
available for a wide range of overland flow conditions on slopes up to 18° with rainfall impacting the flow.
Research has begun on erosion under high energy conditions (= intense rainstorms) in which the critical conditions
for bed load movement and initiation of erosion gullies are being observed.
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