1. Introduction

Trace element supplementation of grazing animals
and pastures has produced  spectacular
improvements in the productivity of sheep, beef and
dairy enterprises in Victoria. This fact is widely
known to farmers, and interest in the use of trace
elements is further stimulated by suppliers of a wide
range of trace element remedies, licks, mineral
additions and fertilisers.

Indeed there is a tendency among farmers and
others to assume that if pastures or livestock are not
thriving, then the cause must be trace mineral
deficiency. Such an assumption can be quite
misleading. Compared with other soil fertility
problems, drought, underfeeding and parasitism,
trace element deficiencies are not the major cause
of unsatisfactory productivity of pastures and
grazing animals in southern Australia.

It is essential that pasture or animal problems be
investigated by professional advisers skilled in the
mineral requirements of pastures and livestock and
supported by competent field and analytical
laboratory backing.

1.1 Mineral requirements of livestock

Minerals required by livestock are classified as
either macrominerals or trace elements, on the basis
of the quantities required.

The macrominerals (average daily requirement in
gram amounts per head) are needed for structural
purposes (calcium, phosphorus, sulphur), in the
maintenance of osmotic and acid-base balance
(sodium, potassium, chlorine) and as contributors to
energy transfer, nerve impulse transmission, and
normal enzyme activity (potassium, calcium, mag-
nesium, phosphorus).

The trace elements (average daily requirement in
microgram amounts per head) act primarily as
catalysts in enzyme systems. They function either
as co-factors (manganese) or by contributing
structurally and functionally to the activities of
enzymes (zinc, copper, molybdenum, selenium),
hormones (iodine) or vitamins (cobalt).

It is important to note that while the information
published in textbooks and requirement statements
(ARC 1980, Grace 1983, NRC 1978, Underwood
1981), summarised in table 1.1, is useful for pre-
paring feed mixtures, it is really of limited use in
assessing the mineral nutrition of grazing animals.
Neither the actual amounts ingested, nor the
availability of the minerals in the diet, can be
predicted with sufficient accuracy. Seasonal
changes in pasture growth and mineral composition,
selective grazing, and pasture shortages due to
drought or high stocking rates, make it difficult to
predict mineral intake in extensive grazing
situations.
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Table 1.1: Recommended minimum element
concentrations in pasture dry matter for grazing
cattle and sheep*

Cattle  Sheep
Macrominerals g/kg g/kg
Calcium 3.5 3.0
Phosphorus 3.0 2.0
Sodium 15 1.0
Chlorine 2.0 1.0
Potassium 5.0 45
Sulfur 15 2.0
Magnesium 1.5 1.0
Trace elements mg/kg mg/kg
Iron 40 40
Zinc 25 20
Manganese 25 25
Copper? 5t012 5
Cobalt 0.10 0.10
lodine 0.50 0.50
Molybdenum 0.10 0.10
Selenium 0.05 0.05

! Based on data presented by the ARC (1980), Grace
(1983), NRC (1978), Underwood (1981) these amounts
represent the average requirements for growth, pregnancy
or lactation, in grazing livestock.

2 Copper requirements are strongly affected by the
concentrations of molybdenum, sulphur and iron.

1.2 Tests to assess trace element nutrition in
livestock

A range of laboratory tests has been developed to
provide a practical means for assessing the trace
element nutrition of pastures and grazing animals.

Biochemical tests on diets (pasture and
supplements), body fluids (blood, urine, saliva) and
tissues (liver, bone) have been devised for the
assessment of nutritional status of livestock.

It is important to emphasise that these biochemical
tests assist in the determination of trace element
nutrition, but are not substitutes for the traditional
approach of investigating broader health and
production problems which may be more important.

A definitive diagnosis can be made only from
measured improvements in health and production of
animals following supplementation. However,
carefully controlled response trials cannot always be
conducted on farms and predictions of likely benefits
from supplementation may have to be based on
information relating production responses to the
results of biochemical tests of nutritional status.

A range of biochemical indicators (table 1.2)
provides a practical means for assessment of trace
element status of animals in a flock or herd. These
indicators and their values are tabulated in the
chapter on each trace element.



Intake

N‘

a T

&Y N‘*" ts" W Ay

Table 1.2: Recommended biochemical
indicators for detection of trace
element deficiencies in livestock

Mineral
Copper

Component

Liver copper

Plasma copper and
ceruloplasmin

Erythrocyte copper and
superoxide dismutase
Dietary copper, molybdenum,
sulphur

Liver vitamin B12

Plasma vitamin B12

Dietary cobalt

Blood glutathione peroxidase
Liver selenium

Dietary selenium

Milk iodine

Thyroid iodine content
Dietary manganese

Plasma zinc

Dietary zinc

Cobalt

Selenium

lodine

Manganese
Zinc

1.3 Mineral requirements for pasture
production

At least 15 mineral elements are considered to be
essential for plant growth.

The macrominerals (present in g/kg concentrations)
are nitrogen, phosphorus, potassium, calcium,
magnesium, sodium, chlorine and sulfur.

The trace elements (present in  mg/kg
concentrations) include manganese, iron, copper,
zinc, molybdenum, boron and cobalt (Grace 1983).
Stimulation of growth has been reported for
aluminium, arsenic, chromium, fluorine, iodine,
lithium, selenium and titanium, but the evidence is
generally inconclusive and most of these elements
are more commonly known for their toxicity to plants
(Sauchelli 1969).

While the roles of the macrominerals in the
physiology of plants is generally well understood,
those of the trace elements is much less so. Plants
require minerals for protein synthesis (nitrogen,
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sulfur), structural purposes (calcium, magnesium,
boron), photosynthesis (magnesium, iron,
manganese, molybdenum, chlorine), energy transfer
(phosphorus), enzyme activity (potassium, calcium,
magnesium, copper, zinc, molybdenum), cell turgor
and cation-anion balance (potassium, calcium,
magnesium, sodium, manganese) and nitrogen
fixation in legumes (molybdenum, cobalt, iron).

The minimum concentrations of minerals in plants
required for maximum growth have been determined
for many elements using nutrient solution culture
(Chapman 1966, Loneragan and Snowball 1969,
Asher and Ozanne 1967). However, these
concentrations may be considerably lower than those
required for optimum vyield in the field (table 1.3).
Plants in solution culture do not have to overcome
the effects of various environmental stresses such as
high manganese, salt and low oxygen in the root
zone, high transpiration rates and grazing pressure
as occurs in the field.

Different plant species and cultivars have different
requirements for a mineral. Soil deficiencies can
therefore influence the botanical composition of
pastures as well as their productivity.

Table 1.3: Minimum element concentrations in
whole tops of subterranean clover for its
optimum growth

Trace element mg/kgDM
Zinc 14
Manganese 25
Copper 6

Cobalt 0.04
Molybdenum 0.5

1.4 Tests to assess trace element levels in
pastures

Soil and plant tests can be useful aids in the
formulation of fertiliser recommendations to improve
pasture growth.

Soil testing attempts to represent the quantity of
element that is readily available to the plant.
Laboratories around the world use different soil test



methods.

To be useful the soil tests must have been calibrated
with growth responses in local field trials because of
likely soil and other environmental differences. For
elements such as potassium and phosphorus,
departmental soil testing methods have been found
to be quite useful; but soil testing has not been useful
for most other elements, particularly the trace
elements.

The small concentrations and the variety of chemical
forms of trace elements in the soil, plus the
multiplicity of factors that may affect their availability
to plants, make soil tests for trace elements very
difficult to interpret. For example, soil copper analysis
is no longer available from this Department because
research over many years indicated that the
correlation between soil copper (EDTA Cu) and
copper deficiency in both pastures and livestock was
poor (Conley 1983). Many private laboratories
continue to offer these analyses.

Plant tissue analysis is more useful than soil testing
in the assessment of the trace element status of both
plants and animals. Minerals are normally measured
as total elements, thus making the testing itself
relatively easy. For some elements however, such as
selenium, cobalt and molybdenum, whose
concentrations are normally very low, inadequate
sensitivity in detection and soil contamination have
been problems.

Appropriate and representative sampling of both soils
and plants is essential. High fertility patches or other
abnormal areas should be avoided when sampling
soil and pasture. An adequate number of soil cores
and standardisation of depth of soil sampling are
important factors affecting the interpretation of
results. Specific sampling of areas of poor pasture
growth or of particular plant species or plant parts,
perhaps at a critical time of the year, may be
required. Recent studies on the critical
concentrations of trace elements in plants have
highlighted the mobility of minerals within plant
tissues; it has been recommended that only the
youngest fully open leaf (YFOL) of a particular
species should be sampled for some trace element
analyses.

Analysis of mixed herbage, representing what the
animals are eating, will be more useful than testing a
selected plant species when assessing the nutrition
of grazing animals.

1.5 Definitions, units and abbreviations
The concentrations of trace elements in the diet,

blood, liver or milk are quoted on a weight basis
(mg/l; mg/kg) or a molar basis (mmol/I; mmol/kg).

kg = kilogram (1000 gram)

mg = milligram (1/2000 g)

ug = microgram (1/2000 mg)

ng = nanogram (1/2000 ug)
= litre

ml = millilitre (1/20001)

©)

ppm = parts per million = mg/kg

mol = mole = atomic mass in grams

mmol | = millimole (1/2000 mol)
U = units of enzyme activity

Conversion of values from a weight basis to a molar
basis is done by dividing the weight values by the
atomic mass of the trace element, as in the

following equation:

L/kg =mmol/kg

atomic mass
Analysis of plant and animal tissues is usually given
on a dry matter basis (mg/kg DM). With animal tissue
the analysis is sometimes given on a wet basis
(mg/kg wet weight).

Atomic masses and chemical symbols which may be
useful in this review are shown in table 1.4.

Table 1.4: Chemical symbols and atomic
mass for each of the elements discussed in

this review
Aluminium (Al) 26.9 Iron (Fe) 55.8
Boron (B) 10.8 Manganese (Mn) 54.9
Cobalt (Co) 58.9 Molybdenum (Mo) 95.9
Copper (Cu) 63.5 Selenium (Se) 78.9
lodine (1) 126.9 Zinc (Zn) 65.4

Range of normal values

Most government and private laboratories will provide
a reference range of values representing deficient,
marginal or adequate concentrations for the assays
they use. For this review, deficient and marginal are
described as follows:

Deficient indicates depleted reserves associated with
impairment of biochemical or physiological
processes; response to treatment may be expected.

Marginal indicates reduced reserves only; economic
responses to treatment are likely only if there is a
further period of deficiency.

Soil pH

There are several methods of assessing soil pH. All
measurements of soil pH referred to in this review
have been on 20 g soil in 100 ml water (1:5).

References

ARC (Agricultural Research Council) (1980) The
nutrient requirements of ruminant livestock.
Commonwealth Agricultural Bureaux, Farnham
Royal, Slough, England

Asher, C.J. and Ozanne, P.G. (1967) Growth and
potassium content of plants in solution cultures
maintained at constant potassium concentrations.
Soil Science 103:155-161.

Chapman, H.D. (1966) Diagnostic criteria for plants
and soils. University of California, Division of
Agricultural Sciences.

Conley, D.N. (1983) The relationship between
pasture copper and E.D.T.A. - extractable soll
copper in Victoria. Department of Agriculture,



Victoria. Research Project Series No. 156.

Grace, N.D. (1983) The mineral requirements of
grazing ruminants. Occasional Publication No. 9.
New Zealand Society of Animal Production.

Loneragan, J.F. and Snowball, K. (1969) Calcium
requirements of plants. Australian Journal of
Agricultural Research, 20:465-478.

NRC (National Research Council) (1978) "Nutrient
Requirements of Dairy Cattle". 5th revised Edn.
National Academy of Sciences, Washington.

Sauchelli, V. (1969) "Trace Elements in Agriculture".
Van Nostrand, New York.

Underwood, E.J. (1981) "The Mineral Nutrition of
Livestock”, 2nd Edn. Commonwealth Agricultural
Bureaux, Farnham Royal, Slough, England.

4



137

138

139

140

141

142

143

144

145

146

147

requirements of pasture on the mountain soils of
East Gippsland. In "Development and Uses of
Pastures in the Mountain Areas of East Gippsland".
Department of Agriculture, Victoria, Pasture Branch
Bulletin No. 1, pp. 13-16.

(Cu, Mo)

Hamilton, L.J. (c. 1974) Molybdenum copper and
zinc requirements of pasture on the coastal soils of
East Gippsland. In "Development and Use of
Dryland Pastures in the Coastal Areas of East
Gippsland , Department of Agriculture, Victoria,
Pasture Branch Bulletin No. 2, pp. 16-20.

(Cu, Mo, Zn)

Hamilton, L. (1982) Trace element responses of the
coastal soils of East Gippsland. In "Trace Element
Review papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(B, Cu, Mo, Zn)

Hamilton, L. (1982) Nutrient status of soils in
Northern East Gippsland, and response to boron by
lucerne on granitic mountain soils: A Comment. In
"Trace Element Review papers, 1982". Agricultural
Services Library, Department of Agriculture,
Victoria.

(B, Cu, Mo)

Hancock, G.A. (1982) Investigations into beef calf
chronic scouring, Deans Marsh 1981. In "Trace
Element Review papers, 1982". Agricultural
Services Library, Department of Agriculture,
Victoria.

(Cu, Se)

Hanrahan, P. and McDonald, J. (1982) Effect on
production and blood mineral levels of mineralised
salt licks fed to Merino weaner sheep on the
Strathbogie granitic massif. In "Trace Element
Review papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Co, Cu, |, Se, Zn)

Hardefeldt, K.W. Ovine infertility investigations,
Balmoral 1977-78. In "Trace Element Review
papers, 1982 . Agricultural Services Library,
Department of Agriculture, Victoria.

(Cu, Se, Vit B12)

Hardefeldt, K.W. (1978) Selenium response trials,
Melville Forest 1977-78. In "Trace Element Review
papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Se)

Hardefeldt, K., Halpin C. and Caple, I. (1982)
Vitamin B12 and cobalt supplement trial with lambs,
Cashmore 1977-78. In "Trace Element Review
papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Co, Vit B12)

Harris, D.J. (1970) Weaner illthrift copper glycinate
trial, Port Campbell 1970. In "Trace Element Review
papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Cu)

Harris, D. (1982) Effect of selenium—copper
treatment on growth rate of dairy heifers,
Timboon 1981-82. In "Trace Element Review
papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Cu, Se)

Harris, D.J. (1982) Cobalt, selenium and copper
trace element deficiencies among dairy cattle at

(60)

148

149

150

151

152

153

154

155

156

157

158

Cooriemungle, South-Western Victoria, 1976-82.
In "Trace Element Review papers, 1982".
Agricultural Services Library, Department of
Agriculture, Victoria.

(Co, Cu, Se, Vit B12)

Harris, D.J. (1983) Suspected zinc deficiency in
dairy calves—Allansford, Boorcan and
Heytesbury, 1965-83. In "Trace Element Review
papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Zn, Vit E)

Harrison, M.A. (1982) Investigation of suspected
copper deficiency in cattle at Boorhaman, N.E.
Victoria 1977. In "Trace Element Review papers,
1982". Agricultural Services Library, Department
of Agriculture, Victoria.

(Cu, Zn)

Heath, L. (1963) Trace element investigations in
Western Victoria. In "Trace Element Review
papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Co, Cu, Mo, Se, Vit D)

*Helyar, K.R. (1979) Sensitivity of principal
pasture and crop species to soil acidity with
particular reference to aluminium and manganese
toxicity, hydrogen ion concentration, calcium and
molybdenum deficiency. In "Workshop on Acid
Soils" papers 1979. Biological and Chemical
Research Institute, Rydalmere. Department of
Agriculture, N.S.W.

(Al, Cl, Mg, Mn, Mo, Na)

Hexter, G.W. (1958) Trace element experiments
in North-Eastern District pastures. Journal of the
Department of Agriculture, Victoria, 56:345-351.
(Cu, Mo)

Hirth, J. (1982) Molybdenum requirements of
subterranean clover, Rutherglen 1980-81. In
"Trace Element Review papers, 1982".
Agricultural Services Library, Department of
Agriculture, Victoria.

(Mo)

Hogg, R. (1963) Boron deficiency in lucerne.
Pasture Branch Conference Notes, 1963. In
"Trace Element Review papers, 1982".
Agricultural Services Library, Department of
Agriculture, Victoria.

(B, Mn)

Hosking, W.J. (1957) Trace elements in the West
Gippsland Region. Journal of the Department of
Agriculture, Victoria, 55:205-212.

(B, Cu, Mn, Mo, Zn)

Hosking, W.J., Bissett, D.l. and Bardsley, J.B.
(1961) Pasture topdressing trials in South
Gippsland; Toora series—1960. Journal of the
Department of Agriculture, Victoria, 59:382-884.
(B, Cu, Mg, Mn, Mo, Zn)

Hubble, 1.B. (1981) Trial shows interesting
information on iodine concentration in milk.
Australian Milk Manufacturers Technologists
Association Newsletter, No. 15, p. 10.

0]

Hucker, D.A. (1982) Nutritional problems in the
"Sharlea" (Housed, superfine wool) sheep industry.
In "Australian Advances in Veterinary Science",
1982. M.G. Cooper, Ed., Australian Veterinary
Association, Artarmon N.S.W. pp. 213-215.

(Cu, Vit E)



159

160

161

162

163

164

165

166

167

168

169

170

Hucker, D.A. (1983) White muscle disease in sheep
in the Western District during the drought of 1981-
83: Use of vitamin E treatments. In "Trace Element
Review papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Se, VitE)

Hudson, R. (1982) Ceruloplasmin stimulation and
copper deficiency. In "Trace Element Review
papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Cu)

Hudson, R. and Neilan, M. (1982) Effect of injection
with copper on performance of dairy cows. In "Dairy
Production Research Report, 1981". Department of
Agriculture, Victoria.

(Cu, Mn, Mo, Zn, Vit B12)

Isaac, J. (1982) Alopecia in calves with suspected
zinc deficiency, Dandenong District, 1981. In "Trace
Element Review papers, 1982". Agricultural
Services Library, Department of Agriculture,
Victoria.

(2Zn)

Jerrett, I. and Malecki, J. (1980) Thyroxine and
infertility in the Foster-Welshpool Locality. In "Trace
Element Review papers, 1982". Agricultural
Services Library, Department of Agriculture,
Victoria.

(Cu, |, Vit B12)

Jerrett, 1. (1981) Pasture related staggers
syndromes in Gippsland. In "Trace Element Review
papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Co)

Jessop, R.S. and Tuohey, C.L. (1973) Zinc is
essential for Wimmera and Mallee crops and
pasture. Journal of the Department of Agriculture,
Victoria, 71:273-274.

(zn)

Jones, H.R. (1982) Aluminium toxicity in sub-clover-
Levels of aluminium in Victorian soils. In "Trace
Element Review papers, 1982". Agricultural
Services Library, Department of Agriculture,
Victoria.

(Al)

* Kamprath, E.J. (1978) Lime in relation to
aluminium toxicity in tropical soils. In "Mineral
Nutrition of Legumes in Tropical and Subtropical
Soils". C.S. Andrew and E.J. Kamprath, Eds.
C.S.I.LR.O. Melbourne, Victoria, pp. 233-245.
(Al, Mg, Mn)

Karunajeewa, H. (1982) Nutritional value of
Hamburg lupins for laying hens. In "Quarterly
Progress Report, May 1982", State Coordinating
Council Victoria. Also in: "Trace Element Review
papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Mn)

Kehoe, J.K. and Curnow, B. (1963) Root growth of
subterranean clover on some acid sandy soils in
Victoria. Australian Journal of Experimental
Agriculture and Animal Husbandry, 3:11-16.

(A))

Lamp, C.A. (1973) Trace elements in plants. In
"Trace Element Disorders of Livestock".
Proceedings of Symposium. Latrobe University,
Victoria.

(Co, Cu, Mo)

(61)

171

172

173

174

175

176

177

178

179

180

181

182

183

Larsen, J. (1982) Trace elements: Ballarat
Veterinary District. In "Trace Element Review
papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Co, Cu, I, Mo, Se, Vit A, Vit B12, Vit D, Vit E)

Lear, D.M. (1973) The effect of copper and
selenium administration on the growth rate of
weaner sheep during the summer and autumn,
Trawalla 1972. In "Trace Element Review papers,
1982". Agricultural Services Library, Department of
Agriculture, Victoria.

(Cu, Se)

Leaver, D.D. (1981) Copper and magnesium
metabolism in sheep and cattle. In "Mineral Nutrition
of Pasture, Sheep and Cattle". Proceedings of
Seminar. Victorian Farmers and Graziers
Association, and Department of Agriculture, Victoria.
Sponsored by Australian Estates Co. Ltd., Seymour,
May 1981. Also in "Trace Element Review papers,
1982". Agricultural Services Library, Department of
Agriculture, Victoria.

(Cu, Mo)

Leeper, G.W. (1967) 'Introduction to Soil Science".
Melbourne University Press. 4™ Edition: pp. 206-
209.

(B, Co, Cu, Fe, Mn, Mo, Zn)

Leeper, G.W. (1970) "Six Trace Elements in Soils".
Melbourne University Press.
(Co, Cu, Fe, Mn, Mo, Zn)

* Lewis, G. (1982) Copper deficiency in sheep.
Sheep Veterinary Society Notes. British Veterinary
Assaociation.

(Cu)

Lewis, R. (c. 1971) Pasture sampling for copper.
Cresco Fertilisers, Ltd. Multilith Series. In "Trace
Element Review papers, 1982". Agricultural Services
Library, Department of Agriculture, Victoria.

(Cu, Mo)

*Loneragan, J.F. and Snowball, K. (1969) Calcium
requirements of plants. Australian Journal of
Agricultural Research, 20:465-478.

* Loneragan, J.F., Robson, A.D. and Graham, R.D.,
Eds. (1981) "Copper in Soils and Plants". Academic
Press, New York, Sydney.

(Cu, Mn, Mo, Zn)

Love, K. and Noble, P. (1982) The influence of
iodine on lamb survival, Birregurra 1981. In "Trace
Element Review papers, 1982". Agricultural
Services Library, Department of Agriculture,
Victoria.

0]

McBeath, N. (1977) The response of dairy cows in
early lactation to copper injection after calving,
Heytesbury 1977. In "Trace Element Review
papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Cu, Mo)

McCaughan, C.J. (1979) Mineral response trial in
lambs, Coleraine 1978. In "Trace Element Review
papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Co, Cu, Se, Vit B12)

McCaughan, C.J. (1980) Copper-cobalt-selenium
supplementation trials on lambs, Pound Creek
1980. In "Trace Element Review papers, 1982".
Agricultural Services Library, Department of
Agriculture, Victoria.



(Co, Cu, Se, Vit B12)

184 McDonald, J.W. (1975) Selenium-responsive

185

186

187

188

189

190

191

192

193

194

unthriftiness of young Merino sheep in Central
Victoria. Australian Veterinary Journal, 51:433-435.
(Se)

McDonald, J.W. and Caple, LW. (1977) The
occurrence and distribution of selenium-responsive
disorders in Australasia-Victoria. In "Selenium in
Australian Agriculture”, Workshop papers.
C.S.I.LR.O. Division of Plant Industry, Canberra,
February 1977. (Also in "Trace Element Review
papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.)

(Co, Cu, Se)

McDonald, J.W. (1980) A trial on cobalt deficiency in
sheep, Ruffy 1980. In "Trace Element Review
papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Co, Vit B12)

McDonald, J.W. (1981) Deficiencies of trace
elements in grazing animals. In "Mineral Nutrition of
Pasture, Sheep and Cattle". Proceedings of
Seminar. Victorian Farmers and Graziers
Association, and Department of Agriculture, Victoria.
Sponsored by Australian Estates Co. Ltd., Seymour,
May 1981. Also in "Trace Element Review
papers,1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Co, Cu, |, Se)

McDonald, J.W. and Mahoney, G. (1982) Copper
treatment of beef cattle in relation to blood
ceruloplasmin, liver copper history, soil and pasture
copper and molybdenum levels in N.E. Victoria,
1972. In "Trace Element Review papers, 1982".
Agricultural Services Library, Department of
Agriculture, Victoria.

(Cu, Mo)

McKenzie, R.M. (1966) The relation of laboratory
analyses for copper, zinc and molybdenum in some
Victorian soils to the results of field trials. Australian
Journal of Experimental Agriculture and Animal
Husbandry, 6:170-174.

(Cu, Mo, Zn)

* McLachlan, K.D. (1953) Effects of lime and copper
on subterranean clover grown on acid soil.
Australian Journal of Agricultural Research, 4:151-
159.

(B, Cu, Fe, Mg, Mn, Mo, Zn)

McLachlan, K.D. (1955) Phosphorus, sulphur and
molybdenum deficiencies in soil from Eastern
Australia in relation to nutrient supply and some
characteristics of soil and climate. Australian
Journal of Agricultural Research, 6:673-684.
(Mo)

* McLaren, R.G., Purves, D., MacKenzie, E.J. and
MacKenzie, C.G. (1979) The residual effect of
pasture cobalt application on some soils in South-
East Scotland. Journal of Agricultural Science,
93:509-511.

(Co, Fe, Mn)

McOrist, S. (1982) White liver disease of sheep in
Eastern Victoria. In "Trace Element Review papers,
1982". Agricultural Services Library, Department of
Agriculture, Victoria.

(Co)

McOrist, S., Hudson, R., McCaughan, C. and
Savage, G. (1982) Investigation into occurrence of

(62)

195

196

197

198

199

200

201

202

203

204

205

manganese deficiency in stock in South Gippsland.
II: Liver levels of manganese in beef and dairy
calves. In "Trace Element Review papers, 1982".
Agricultural Services Library, Department of
Agriculture, Victoria. (See Bibl. ref: Savage, 1982 for
Paper I).

(Mn)

*MacPherson, A. (1981) Field studies with trace
element metering device. In. "Trace Element
Metabolism in Man and Animals, 4". (J.McC. Howell,
J.M. Gawthorne and C.L. White, Eds.) pp.175-178.
Australian Academy of Science, Canberra.

(Co, Cu, Mo)

McQueen, D.S. (1959) Mortalities in sheep
associated with trace element treatment of pasture
Victorian Veterinary Proceedings, 18:52.

(Co, Cu, Mo)

McQueen, D.S. (c. 1971) Livestock problems
associated with copper deficiency. In "Trace
Element Review papers, 1982". Agricultural
Services Library, Department of Agriculture,
Victoria.

(Cu, Mo)

McRae, C. (1982) Trace element investigations in
the Leongatha District, 1981. In "Trace Element
Review papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Cu, Mo)

Mabher, K.J. (1973) The effect on growth of sub-
clinical mineral deficiencies in livestock
(Ruminants): Cu, Co, Mo, Se, others? In "Trace
Element Disorders of Livestock". Proceedings of
Symposium. Latrobe University, Victoria.

(Co, Cu, Mo, Se)

Mahoney, G. (1977) Prepare now to sow lucerne in
spring. (Benalla District Notes, February 1977).
Journal of the Department of Agriculture, Victoria,
75(2): 66-67.

(Al, Mn, Mo)

Mahoney, G.P., Jones, H.R. and Hunter, J.M.
(1981) The effect of lime on lucerne in relation to
soil acidity factors. Proceedings of the 14th
International Grassland Congress, Lexington,
Kentucky 1981, p. 124. Also in "Trace Element
Review papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Mn)

Mahoney, G.P. (1982) Soil acidity: The effect of
aluminium and manganese on sub-clover and
lucerne. In "Trace Element Review papers, 1982".
Agricultural Services Library, Department of
Agriculture, Victoria.

(Al, Mn, Mo)

Mahoney, G.P. (1982) Aluminium and manganese
toxicities. In "Trace Element Review papers, 1982".
Agricultural Services Library, Department of
Agriculture, Victoria.

(Al, Mn)

Mahoney, G.P. (1982) Effect of lime on levels of
copper and molybdenum in lucerne herbage. In
"Trace Element Review papers, 1982". Agricultural
Services Library, Department of Agriculture,
Victoria. (Cu, Mo)

Margetts, S.W., Stubbs, A. and Newman, R.J.
(1961) Pasture improvement in the Shire of
Portland. Journal of the Department of Agriculture,
Victoria, 59(5):225-231.



206

207

208

209

210

211

212

213

214

215

216

217

218

219

(Cu, Mg, Mo, Zn)

Margetts, S.W., Stubbs, A. and Newman, R.J.
(1961) Pasture development on coastal limestone
soils. Journal of the Department of Agriculture,
Victoria, 59:267-273.

(Co, Cu, Mo, Zn)

Margetts, S.W. (c. 1964) Copper in Victorian
pastures and animal health. Grassland Society of
Victoria, Bulletin No. 6, Plant Nutrition Series. In
"Trace Element Review papers, 1982". Agricultural
Services Library, Department of Agriculture,
Victoria.

(Co, Cu, Mo, Zn)

Martin, M. (1982) Trace element requirement of
irrigated pastures in the Shepparton Region:
Results of experiments, 1954-56. In "Trace Element
Review papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(B, Cu, I, Mn, Mo, Zn)

* Mason, M.G. and Gartrell, J.W. (1972) Symptoms
of nutrient deficiencies in rape. Journal of the
Department of Agriculture, Western Australia,
13(2):49-52.

(B, Cu, Fe, Mg, Mn, Mo, Zn)

* Mason, R.W. (1976) Milk iodine content as an
estimate of the dietary iodine status of sheep. British
Veterinary Journal, 132:374.

0]

*Masters, D.G. and Somers, M. (1980) Zinc status
of grazing sheep: Seasonal changes in zinc
concentrations in plasma, wool and pasture.
Australian Journal of Experimental Agriculture and
Animal Husbandry, 20:20-24.

(2Zn)

* Masters, D.G. and Fels, H.E. (1980) Effect of zinc
supplementation on the grazing performance of
grazing Merino ewes. Biological Trace Element
Research, 2:281-290.

(zn)

Mill, G G. (1982) Selenium trials with ewes,
Birregurra 1977-78. In "Trace Element Review
papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Se)

Millikan, C.R. (1938) A preliminary note on the
relation of zinc to disease in cereals. Journal of the
Department of Agriculture, Victoria, 36:409.

(Zn)

Millikan, C.R. (1940) Zinc requirement of wheat: The
effect of superphosphate. Journal of the Department
of Agriculture, Victoria, 38:135-136.

(Mn, Zn)

Millikan, C.R. (1942) Symptoms of zinc deficiency in
wheat and flax. Journal of the Australian Institute of
Agricultural Science, 8:33-35.

(Zn)

Millikan, C.R. (1948) Antagonism between
molybdenum and certain heavy metals in plant
nutrition. Nature, 161 (4092):528.

(Co, Cu, Fe, Mn, Mo, Ni, Zn)

Millikan, C.R. (1953) Relative effects of zinc and
copper deficiencies on lucerne and subterranean
clover. Australian Journal of Biological Science,
6:164-177.

(Cu, Zn)

Millikan, C.R. (1953) Subterranean clover:

(63)

220

221

222

223

224

225

226

227

228

229

230

231

232

Symptoms of nutritional disorders. Journal of the
Department of Agriculture, Victoria, 51:215-225.
(B, Cu, Fe, Mn, Mo, Zn)

Millikan, C.R. (1956) Relative effects of nutrient
deficiencies on subterranean clover and lucerne.
Proceedings of the Australian Plant Nutrition
Conference. Melbourne University. February-March
1956, 1:96-101.

(B, Cu, Fe, Mn, Zn)

Millikan, C.R. (1958) Nutrient deficiency symptoms
in lucerne and some pasture legumes. Journal of
the Department of Agriculture, Victoria, 56(8):511-
531.

(B, Cu, Fe, Mn, Zn)

Millikan, C.R. (1963) Effects of different levels of
zinc and phosphorus on the growth of subterranean
clover. Australian Journal of Agricultural Research,
14:180-205.

(Zn)

Millikan, C.R. (1968) "Symptoms of nutritional
disorders of some pasture legumes . In: "Irrigated
Pastures". K. Garland, Ed. Department of
Agriculture, Victoria. Government Printer,
Melbourne. Chapter 27, pp. 245-251.

(B, Cu, Fe, Mn, Mo, Zn)

* Mills, C.F. (1975) Copper deficiency in cattle. In
"Copper in Farming", Symposium Papers, U.K.
(Cu, Mo)

* Mills, C.F. (1981) Cobalt deficiency and cobalt
requirements of ruminants. In "Recent Advances
in Animal Nutrition, 1981". U. Haresign. Ed.
p.129-141.

(Co, Vit B12, Vit E)

Mitchell, P.J. (1979) Studies on ovine white liver
disease in East Gippsland. Victorian Veterinary
Proceedings 37:30.

(Co, Cu, Se, Vit B12)

Mitchell, P.J., McOrist, S., Thomas, K.W. and
McCausland, I.P. (1982) White liver disease of
sheep. Australian Veterinary Journal, 58:181-184.
(Co, Cu, Vit B12)

Mount, J. and Churchley, R. (1982) Trace
elements research results, Central Gippsland. In
"Trace Element Review papers, 1982".
Agricultural Services Library, Department of
Agriculture, Victoria.

(Cu, Mo, Zn)

* Mylrea, P.J. and Byrne, D.T. (1974) An outbreak
of acute copper poisoning in calves. Australian
Veterinary Journal, 50:169-171.

(Cu)

Napthine, D. (1982) Selenium trial on ewe
weaners, Hamilton 1982. In "Trace Element
Review papers, 1982". Agricultural Services
Library, Department of Agriculture, Victoria.
(Se)

Napthine, D. and Knee, B. (1982) Cobalt
supplementation in cattle, Mumbannar 1979. In
"Trace Element Review papers, 1982".
Agricultural Services Library, Department of
Agriculture, Victoria.

(Co, Vit B12)

Napthine, D., Pritchard, D. and Jack, A. (1982)
Cobalt and selenium trials—Cashmore/Mt.
Richmond area, 1976-81. In "Trace Element
Review papers, 1982". Agricultural Services



233

234

235

236

237

238

239

240

241

242

243

244

245

Library, Department of Agriculture, Victoria.
(Co, Se)

*NRC (National Research Council) (1978)
"Nutrient Requirements of Dairy Cattle". 5th
revised edition. National Academy of Sciences,
Washington.

(All Trace Els.)

Newman, R.J. (1955) Molybdenum deficiency in
Central Highlands and Upper Goulburn Regions
and adjoining districts. Journal of the Department
of Agriculture, Victoria, 53:451-463.

(Mo)

Newman, R.J. (1955) The magic of molybdenum.
Livestock Digest, Department of Agriculture,
Victoria, 1:29.

(Mo)

Newman, R.J. (1956) Plant nutrient deficiencies in
Victorian pasture soils. Journal of the Department of
Agriculture, Victoria, 54:337-347.

(B, Cu, Mo, Zn)

Newman, R.J. (1959) Pasture improvement in the
"Little Desert . Journal of the Department of
Agriculture, Victoria, 57:1-9.

(B, Co, Cu, Mn, Mo, Zn)

Newman, R.J. (c. 1959) Molybdenum deficiency in
Victoria. Grassland Society of Victoria, Bulletin No.
1. Also in "Trace Element Review papers, 1982".
Agricultural Services Library, Department of
Agriculture, Victoria.

(Cu, Mo)

Newman, R.J. and Makeham, J.P. (1960) Pasture
improvement in the Heytesbury forest. Journal of
the Department of Agriculture, Victoria, 58:137-147.
(B, Cu, Mg, Mn, Mo, Zn)

Newman, R.J. (1961) Trace elements in Victoria.
Proceedings of Grasslands Society of Victoria
Conference, May 1961, pp. 53-56.

(Co, Cu, Mn, Mo, Zn)

Newman, R.J. (1963) Manganese toxicity in rape,
Tourello. Pasture Branch Conference Notes, 1963.
In "Trace Element Review papers, 1982".
Agricultural Services Library, Department of
Agriculture, Victoria.

(Mn, Mo)

Newman, R.J. (1970) Dry temperate forests and
heaths.  In "Australian Grasslands , R.M. Morre,
Ed. Australian National University Press, Canberra,
pp. 159-167.

(Cu, Mo, Zn)

*Nicolls, K.D. and Honeysett, J.L. (1964) The cobalt
status of Tasmanian soils. I: Total cobalt in soils and
cobalt content in Subterranean Clover grown in
pots. Il: The recovery of applied cobalt in pot
experiments. Australian Journal of Agricultural
Research, 15:368-376, 609-624.

(Co, Mo)

North-Coombes, P. (1982) Review of pasture
responses to zinc in Victoria. In "Trace Element
Review papers, 1982 . Agricultural Services Library,
Department of Agriculture, Victoria.

(B, Cu, Mn, Mo, Zn)

North-Coombes, P. (1982) Review of pasture
responses to boron in Victoria. In "Trace Element
Review papers, 1982 . Agricultural Services Library,
Department of Agriculture, Victoria.

(B, Mn, Mo)

(64)

246

247

248

249

250

251

252

253

254

255

256

257

258

North-Coombes, P. (1982) Iron investigations at
Port Fairy, Victoria (1964-1966). In "Trace Element
Review papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Cu, Fe, Mo, Zn)

O'Connor, P.F. (1968) Copper imbalance in grazing
animals in Victoria. II: Clinical features. Victorian
Veterinary Proceedings, 26:28-30.

(Cu)

O'Connor, P.F. (1968) Response of white muscle
disease to selenium therapy. Victorian Veterinary
Proceedings, 27:39-40.

(Se, VitE)

* Ozanne,P.G., Greenwood, E.A.N. and Shaw, T.C.
(1963) The cobalt requirement of subterranean
clover in the field. Australian Journal of Agricultural
Research, 14:39-50.

(Al, Co, Cr, I, W, V)

Paton, D.F. and Hosking, W.J. (1970) Wet
temperate forests and heaths. In "Australian
Grasslands", R.M. Moore, Ed. Australian National
University Press, Canberra, pp. 141-158.

(B, Co, Cu, Mo, Zn)

Paynter, D.l. and McDonald, J.W. (1976)
Glutathione peroxidase in the diagnosis of selenium
deficiency. Proceedings of the 53 Annual
Conference of the Australian Veterinary Association,
p.102.

(Se)

Paynter, D.l. and McDonald, J.W. (1976) Diagnosis
of selenium deficiency using glutathione peroxidase.
Victorian Veterinary Proceedings 34:51.

(Se)

Paynter, D.l. (1979) Glutathione peroxidase and
selenium in sheep. I. Effect of intraruminal selenium
pellets on tissue glutathione peroxidase activities.
Australian Journal of Agricultural Research, 30:695-
702.

(Se)

Paynter, D.l., Moir, R.J. and Underwood, E.J. (1979)
Changes in activity of the Cu-Zn superoxide
dismutase enzyme in tissues of the rat with changes
in dietary copper. Journal of Nutrition, 109:1570.
(Cu)

Paynter, D.l. (1979) Microdetermination of
manganese in animal tissues by flameless atomic
absorption spectrophotometry. Analytical Chemistry,
51:2086-2089.

(Mn)

Paynter, D.1., Anderson, J.W. and McDonald, J.W.
(1979) Glutathione peroxidase and selenium in
sheep. II: The relationship between glutathione
peroxidase and selenium-responsive unthriftiness in
Merino lambs. Australian Journal of Agricultural
Research, 30:703-709.

(Se)

Paynter, D.l. and Martin, G.B. (1980) Investigations
into combined dietary deficiencies of copper,
selenium and vitamin E in the rat. Biological Trace
Element Research, 2:175-191.

(Cu, Se, VitE)

Paynter, D.l. (1980) The role of dietary copper,
manganese, selenium and vitamin E in the lipid
peroxidation in tissues of the rat. Biological Trace
Element Research, 2:121-135.

(Cu, Mn, Se, VitE)



259

260

261

262

263

264

265

266

267

268

269

270

Paynter, D.l. (1980) An improved assay of
ceruloplasmin in domestic species. Proceedings of
the Nutrition Society of Australia, 5:183.

(Cu)

Paynter, D.l. (1980) Changes in activity of the
manganese superoxide dismutase enzyme in tissue
of the rat with changes in dietary manganese.
Journal of Nutrition, 110:437-447.

(Mn)

Paynter, D.l., Halpin, C.G. and Caple, |.W. (1980)
Measurement of blood glutathione peroxidase
activity for assessment of selenium nutrition in
livestock. In "Manual of Standard Diagnostic
Techniques" — Animal Health Committee, Australian
Bureau of Animal Health, Canberra.

(Se)

Paynter, D.l. (1981) The role of selenium in tissue
peroxidation. Victorian Veterinary Proceedings,
39:10-11.

(Cu, Mn, Se, VitE)

Paynter, D.l. (1981) Collection methods affecting
the interpretation of blood copper and ceruloplasmin
values. Victorian Veterinary Proceedings, 39:10.
(Cu)

Paynter, D.l. and Allen, J.D. (1981) Copper-
superoxide dismutase and copper deficiency in
ruminants. In "Trace Element Metabolism in Man
and Animals, 4". J.McC. Howell, J.M. Gawthorne
and C.L. White, Eds. Australian Academy of
Science, Canberra. pp. 374-377.

(Cu)

Paynter, D.l. (1982) Wool manganese and the
assessment of manganese nutrition of sheep.
Proceedings of the Nutrition Society of Australia,
7:182.

(Mn)

Paynter, D.l. (1982) Differences between serum and
plasma ceruloplasmin activities and copper
concentrations: Investigation of possible contributing
factors. Australian Journal of Biological Science,
35:353-361.

(Cu, Mo)

Paynter, D., Edwards, S., Grainger, J. and
McDonald, J.W. (1982) Glutathione peroxidase and
selenium in sheep: Effect of selenium
supplementation on wool growth in the Strathbogie
Ranges, 1975. In "Trace Element Review papers,
1982". Agricultural Services Library, Department of
Agriculture, Victoria.

(Se)

Paynter, D., Edwards, S. and Spicer, M. (1982)
Tissue glutathione peroxidase activities and
selenium nutrition in the pig. In "Trace Element
Review papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Se)

Paynter, D.l., Hucker, D.A. and McOwen, D.M.
(1982) Changes in erythrocyte, Cu-Zn superoxide
dismutase activity following thiomolybdate
administration to sheep. Proceedings of the
Nutrition Society of Australia, 7:185.

(Cu)

Paynter, D., McAuliffe, P. and Edwards, S. (1982)
Selenium deficiency and glutathione peroxidase
trials in the Hamilton area, 1975. In "Trace Element
Review papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria. (Se)

(65)

271

272

273

274

275

276

277

278

279

280

281

282

283

Paynter, D.l. (1983) Manganese nutrition of sheep.
In "Australian Wool Research Trust Fund Project,
Report". (Unpublished data)

(Mn)

Paynter, D.l. and Caple, [.W. (1984) Age related
changes in activities of superoxide dismutase
enzymes in tissues of sheep and the effect of
dietary copper and manganese on these changes.
Journal of Nutrition, 114:1909-1916.

(Cu, Mn)

Peverill, K.A. and Brown, A.J. (1979) Symposium on
soil and plant testing. Department of Agriculture,
Victoria. Agricultural Note Series No. 50.

(Al, As, B, Cu, F, Fe, Mg, Mn, Mo, Zn)

* Pratt, P.F. (1966) Aluminium, chapter 1 in
"Diagnostic Criteria for Plants and Soils". Horner, D.
Chapman, Ed. University of California. pp.3-12.

(Al, Mn, Zn)

Peverill, K.I., Fung, K.K.H. and Brown, A.J. (1980) A
manual on the soil testing service provided by the
Division of Agricultural Chemistry. Department of
Agriculture, Victoria. Technical Report Series No.
34.

(Al, As, CI, Cu, Mg, Zn)

Pryor, W.J. (1959) An outbreak of copper poisoning
in sheep following copper top-dressing of pastures.
Australian Veterinary Journal, 35:366-369.

(Cu, Mo)

* Reddy, G.D., Alston, A.M. and Tiller, K.G. (1981)
Effects of fertiliser on concentrations of copper,
molybdenum, and sulphur in subterranean clover
(Trifolium subterraneum). Australian Journal of
Experimental Agriculture and Animal Husbandry,
21:491-497.

(Cu, Mo)

* Reddy, G.D., Alston, A.M. and Tiller, K.G. (1981)
Seasonal changes in the concentrations of copper,
molybdenum and sulphur in pasture plants.
Australian Journal of Experimental Agriculture and
Animal Husbandry, 21:498-505.

(Cu, Mo)

Reed, K. (1971) Copper and molybdenum effects at
forty sites on the basalt plains of the Western
District. Extract from Pasture Branch Report, 1970-
71. In "Trace Element Review papers, 1982".
Agricultural Services Library, Department of
Agriculture, Victoria.

(Cu, Mo)

Reid, R.L. (1973) Copper and molybdenum in
ruminant nutrition. In "Trace Element Disorders of
Livestock . Proceedings of Symposium. Latrobe
University, Victoria.

(Cu, Mo)

Rentsch, A.D. (1980) Cobalt deficiency in Western
Victoria. Australian Veterinary Journal, 56:458.
(Co, Vit B12)

* Reuter, D.J., Robson, A.D., Loneragan, J.F. and
Tranthim-Fryer, D.J. (1981) Copper nutrition of
subterranean clover. II: Effects of copper supply on
distribution of copper and the diagnosis of copper
deficiency by plant analysis. Australian Journal of
Agricultural Research, 32:267-282.

(Cu)

* Reuter, D.J., Loneragan, J.F., Robson, A.D. and
Plaskett, D. (1982) Zinc in subterranean clover
(Trifolium subterraneum, L., cv. Seaton Park). I:
Effects of zinc supply and distribution of zinc and



284

285

286

287

288

289

290

291

292

293

294

dry weight among plant parts. Australian Journal of
Agricultural Research, 33:989-999.
(zn)

Rooney, D.R. (1973) Soil, plant and animal
relationships in the field. In "Trace Element
Disorders of Livestock". Proceedings of Symposium.
Latrobe University, Victoria.

(Cu, Mn, Mo, Zn)

Rooney, D.R. (1974) Statistics on copper and
molybdenum usage in Victoria. In "Copper and
Associated Elements Affecting Pastures and
Animals in Victoria". Proceedings of Seminar.
Department of Agriculture, Victoria.

(Cu, Mo, Zn)

Rooney, D.R., Uren, M.C. and Leaver, D.D. (1977)
Some aspects of fertiliser use in relation to animal
health and the environment. Australian Veterinary
Journal, 53:9-16. (Al, Cd, Co, Cu, F, Fe, Mn, Mo,
Se, U, V, Zn)

Roseby, F.B. (Ed.) (1974) Soils of the Wimmera-
Mallee and trace element responses by pasture.
Part of Department of Agriculture Internal Report on:
Wimmera Pastures and Grazing Livestock Study
Group". In "Trace Element Review papers, 1982".
Agricultural Services Library, Department of
Agriculture, Victoria.

(B, Co, Cu, Mn, Mo, Se, Zn, Vit D)

*Sauchelli, V. (1969) "Trace Elements in
Agriculture”. Van Nostrand, New York.
(All Trace Els)

Savage, G.F.J. (1970) The role of copper in plant
and animal production. In "Trace Element Review
papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Co, Cu, Fe, Mo, Se, Zn)

Savage, G.F.J. (1974) The role of copper and
molybdenum topdressing in pasture improvement in
Victoria, and their effect on herbage copper and
molybdenum. In "Copper and Associated Elements
Affecting Pastures and Animals in Victoria".
Proceedings of Seminar. Department of Agriculture,
Victoria, November 1974.

(Cu, Mo)

Savage, G.F.J. (1977) Towards greener pasture: A
practical guide to pasture improvement in the West
and South Gippsland areas—MacMillan Rural
Studies Centre, Warragul. Department of
Agriculture, Victoria. Bulletin. (Cu, Mo)

Savage, G. (1982) Trace element investigations—
Warragul District 1973: Seasonal variation in
herbage copper, molybdenum and selenium content
of a perennial dryland pasture at Shady Creek. In
"Trace Element Review papers, 1982". Agricultural
Services Library, Department of Agriculture,
Victoria.

(Cu, Mo, Se)

Savage, G. (1982) Trace element investigation—
Warragul and Leongatha Districts, 1979: Effect of
applied molybdenum on herbage molybdenum
levels. In "Trace Element Review papers, 1982".
Agricultural Services Library, Department of
Agriculture, Victoria.

(Mo)

Savage, G. (1982) Trace element investigations—
Leongatha District 1978: Comparison of foliar
copper sprays with copper sulphate. In "Trace
Element Review papers, 1982". Agricultural

(66)

295

296

297

298

299

300

301

302

303

304

305

306

Services Library, Department of Agriculture,
Victoria.
(Cu, Mo)

Savage, G. (1982) Investigation into occurrence of
manganese deficiency in stock in South Gippsland.
I: Manganese levels in herbage from affected
locations. In "Trace Element Review papers, 1982".
Agricultural Services Library, Department of
Agriculture, Victoria. (See Bibl. ref: McOrist et al
1982, for Paper II).

(Mn)

Schroder, P. (1982) Copper—~Part I: Hamilton
District needs. Part Il: Effect of copper on pasture
growth in the Hamilton District. In "Trace Element
Review papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Cu, Mo, Zn)

Schroder, P. (1982) Cobalt applications to pasture
in the Hamilton District. In "Trace Element Review
papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Co, Vit B12)

Schuster, N.H. (1974) The copper status of sheep
and cattle: Technology of copper assays in animals.
In "Copper and Associated Elements Affecting
Pastures and Animals in Victoria". Proceedings of
Seminar, Department of Agriculture, Victoria.

(Cu, Mo, Zn)

Schuster, N.H. (1977) A reliable and convenient
means of assessing bovine and ovine hypocuprosis.
Victorian Veterinary Proceedings, 35:34.

(Cu, Mo)

Schuster, N.H., Cusworth, C.A. and Condron, R.
(1978) Caeruloplasmin oxidase: Optimum
conditions for assay and correlation of activity with
total copper concentration in bovine and ovine
serum. Medical Laboratory World, 2:401.

(Cu)

Schuster, N.H. and Hindmarsh, M. (1980) Plasma
alkaline phosphatase as a screening test for low
zinc status in broiler hybrid chickens affected with
"Clubbed Down". Australian Veterinary Journal,
56:499-501.

(zn)

*Seawright, A.A. (1982) "Animal Health in Australia”,
Vol. 2: Chemical and Plant Poisons. Australian
Government Publishing Service, Canberra.

(Cl, Co, Cu, F, Zn)

Shovelton, J. (1978) Forgotten about moly? Journal
of the Department of Agriculture, Victoria, 76:82-83.
(Cu, Mo)

Shovelton, J. (1981) Plant nutrients: What's new
about old deficiencies? In "Mineral Nutrition of
Pasture, Sheep and Cattle". Proceedings of
Seminar. Victorian Farmers and Graziers
Assaociation, and Department of Agriculture.
Sponsored by Australian Estates Co. Ltd., Seymour,
May 1981. Also in "Trace Element Review papers,
1982". Agricultural Services Library, Department of
Agriculture, Victoria.

(B, Co, Cu, Fe, Mn, Mo, Zn)

Shovelton, J. (1982) Trace element studies in the
Wodonga District. In "Trace Element Review
papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(B, Cu, Mg, Mn, Mo, Zn)

Sims, H.J. and Rooney, D.R. (1956) Mineral



307

308

309

310

311

312

313

314

315

316

317

318

319

deficiency trials: Investigations with zinc sulphate. In
"Wheat fertiliser tests in the Wimmera". Journal of
the Department of Agriculture, Victoria, 54:506-507.
(zn)

Sinclair, A.J. and Slattery, W. (1978) Blood
collecting tube as a contamination source in vitamin
E fluorometry. Clinical Chemistry, 24:2073.

(Vit E)

Skene, J.K.M. (1953) Trace elements. Journal of the
Department of Agriculture, 51:163-168.
(Al, B, Co, Cu, Fe, I, Mn, Mo, Zn, etc.)

Skene, J.K.M. (1958) Report on a survey of the
copper and molybdenum contents of pastures.
Department of Agriculture, Victoria. In "Trace
Element Review papers, 1982". Agricultural
Services Library, Department of Agriculture,
Victoria.

(Cu, Mo)

Skene, J.K.M. (1964) Uptake of copper and
molybdenum by pasture herbage. Unpublished
Report. In "Trace Element Review papers, 1982".
Agricultural Services Library, Department of
Agriculture, Victoria.

(Cu, Mo)

Skene, J.K.M., Hosking, W.J., Leverington, K.C.,
Russell, J.S. and Williams, C.H. (1966) A survey of
soil and plant tissue activities in Australia. Journal of
the Australian Institute of Agricultural Science,
32:159-172.

(Co, Cu, Fe, Mg, Mn, Mo, Zn)

Skene, J.K.M. and Reed, K.R. (1972) Paddock
histories and soil test results from sites of field
experiments, and related copper and molybdenum
levels in pasture, Western District 1971. In "Trace
Element Review papers, 1982". Agricultural
Services Library, Department of Agriculture,
Victoria.

(Cu, Mo)

Skerman, K.D. and Sutherland, A.K. (1957) An
occurrence of cobalt deficiency in lambs in the
Dandenong Ranges, Victoria. Australian Veterinary
Journal, 33:197-201.

(Co, Cu, Vit B12)

Skerman, K.D. (1959) The correction of cobalt
deficiency in lambs. Australian Veterinary Journal,
35:369-373.

(Co)

Skerman, K.D. (1962) Observations on selenium
deficiency of lambs in Victoria. Proceedings of the
Australian Society of Animal Production, 4:22.
(Se)

Smith, B. (1966) "The Chemistry of Molybdenum in
the Soil". PhD Thesis, Melbourne University.
(Al, F, Fe, Mn, Mo)

Smith, F.W. and Verschoyle, J.J.S. (1973) Foliar
symptoms of nutrient disorders in Paspalum
dilatatum. C.S.1.R.O., Division of Tropical Pastures
Technical Paper No. 14.

(B, Cu, Fe, Mg, Mn, Zn)

* Smith, G.H. (1982) Manganese toxicity in
ruminants. Rutherglen Research Institute. In "Trace
Element Review papers, 1982". Agricultural
Services Library, Department of Agriculture,
Victoria.

(Mn)

Snowdon, W.A. (1958) Too much copper will kill.

(67)

320

321

322

323

324

325

326

327

328

329

330

331

332

Livestock Digest, 4:25, Department of Agriculture,
Victoria.
(Cu, Mo)

* Southcott, W.H. (1956) Observations on phalaris
staggers in sheep. Australian Veterinary Journal,
32:225-228.

(B, Co, Cu, Mn, Mo, Zn)

Spencer, K. and Gonvaars, A.G. (1974) An
assessment of the nutrient status of soils in
Northern East Gippsland. Australian Journal of
Experimental Agriculture and Animal Husbandry,
14:85-92.

(B, Co, Cu, Fe, Mg, Mn, Mo, Zn)

* Statham, M. and Bray, A.C. (1975) Congenital
goitre in sheep in Tasmania. Australian Journal of
Agricultural Research, 26:751.

0]

* Steele, P., Peet, R.L., Skirrow, S., Hopkinson, W.
and Masters, H.G. (1980) Low alpha-tocopherol
levels in liver of weaner sheep with nutritional
myopathy. Australian Veterinary Journal, 56:529-
532.

(Se)

* Steele, P., McKenzie, D.P., Skirrow, S., Peet, R.L.
and Doncon, G. (1981) Selenium and tocopherol
treatment of ovine weaner  nutritional myopathy. In
"Trace Element Metabolism in Man and Animals, 4."
(J. McC. Howell, J.M. Gawthorne and C.L. White,
Eds.), pp. 210-213, Australian Academy of Science,
Canberra.

(Se)

Stephens, C.G. and Donald, C.M. (1958) Australian
soils and their responses to fertilisers. Advances in
Agronomy, 10:167-256.

(B, Co, Cu, Fe, Mg, Mn, Mo, Zn)

Stewart, J. (1982) Trace elements for calves.
Proceedings of Seminar on "Trace Elements". Dairy
Research Institute—Ellinbank, Victoria. In "Trace
Element Review papers, 1982". Agricultural
Services Library, Department of Agriculture,
Victoria.

(Co, Cu, Fe, I, Mn, Se, Zn)

*Stiles, W. (1961) "Trace Elements in Plants".
Cambridge University Press. (Most Trace EIs)

Straube, E.F., Schuster, N.H. and Sinclair, A.J.
(1980) Zinc toxicity in the ferret. Journal of
Comparative Pathology, 20:355.

(Zn)

Straube, E.F. and Walden, N.B. (1980) Zinc
poisoning in ferrets. Laboratory animals, 15:45.
(zn)

Stogdale, L. (1978) Chronic copper poisoning in
dairy cows. Australian Veterinary Journal, 54:139-
141.

(Cu)

Sully, R.J. (1982) Evaluation of drenching and
copper injections for winter growth of weaners,
Deans Marsh 1978. In "Trace Element Review
papers, 1982". Agricultural Services Library,
Department of Agriculture, Victoria.

(Cu)

Sully, R.J., Allen, J.D. and Conley, D.N. (1982)
Selenium-copper interaction in the weight gain of
suckle-reared beef calves. Proceedings of the
Australian Society of Animal Production, Brisbane
1982. Also in "Trace Element Review papers, 1982".



333

334

335

336

337

338

339

340

341

342

343

344

Agricultural Services Library, Department of
Agriculture, Victoria.
(Cu)

Sully, R.J., Allen, J.D. and Conley, D.N. (1982)
Evaluation of trace element supplementation and
drenching of calves at Cape Otway. In "Trace
Element Review papers, 1982". Agricultural
Services Library, Department of Agriculture,
Victoria.

(Co, Cu, Vit B12)

Sully, R.J. and Hancock, G. (1982) Copper and
selenium supplementation of beef calves, Deans
Marsh 1980-81. In "Trace Element Review papers,
1982". Agricultural Services Library, Department of
Agriculture, Victoria.

(Cu, Se)

Sutherland, A.K. (1959) New developments in
unthriftiness syndromes of sheep and cattle.
Victorian Veterinary Proceedings, 18:49-50.
(Co, Cu, Se, Vit B12, Vit E)

*Suttle, N.F. (1981) Predicting the effects of
molybdenum and sulphur concentrations on the
absorbability of copper in grass and forage crops to
ruminants. In "Trace Element Metabolism in Man
and Animals". Proceedings of 4th International
Symposium on Trace Elements. (J.McC. Howell,
J.M. Gawthorne and C.L. White, Eds.) Australian
Academy of Science, Canberra.

(Cu, Mo)

*Suttle, N.F. (1983) Bovine hypocuprosis. Veterinary
Annual, 23:96-110
(Cu, Mo).

Taverner, M.R. (1980) Lupins for pig production
(Manganese aspects of nutrition). In "Lupins for
Livestock". Proceedings of Seminar, Rutherglen
Research Institute, November 1980. Also in "Trace
Element Review papers, 1982". Agricultural
Services Library, Department of Agriculture,
Victoria.

(Mn)

* Thornton, |. and Webb, J.S. (1975) Distribution
and origin of copper deficient and molybdeniferous
soils in the United Kingdom. In "Copper in Farming"
Symposium Papers, U.K. (Cu, Mo)

Thrower, S.J. and Andrewartha, K.A. (1981)
Glutathione peroxidase response in tissues of rats
fed diets containing fish protein concentrate
prepared from shark flesh of known mercury and
selenium contents. Bulletin of Environmental
Contamination and Toxicology, 26:77-84.

(Se)

Tuck, 1.D. (1973) The field problem: A general .
appraisal. In "Trace Element Disorders of Livestock .
Proceedings of Symposium. Latrobe University,
Victoria.

(Cu, Mo)

Twentyman, R.L. (1955) Pasture and soil fertility
investigations in Victoria. Journal of the Department
of Agriculture, Victoria, 53:361-370.

(B, Cu, Mg, Mn, Mo, Zn)

* Tyson, A.G. (1954) Manganese deficiency in
subterranean clover (Trifolium subterraneum L.).
Australian Journal of Agricultural Research, 5:608-
613.

(Cu, Mn)

*Underwood, E.J. (1977) "Trace Elements in Human
and Animal Nutrition". 4th Ed. Academic Press,

(68)

345

346

347

348

349

350

351

352

London, New York.
(All Trace Els)

* Underwood, E.J. (1981) "The Mineral Nutrition of
Livestock", 2nd Edition. Commonwealth Agricultural
Bureaux, Farnham Royal, Slough, England.

(All Trace Els, & Vits. A, B12, D, E)

Uren, N.C. (1973) Trace element disorders of
livestock. In "Trace Element Disorders of Livestock".
Proceedings of Symposium. Latrobe University,
Victoria.

(Cu, Mn, Mo, Se, Zn)

Weber, K.M., Boston, R.C. and Leaver, D.D. (1980)
A kinetic model of copper metabolism in sheep.
Australian Journal of Agricultural Research,
31(4):773-790.

(Cu, Mo)

Weber, K.M., Boston, R.C. and Leaver, D.D. (1983)
The effect of molybdenum and sulfur on the Mo).

Grace, N.D. (1983) The mineral requirements of
grazing ruminants. New Zealand Society of Animal
Production, Occasional Publication No. 9.

(All Trace Els)

McCaughan, C.J., Laurie, K.W., Martin, M.C. and
Hooper, M.W. (1984) lodine in milk of cows after

intrauterine infusion of Lugol's solution. Australian
Veterinary Journal, 61:200-201.

0]

Millikan, C.R. and Clarke, R. (1984) Symptoms of
nutritional disorders in some common pasture
legumes. Department of Agriculture, Victoria.

(Al, B, Cu, Fe, Mg, Mn, Mo, Zn)

Philippo, M., Humphries, W.R., Bremner, 1.,
Atkinson, T.G. and Henderson, G. (1985)
Molybdenum-induced infertility in cattle. In "Trace
Element Metabolism in Man and Animals, 5".
Proceedings of International Symposium. In press.
(Cu, Fe, Mo).



Appendix 1

Index of trace elements and vitamins for
each numbered reference

A limited number of single papers or manuals refer
to “all” trace elements and vitamins as noted be-
low. These numbers are not therefore listed under
each individual trace element and vitamin.

“All” Trace Elements: 3,77, 125, 233, 288, 327, 344, 345, 349

“All"” Vitamins:

3

INDIVIDUAL ELEMENTS

ALUMINIUM (Al):

ARSENIC (As):
BORON (B):

CADMIUM (Cd):
CHLORINE (Cl):
CHROMIUM (Cr):
COBALT (Co):

COPPER (Cu):

FLUORINE (F):
IODINE (I):

IRON (Fe):

MAGNESIUM (Mg):

38, 41, 50, 113, 127, 151, 166, 167, 169,
200, 202, 203, 249, 273, 274, 275, 286,
308, 316, 351

41,273,275

11, 13, 23, 34, 47, 52, 58, 98, 100, 104,
106, 112-114, 119, 126, 127, 138, 139,
154-156, 174, 190, 208, 209, 219-221,
223, 236, 237, 239, 244, 245, 250, 273,
287, 304, 305, 308, 317, 320, 321, 325,
342, 351

91, 286
41,112, 151, 275, 302
249

1, 4, 7-9, 11, 21, 22, 26, 28, 34, 35, 37,
40, 53, 67, 73-75, 88, 90, 91, 98, 102-105,
111, 112, 116-120, 129, 132, 133, 141,
144, 147, 150, 164, 170, 171, 174, 175,
182, 183, 185-187, 192, 193, 195, 196,
199, 206, 207, 217, 225-227, 231-233,
237, 240, 243, 249, 250, 281, 286, 287,
289, 297, 302, 304, 308, 311, 313, 314,
320, 321, 325, 326, 333, 335

1,2,4,5,7,8,10, 11, 13, 15-17, 19, 24,
25, 27-29, 34, 35, 37, 40, 41, 43-45,
51-55, 58-61, 63, 73-76, 81-84, 87-106,
109-114, 116-121, 124, 128, 135-142,
145-147, 149, 150, 152, 155, 156, 158,
160, 161, 163, 170-177, 179, 181, 182,
183, 185, 187-190, 195-199, 204-209,
217-221, 223, 224, 226-229, 236-240,
242, 244, 246, 247, 250, 254, 257-259,
262-264, 266, 269, 272, 273, 275-280,
282, 284-287, 289-292, 294, 296,
298-300, 302-305, 308-313, 317,
319-321, 325, 326, 330-337, 339,
341-343, 346-348, 351, 352

273, 286, 302, 316

11, 20, 28, 32, 40, 52, 66, 68, 70-75, 80,
90, 105, 112, 118, 119, 141, 157, 163,
171, 180, 187, 208, 210, 249, 308, 322,
326, 350

26, 34, 52, 54, 75, 90, 91, 106, 112, 114,
174, 175, 190, 192, 209, 217, 219-221,
223, 246, 273, 286, 289, 304, 308, 311,
316, 317, 321, 325, 326, 351, 352

13, 34, 41, 113, 127, 151, 156, 167, 190,
205, 209, 239, 273, 275, 305, 311, 317,
321, 325, 342, 351

(69)

MANGANESE (Mn):

MERCURY (Hg):

1, 10-13, 22, 26, 28, 31, 33, 34, 42, 52,
57, 58, 73-75, 86, 90, 97, 100, 105-107,
112-114, 119, 127, 151, 154-156, 161,
167, 168, 174, 175, 179, 190, 192, 194,
200-203, 208, 209, 215, 217, 219-221,
223, 237, 239-241, 244, 245, 255, 258,
260, 262, 265, 271-274, 284, 286, 287,
295, 304, 305, 308, 311, 316-318, 320,
321, 325, 326, 338, 342, 343, 346, 351

91

MOLYBDENUM (Mo):2, 10, 11, 13, 25-27, 31, 34-36, 45, 46,

NICKEL (Ni):
SELENIUM (Se):

SODIUM (Na):
TUNGSTEN (W):
URANIUM (U):
VANADIUM (V):
ZINC (Zn):

51-54, 58, 59, 61, 81, 83, 86, 88, 90, 91,
94-102, 104-106, 108, 111, 112, 114, 119,
121, 122, 136-139, 150-153, 155, 156,
161, 170, 171, 173-175, 177, 179, 181,
188-191, 195-200, 202, 204-209, 217,
219, 223, 224, 228, 234-246, 250, 266,
273, 276-280, 284-294, 296, 298, 299,
303-305, 308-312, 316, 319-321, 325,
336, 337, 339, 341, 342, 346-348, 351,
352

217

47,11, 14, 16, 18, 28, 29, 37, 39, 40, 56,
62, 64, 65, 68, 69, 73-75, 78, 79, 85, 88,
105, 112, 116, 118, 123, 124, 130, 134,
140-143, 146, 147, 150, 159, 171, 172,
182-185, 187, 199, 213, 226, 230, 232,
248, 251-253, 256-258, 261, 262, 267,
268, 270, 286, 287, 289, 292, 315, 323,
324, 326, 334, 335, 340, 346

34,151

249

286

249, 286

10, 11, 13, 26-28, 34, 41, 43, 48, 49, 52,
53, 61, 73, 75, 90, 91, 97-100, 104-106,
112-115, 119, 121, 137, 138, 141, 148,
149, 155, 156, 161, 162, 165, 174, 175,
179, 189, 190, 205-209, 211, 212,
214-223, 228, 236, 237, 239, 240, 242,
244, 246, 250, 273-275, 283-287, 289,
296, 298, 301, 302, 304-306, 308, 311,
317, 320, 321, 325, 326, 328, 329, 342,
346, 351

INDIVIDUAL VITAMINS

VITAMIN A:
VITAMIN B:
VITAMIN B12:

VITAMIN D:
VITAMIN E:

4,171, 345
7,8

11,22, 67, 68, 73, 74, 120, 129-133, 142,
144, 147, 161, 163, 171, 182, 183, 186,
225-227, 231, 281, 297, 313, 333, 335,
345

4,110, 150, 171, 287, 345

4, 6, 62, 116, 148, 158, 159, 171, 225,
248, 257, 258, 262, 307, 335, 345





