
Trace Elements in the South East 
BACKGROUND HISTORY 

The South East has a long history of diagnosing trace 

element disorders in agricultural crops and animals. In 

1928 Piper and Samuel diagnosed South East’s first trace 

element issue with the identification of “roadside take-all” 

in oats grown near limestone roads at Penola as 

manganese deficiency.  

Other diagnosis and treatments occurred shortly after this 

at Robe and included: diagnosis of “coast disease” in sheep 

as cobalt deficiency, responses to copper and zinc in 

cereals, lucerne and pasture legumes and grasses; “acute 

coast disease” diagnosed as dual copper and cobalt 

deficiency and in 1950’s a link to Vitamin B12 was 

established.  

Following WWII combined applications of super, copper 

(Cu), zinc (Zn), molybdenum (Mo) plus manganese (Mn) 

and cobalt (Co) in some situations allowed the 

development of the 90 Mile Desert country around 

Coonalpyn. At Keith it was demonstrated that Co was 

required for successful nitrogen (N) fixation. Peat soils at 

Eight Mile Creek were found to respond to Cu and Zn and 

White muscle disease (Selenium deficiency) was diagnosed 

on acid soils. 

In the 1970’s iron (Fe) deficiency in pea crops on rendzina 

lunettes under waterlogged conditions was successfully 

treated, Mo deficiency in sunflowers linked to acid pastures 

soils was also diagnosed and in the 1980’s diagnosis of 

manganese and copper deficiency on irrigated lucerne in 

sandy soils at Keith occurred and manganese deficiency on 

safflower growing on black rendzina soils was identified. 

Zinc deficiency was diagnosed in faba beans on 

groundwater rendzina soils. 

In the 1990’s the deleterious effect of sulfonylurea 

herbicides on trace element nutrition of crops, particularly 

zinc was diagnosed, and in the 2000’s subsoil applications 

of Cu, Zn, Mn have given results on sandy soils on some 

sites. 

UNDERSTANDING TRACE ELEMENTS 

When considering trace element nutrition it is important to 

understand the small amounts required by plants and 

animals but also the inherent soil factors which can lead to 

deficiencies or toxicities and the interactions with the 

environment which can also occur. Table 1 outlines all 

essential plant nutrients, approximate concentration in 

healthy plants and the form they enter plants. 

ELEMENT SYMBOL %TISSUE FORM 

TAKEN UP 

BY PLANTS 

Non – Mineral 

Carbon C 45 CO2, 

HCO3- 

Hydrogen H 6 H2O 

Oxygen O 45 O2,H2O 

Major Nutrients 

Nitrogen N 1.5 NO3- , 

NH4 

Phosphorous P 0.2 H2PO4, 

HPO42- 

Potassium K 1.0 K 

Sulphur S 0.1 SO42-, 

SO2 

Calcium Ca 0.5 Ca2 

Magnesium Mg 0.2 Mg2 

Sodium Na 0.1 Na 

Silicon Si 1.0 H4SiO4 

Trace Elements 

Iron Fe 0.01 Fe2 

Manganese Mn 0.005 Mn2 

Copper Cu 0.006 Cu2 

Zinc Zn 0.002 Zn2 

Molybdenum Mo 0.00001 MoO42 

Boron B 0.002 H3BO3 

Chloride Cl 0.01 Cl - 

Cobalt Co Co2 

Table 1- Plant Nutrients, form and approx. composition 



 

WHAT SOIL FACTORS IMPINGE? 

Moisture 

Soil moisture affects the uptake of nutrients by plants in 

several ways including different solubilities of ions and the 

ability of nutrients to move by diffusion and interactions 

with concentration of other nutrients, particularly sodium 

and chloride. 

As the soil dries less soluble ions stop moving and trace 

elements in some layers may become less available. Soils 

where root growth is restricted due to chemical or physical 

restriction restrict the ability of plants to take up trace 

elements. 

 

 

pH 

Soil pH is very important in understanding availability of 

various nutrients.  

Generally at high pH, soils tie up Cu, Zn, Mn, boron (B) 

and Fe while at acid pH Mo becomes unavailable and Mn 

and aluminium (Al) are released. 

 

 

 

 



 

CAUSE OF TRACE ELEMENT 

DEFICIENCIES 

Generally there are 3 causes of trace element deficiencies 

 Low levels in soil 

 Soil types which allow fixation or leaching  

 Interactions which reduce availability in the soil or 

uptake by the plant e.g. lime induced Fe 

deficiency  

Considerable variation also exists between different plant 

species and also between cultivars within one species in 

sensitivity to trace element disorders e.g. manganese 

efficiency in barley. Similar variation can also occur in 

livestock issues.  

Cause of Trace Element 

Deficiencies 

Cause of Trace Element 

Deficiencies 

Generally there are 3 

causes of trace element 

deficiencies 

Generally there are 3 causes 

of trace element deficiencies 

 Low levels in 

soil 

 Low levels in soil 

 Soil types which 

allow fixation or 

leaching  

 Soil types which 

allow fixation or 

leaching  

 Interactions 

which reduce 

availability in 

the soil or 

uptake by the 

plant e.g. lime 

induced Fe 

deficiency  

 Interactions which 

reduce availability in 

the soil or uptake by 

the plant e.g. lime 

induced Fe 

deficiency  

Considerable variation 

also exists between 

different plant species 

and also between 

cultivars within one 

species in sensitivity to 

trace element disorders 

e.g. manganese efficiency 

in barley. Similar variation 

can also occur in livestock 

issues.  

Considerable variation also 

exists between different plant 

species and also between 

cultivars within one species in 

sensitivity to trace element 

disorders e.g. manganese 

efficiency in barley. Similar 

variation can also occur in 

livestock issues.  

Cause of Trace Element 

Deficiencies 

Cause of Trace Element 

Deficiencies 

Generally there are 3 

causes of trace element 

deficiencies 

Generally there are 3 causes 

of trace element deficiencies 

 

 

Copper Deficiency in wheat 

 

Zinc - Zn Deficiencies on alkaline soils widespread, 

other soils marginal in SA. Trend to direct drill 

and SU herbicides has led to increased 

deficiency by shortening of root growth in 

some cases. 

Role Chlorophyll activity, growth hormone. 

Mobility Relatively immobile. 

Deficiency 

Symptoms 

Greatly reduced growth, small leaves and 

internodes, necrosis at mid vein/mid leaf. 

Toxicity Some Zn fertilisers contain significant 

cadmium, high Zn in some waste products. 

Interactions Negative interaction with high phosphorus 

(P) and cold wet conditions. 

Overcoming Soil application has good residual value 

except on high pH soils, foliar sprays 

available. 

Sensitive 

Plants 

Beans, citrus, linseed, maize, durum wheat, 

clover. 

 

 

 

 

 

 

 

 

 

 

 



 

Zinc deficient beans 

Manganese - 

Mn 

High pH calcareous soils, sometimes on 

siliceous sands and high organic matter 

soils and on over- limed acid soils. Can 

leach out of acid soils. Clay spreading 

with calcareous clays can induce 

deficiency. 

Role Several enzyme reactions involving 

chlorophyll production and 

photosynthesis. 

Mobility Immobile. 

Deficiency 

Symptoms 

Interveinal yellowing on younger leaves, 

yellower weak plants. 

 

Toxicity High rainfall acid soils with natural high 

Mn levels. 

Interactions Negative with calcium, magnesium and 

iron. Positive with nitrogen. Plants status 

changes quickly with changing weather, 

particularly as soils dry out. 

Overcoming Fertilisers including soil application and 

foliar sprays. 

Sensitive 

plants 

Lupins very sensitive, barley, citrus, peas, 

potatoes, wheat. 

 

 

 

 

 

 

 

Mn in cereals 

Iron-Fe High pH calcareous and clay soils with 

cold, wet and waterlogged conditions. 

Deficiencies rare on most soils in SA. 

Role Important in the formation of 

chlorophyll and acts as an oxygen carrier 

Mobility Immobile. 

Deficiency 

Symptoms 

Interveinal yellowing (chlorosis) on 

younger leaves, yellower weak plants, 

can go white. 

Toxicity High rainfall acid soils with natural high 

Fe levels. 

Interactions Negative with Mo, Cu and Mn. Limey 

irrigation water may induce. 

Overcoming Foliar sprays more effective as Fe is 

strongly tied up in the soil. 

Sensitive plants Peas, linseed, citrus, grapes. 

 

 

 

 

 

 

 

 

 

 



Iron deficiency in Canola 

Boron -B Deficiencies widespread in some parts of 

the world but less so in SA due to marine 

origin of soils. Low organic matter, dry 

conditions, higher pH and over-liming 

can lead to issues 

Role Role with growth of pollen, and in seed 

and cell wall formation 

Mobility Immobile. 

Deficiency 

Symptoms 

Growth of growing points, poor seed set, 

discolouration and poor formation of 

plant parts. 

Toxicity Common in mallee and heavier soils in 

parts of USE, sometimes in irrigation 

water. 

Interactions n/a. 

Overcoming Soil and foliar sprays- take care with the 

rate as narrow band between deficient 

and toxic. 

Sensitive 

Plants 

Lucerne, brassicas, apples, some clovers. 

Molybdenum - 

Mo 

Deficiency most common on acid 

sandy soils 

Role Enzyme reactions involving nitrogen 

conversion, nitrogen fixation. 

Mobility Mobile. 

Deficiency 

Symptoms 

General yellowing and stunting of 

plants similar to N deficiency. 

Toxicity See below. 

Interactions High Mo and S lead to low Cu in 

animals. 

Overcoming Only small amounts required.  Fertiliser 

additions at low rates and foliars 

available in various forms. 

Sensitive Plants Barley, clover, brassicas, lupins, 

sunflower, wheat. 

Sodium and Chloride – tend to see as toxicity, no 

deficiencies recorded in SA, other than saltbush. Chloride 

deficiencies in coconuts and oil palms occur in tropics.  

Silicon – issue in sugar cane where it increases strength of 

stems, plentiful in SA. 

 Cobalt – important for rhizobium in legumes and livestock 

requirement (livestock supplementation often required). 

 Selenium – essential for animals but not for plants. 

Determining Trace Elements Issues 

Plant tests are available which can detect imbalances of 

most of these nutrients for many of the crops and pastures 

grown in the SE. Some of the diagnostic criteria were 

developed locally by Dale Lewis and Jock McFarlane 

(PIRSA) and have been locally calibrated. Plant testing can 

be used across soil types and comparisons can be made 

between good and poor areas.  

Soil Tests are often available on commercial soil tests. Little 

calibration of these tests has occurred and critical levels will 

vary between soil types. Best bet levels used by advisers 

are just that and the performance of subsequent 

applications should be monitored. 

Grain levels have been used broadly for manganese and 

some other trace elements but may only detect severe 

deficiencies.  

Livestock issues can be detected using blood, urine or 

tissue samples as appropriate.  

Trace Elements Treatment 

Historically trace element treatment in crops first involved 

diagnosis of deficiencies and then treatment using solid 

fertilisers or foliar sprays. Generally solid fertilisers had 

residual value while foliar sprays did not. 

In recent times landholders are applying trace elements 

more in a preventative capacity as insurance against 

possible deficiencies. Rates are generally much lower when 

applying as an insurance application compared with a 

diagnosed deficiency.  These applications will only have 

economic value if they prevent a deficiency. 

Other recent changes have included the spraying of trace 

elements into the soil near seeding rows. Liquid application 

to the soil offers some advantages with immobile trace 

elements such as Cu and Zn as the distribution in the soil 

will be better and over time with several applications 

should become even better than conventional products. 

Care needs to be taken to avoid germination effects on 



seeds when applying trace elements in this way. The move 

to no till systems has encouraged this approach. 

Another emerging trend is the application of immobile 

trace elements to deeper layers of the soil, particularly 

where infertile A2 layers are present. Promising results have 

been seen at some sites using this approach. 

Rates of some trace element applications to correct 

deficiencies for broad acre Cereals and Pastures  

(Rates will vary significantly with soil type, climate, 

crop, irrigation etc). 

N.B. Insurance is described in the text as a preventative 

approach while confirmed deficiency relates to where 

deficiencies have been detected using plant tests or visual 

symptoms. 

N.B. Soil applications may be much higher for alkaline or 

irrigated soils or require several applications, residual 

values much greater on acid or neutral soils. 

Chelates vs. Sulphates vs. Oxides 

Most trace elements can be purchased in a variety of 

forms, especially for foliar application. Generally, chelated 

forms offer small advantages in terms of less risk of 

burning, less machinery corrosion, better mixing 

characteristics and small yield advantages at similar rates 

but are generally dearer in terms of cost per unit of trace 

element. Oxide forms are less soluble than sulphates and 

take more time to breakdown in the soil but can be safer 

when applied on plants. 
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For further info please go to our website: 
www.naturalresources.sa.gov.au/southeast or contact our 
Land Management Adviser on 08 87351177

Fertiliser Copper Zinc Manganese 

Soil - insurance 

rate 

0.5-1 kg/ha 0.5-2 kg/ha n/a 

Soil - confirmed 

deficiency rate 

2 kg/ha 2-2.5kg/ha 3-5 kg/ha 

Foliar – insurance 

rate 

50 g/ha 110 g/ha 500 g/ha 

Foliar - 

confirmed 

deficiency rate 

100 g/ha 330 0 g/ha 1 kg/ha 

http://www.soilquality.org.au/



