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DETECTION AND TREATMENT OF MINERAL NUTRITION PROBLEMS IN GRAZING SHEEP 

Producers and advisers need to know 
the mineral requirements of sheep in 

order to formulate diets and predict and 
detect deficiencies. Published tables of rec­
ommended mineral requirements for sheep, 
such as those from the National Research 
Council in the USA (NRC 1985), the Agri­
cultural Research Council in the U.K. (ARC 
1980) and the Standing Committee on 
Agriculture in Australia (SCA 1990) are 
useful in determining whether a particular 
diet will meet an animal's requirements. 
There are some problems, however, espe­
cially when it comes to applying the values 
to grazing animals. For example, many 
published tables of requirements include a 
safety margin, the extra amount of which, in 
most circumstances, does not lead to 
increased production. In intensive produc­
tion systems it is a relatively inexpensive 
task to add minerals above minimum 
requirement levels as an insurance policy. 
Under extensive grazing systems, however, 
it is usually difficult and costly to provide 
supplementary minerals, and so it is impor­
tant to know whether the published tables of 
requirements represent minimum values or 
whether they include generous over­
allowances. 

This chapter summarises the various 
methods used to estimate the mineral 
requirements of sheep and highlights both 
the limitations and usefulness of SUCD 

methods for identifying and preventing defi- . 
ciencies in practical grazing situations. 

What Is Meant by Requirement? 

To meet all mineral requirements the 
minimum dietary supply must maintain 
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within healthy limits the concentrations and 
active forms of the mineral in all tissues 
including storage organs, and maintain the 
levels of the mineral in the product, such as 
milk. 

Under practical farming conditions, 
where efficient production is the main aim, 
it is not always necessary to maintain 
storage levels because a reduction in this 
pool of minerals does not immediately 
affect production. Reduced productivity 
comes at the end of a series of events after 
dietary depletion of a mineral (Fig. 1). 
Levels within storage organs are the most 
sensitive to changes in intake of the nutri­
ent, followed by levels in transport forms 
and finally enzyme activity and metabolic 
function. Once enzyme activity and meta­
bolic processes are impaired then produc­
tion falls and clinical signs appear. In most 
cases storage levels must be almost com­
pletely depleted before a measurable drop 
in production occurs. It follows from this 
that requirements are not a fixed value but 
vary with the criteria of adequacy adopted. 
For example, dietary copper deficiency in 
sheep is characterised as a decline in liver 
copper reserves from a normal range of 
between 1.6 and 4.7 mmol/kg dry matter 
(DM), to below 0.3 mmol/kg DM. At this 
point plasma copper concentration and 
plasma caeruloplasmin activity decline to 
about 20% of normal values. Within a 
month the first clinical signs appear, char­
acterised as defects in wool. 

The time to appearance of clinical signs 
depends on the severity of the deficiency 
and the mineral in question. Some ele­
ments, such as magnesium, are not stored 
to any extent in the body and need to be 
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supplied from the diet continually to 
prevent deficiency. Other elements, such as 
calcium and phosphorus, can be drawn 
from bone which offers a period of protec­
tion against production losses, albeit at the 
cost of fragile bones. Grazing sheep typi­
cally face environments where mineral 
supply varies greatly between seasons, and 
in these circumstances it i~ advantageous 
for the sheep to build up reserves in one 
season for use in another. Thus, although 
the diet may be technically deficient in 
minerals at certain times of the year, the 
supply of minerals from body reserves such 
as liver and bone can provide sufficient 
quantities to meet requirements for the 
short period of dietary deficiency. 

5 
Clinical signs 

Deficiency Dysfunction Disease 

Figure I. Temporal stages of deficiency leading to the appearance of deficiency 
signs (adapted from Suttle 1987). 

What Factors Affect 
Requirements? 

The dietary requirements for a mineral are 
influenced by both animal and dietary 
factors. 

Animal factors 

Genotypic/phenotypic differences. Ani­
mals of similar age, breed and physiological 
state in a common environment can show 
marked differences in their efficiency of 
mineral utilisation. For example, the frac­
tional absorption of copper can vary from 
0.042 to 0.112 (Suttle 1974). In grazing 
sheep, Wiener and Field (1970) reported 
heritable differences among three breeds 
and their crosses in susceptibility to sway­
back and copper poisoning. 

Age, physiological state and sex of the 
animal. Age can affect requirement 
through changes in absorption efficiency. 
For example, preruminating lambs have an 
80% absorption efficiency for copper, 
whereas lambs with a functional rumen 
have only 3-5% (Underwood 1981). 

Sex of the sheep affects mineral require­
ments through differences in growth rates 
and physiological functions. Rams grow 
faster than ewes and so require a greater 
daily supply of minerals; pregnant and lac­
tating ewes require more minerals to meet 
body demands than non-pregnant females 
at maintenance (ARC 1980, see Table 1). 
Animals compensate for this by increasing 
absorption of most nutrients during late 
pregnancy and lactation. 

Rate and type of production. Different 
production systems require different 
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Table I. Published values for factorially derived estimates for minerals. Values are expressed as amounts per kg dry diet. 

Source Type of sheep Type of diet Weight Weight Na Mg Ca P Cu Zn 
(kg) gain/loss g/kg g/kg g/kg g/kg mg/kg mg/kg 

NRC Replacement M/Da = 10, 30 227 g/d 5.3 2.2 
( 1985) ewe lambs 65% forage, 

35% concentrate 
Replacement MID = 10, 40 182 g/d 4.2 1.8 
ewe lambs 65% forage 
Replacement MID = 8.8, 50-70 115 g/d 3 1.6 
ewe lambs 85% forage 
Ewes MID = 8.4, 70 10 g/d 2 2 

100% forage 
Ewes, first MID = 8.4, 70 30 g/d 2.5 2 
third gestation 100% forage 
Ewes, last third MID = 8.8, 70 180 g/d 3.5 2.3 
gestation 85% forage 
Ewes, lactation M/D= 10, 70 -25 g/d 3.2 2.6 

65% forage 
ARC Castrate lambs DMlb 0.31 kg/d, 20 o g/d 1.8 1.2 1.5 1.2 
( 1980) qc = 0.6 

DM10.76 20 200 g/d 1.1 1.1 4.5 2.5 2 32-36 
DM10.53 40 o g/d 2.1 1.5 1.8 1.4 3 
DMI 1.23 40 200 g/d 1.1 I 3.2 1.8 4 27-48 

Ewes, single DMI 1.03 kg/d, 75 2.3 1.3 1.8 1.9 
lamb, first third q = 0.6 
gestation 
Ewes, last third DMII.4 75 1.7 1.3 2.8 2.2 7 20-24 
gestation 
Ewes, lactation DM12.2 75 2.0 L milk/day 1.4 1.5 3 2.8 5 25-32 
All classes 30 

Minson Castrate Unspecified 20 o g/d 0.9 
(1990) lambs 20 200 g/d 6.6 

40 o g/d 1.1 
40 200 g/d 3.2 

SCA Unspecified MID = 6 o g/d I 1.2 
( 1990) MID = 10 o g/d 2 2.1 

MID = 10 200 g/d 3.2 1.7 

a MID is metabolisable energy in MJ per kg dry matter. A value of ~ 10 represents a good quality diet. A value of 6 represents a poor quality diet of low 
digestibility. 

b DI"ll = dry matter intake. 
C q = diet metabolisable energylgross energy. The gross energy of most ruminant diets is between 18 and 19 MJ/kg. 
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amounts of minerals. Wool contains higher 
concentrations of sulfur, selenium and zinc 
than most other body tissues, and is partic­
ularly sensitive to deficiencies of these ele­
ments. Likewise, milk contains high levels 
of calcium and sodium, thereby increasing 
the requirement during lactation by almost 
50% (AFRC 1991). The requirement 
expressed as the amount per kg of diet 
changes to a lesser extent during lactation 
than the requirement expressed as amount 
per day because of the increased feed 
intake associated with lactation. Nonethe­
less, high producing dairy cows are unable 

, to meet their requirement for calcium from 
the diet and draw on calcium from bone 
(AFRC 1991). The concentration in milk of 
macro elements such as sodium, calcium, 
phosphorus and potassium remains rela­
tively constant, so that these minerals can 
be spared under conditions of limited 
supply only by reducing milk production 
(McDowell 1992). 

Rapidly growing sheep have a higher 
daily requirement for most minerals than 
sheep of similar age at maintenance by 
virtue of the demands for mineral accretion 
in growing tissues. Since higher growth 
rates are usually associated with diets of 
higher digestibility, requirements expressed 
on a dietary concentration basis need to be 
specified for each level of production and 
each level of metabolisable energy (Table 
1). There is evidence, fQr calcium at least, 
that rapidly growing sheep compensate for 
the increased demand by having a higher 
efficiency of absorption than sheep at 
maintenance (Braithwaite and Riazuddin 
1971). 

Dietary factors 

The form of mineral in the diet and the 
presence or absence of synergistic and 
antagonistic compounds and elements are 
of prime importance in determining whether 
or not the sheep meets its mineral require­
ments. Perhaps the best known interaction 
is between copper, molybdenum and sulfur. 
Figure 2, derived from equations of Suttle 
and McLaughlin (1976), shows that copper 
availability is a function of sulfur and molyb­
denum concentration in pasture. This inter­
action has a larger bearing on the copper 
status of sheep than does the copper con­
centration of pasture. A herbage concentra­
tion of 10 mg/kg copper can cause 
swayback in one area and copper toxicosis 
in another, simply by virtue of the differ­
ences in molybdenum and sulfur status of 
the herbage. 
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Figure 2. The effect of herbage concentrations of 
sulfur and molybdenum on the 
availability of copper to ruminants (from 
Suttle 1983). 

Another notable example of an interaction 
is the effects of potassium fertilizer, protein, 
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sodium, calcium and fats on magnesium 
availability (Henry and Benz 1995) and 
potassium and protein on grass tetany 
(Mayland and Grunes 1979). Poor absorp­
tion of magnesium from forage is consid­
ered to be the most important factor 
causing magnesium deficiency (Wilson and 
Grace 1978), and the increased use of 
potassium fertilizer has a large effect on 
increasing the incidence of hypomagnesae­
mia (Grace 1983). The effects of pasture 
magnesium, potassium, sodium, calcium 
and protein on the incidence of grass tetany 
in cattle in the Netherlands are shown in 
Figures 3 and 4. 
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Figure 3. The effect of the pasture concentration 
of potassium, calcium and magnesium 
on the incidence of grass tetany in cattle 
in the Netherlands (Mayland and 
Grunes 1979; Kemp and 't Hart 1957). 

In addition to interactions, the chemical 
form of the mineral is critical in determining 
availability. Availability of magnesium from 
ground magnesite and dolomite is less than 
half that from magnesium sulfate (Henry 
and Benz 1995). Heating magnesite pro-
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duces magnesium oxide (MgO). If the tem­
perature is too high (> 11 oooe, 'dead burnt') 
the availability is little different from mag­
nesite, whereas at temperatures between 
800 and 1100°C ('light burn' MgO) the 
magnesium availability is increased by a 
factor of three above unprocessed magnes­
ite. 

Calcium oxalates have low availability to 
sheep and they are present in high concen­
trations in some forages, particularly tropi­
cal grasses. Oxalates have been suggested 
as a cause of hypocalcaemia in Latin 
America (Kiatoko et al. 1978) and transit 
tetany in Australia (Minson 1990). Lucerne 
(Medicago sativa) contains 20-30% of 
calcium as calcium oxalate (Blaney et al. 
1982). 
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Figure 4. The effect of protein and potassium on serum magnesium 
concentration and on the risk of grass tetany in cattle (from Mayland 
and Grunes 1979). CP = crude protein. 




