: aw Australian Wool
o Innowvation Lirmibed

PROJECT FINAL REPORT

Project No. ON-00385

Contract No. 4500008189

AWI Project Manager: Carolina Diaz
Contractor Name: Charles Sturt University
Prepared by: Michael Friend

Publication date: 28 September 2018

Managing metabolic disorders in pregnant ewes to improve ewe and
lamb survival

Project team:

Michael Friend, Marie Bhanugopan, Shawn McGrath, Forough Ataollahi, Sam Scarlett, Susan
Robertson, Janelle Hocking Edwards, Emma Winslow, Serina Hancock, Andrew Thompson, David
Masters, Gordon Refshauge

]][ Ch?rles.Sturt " a @MHEE‘RFP{L“‘!" Department of
Unwers:ty T e NSW | primary Industries

Published by Australian Wool Innovation Limited, Level 6, 68 Harrington Street, THE ROCKS, NSW, 2000

This publication should only be used as a general aid and is not a substitute for specific advice. To the extent permitted by law,
we exclude all liability for loss or damage arising from the use of the information in this publication.

© 2018 Australian Wool Innovation Limited. All rights reserved. Australian Wool Innovation Limited gratefully acknowledges the funds provided by the Australian
government to support the research, development and innovation detailed in this publication.



Contents

Executive Summary

1.
2.

2 | Page

Introduction/Hypothesis

Literature Review

Causes of lamb mortality in grazing sheep

Causes and consequences of prolonged and difficult birth

Calcium deficiency in grazing sheep and potential role in lamb mortality

Hypocalcaemia, frequency, timing and physiological state
Metabolic mechanisms for calcium
Subclinical hypocalcaemia

Dietary factors that influence hypocalcaemia

Magnesium deficiency in grazing sheep and potential role in lamb mortality

Conclusion

Hypomagnesaemia, frequency and physiological state
Metabolic mechanisms

Secondary disorders

Sub-clinical magnesium deficiency

Hypomagnesaemia and lamb mortality

Dietary interaction of magnesium with other mineral/nutrients

Non-dietary influences on magnesium activity and function

Project Objectives

Success in Achieving Objectives

Study 1. Evaluating the calcium and magnesium status of grazing ewes and relationships with

dystocia and lamb mortality

Aim
Methods
Results

Discussion

Study 2. Mineral supplementation of pen-fed ewes to improve immunity and metabolism

Aim

Methods

Page

00 N N O

10
10
11
12
14
14
14
15
16
16
16
18
19
20
20

22
22
22
24
30
33
33
33



O\

PROJECT FINAL REPORT aW Australian Wool

Innovation Limited

Results 35
Discussion 42
7. Study 3. Mineral supplementation of grazing ewes to improve lamb survival 46
Aim 46
Methods 46
Results 49
Discussion 53
8. Study 4. Mineral supplementation of grazing ewes to improve survival and mineral status 55
Aim 55
Methods 55
Results 57
Discussion 59
9. General Discussion 61
10. Impact of Wool Industry — Now & in 5 years’ time 62
11. Conclusions and Recommendations 63
12. Bibliography 65
13. List of abbreviations 85

Page | 3



EXECUTIVE SUMMARY

Suboptimal levels of lamb survival are the largest contributor to reproductive wastage in Australian sheep flocks
(Kleemann & Walker 2005), with an average 20% of lambs born dying mainly within 3 days of birth (Hinch &
Brien 2014). This results in substantial loss of production, producer and industry income, and is increasingly

being perceived as poor animal welfare. Improving lamb survival is therefore a priority for the industry.

Dystocia and the starvation-mismothering-exposure complex are generally the major causes of perinatal lamb
mortality, and in combination account for approximately 80% of deaths. Management to reduce mortality
therefore needs to address these causes to be effective. Clinical deficiencies of calcium (Ca) and magnesium
(Mg) contribute to both ewe and lamb mortality, but their incidence is typically low. There is an increased risk of
these disorders on lush, grass-based pastures, due to lower levels of calcium and magnesium in grasses than
legumes. The role of sub-clinical deficiencies in lamb survival is less clear, but potential mechanisms include a
reduction in muscle contractions and cervical dilation increasing the duration of parturition (leading to dystocia),

appetite suppression, and through poorer temperature regulation and neuronal injury in newborns.

The aim of this project was to determine the extent of any reduction in calcium or magnesium during late
pregnancy in ewes grazing common pastures; whether this was associated with increased lamb mortality; and
whether mineral supplementation could be used to improve the calcium and magnesium status of reproducing
ewes, reducing the incidence and consequences of sub-clinical hypocalcaemia and hypomagnesaemia, in

particular, lamb mortality.

A review of the literature found evidence indicative of potential mechanisms whereby subclinical calcium and
magnesium deficiencies might reduce lamb survival. Monitoring of 16 lambing flocks across NSW, SA, VIC and
WA in 2016 demonstrated that a third of flocks had more than 20% of ewes with below adequate calcium or
magnesium concentrations a week before lambing, when grazing typical pastures. An intensive pen study with
twin-bearing ewes showed that although the calcium and mineral status of ewes did not significantly alter the
duration of parturition (although there was a statistical trend, P<0.10), supplementation with minerals did
improve energy regulation in the ewe, potentially enabling the ewe to maintain health in less optimal conditions.
Furthermore, mineral supplementation improved the immune response in both ewes and lambs, proving a
mechanism through which lamb survival might be altered. Lamb weight at 4 weeks of age was also improved by
supplementation. The pen study did not contain sufficient ewes to measure lamb survival, so the impact of

supplementation was tested in grazing ewes on commercial properties.

In 2017, a replicated study used 5 flocks (across NSW, SA, and WA) with control and supplemented groups. The
supplement offered provided Ca, Mg and sodium (Na) in a form designed to reduce the dietary cation-anion

difference (DCAD), and was similar in composition to that offered in a recent experiment on grazing cereals,
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which was readily consumed by sheep and improved their Ca and Mg status (Masters et al. in press). The
mineral supplement was only consumed in amounts that could be effective by two of these flocks, but did not
improve lamb survival in any flock. The study was repeated in 2018 on another flock, comparing both standard
(1:1:1 lime, causmag and salt) and the low DCAD supplements, to test whether the form of the supplement was
an issue. In this study, both supplements were readily consumed near the target level of 20 g/ewe/day, but had
minimal effects on plasma and urine calcium and magnesium levels, and did not improve lamb survival. This
may have been due to variable intake of the supplement, type of pasture or level of grain feeding, since
metabolic levels were manipulated in the previous pen study where sheep were individually fed known amounts

of Ca and Mg.

It is concluded that many late pregnant ewes in Australian grazing flocks are sub-clinically deficient in calcium
and magnesium. While the supplementation studies undertaken on commercial flocks grazing common pastures
did not show any improvement in lamb survival, supplementation was shown to improve the metabolic status of
ewes and the immunity of their lambs under a controlled feeding situation, which can be expected to reduce the
risk of clinical metabolic disorders and other contributors to lamb mortality. The low cost of supplementation

warrants their use as a possible preventative measure.
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1. INTRODUCTION/HYPOTHESIS

In Australia, an average 20 to 30% of lambs born die within 3 days of birth (Hinch & Brien 2014), although the
level varies considerably between farms, regions and years (Oldham et al. 2011; Curtis 2014; Hinch & Brien 2014;
Paganoni et al. 2014). Perinatal lamb mortality is the largest source of reproductive wastage in sheep (Kleemann
& Walker 2005), causing significant financial loss, with an increasing risk of being perceived as poor animal
welfare. Identifying management which could improve lamb survival is therefore a priority for the sheep

industry.

Dystocia is one of the key causes of lamb mortality in the perinatal period (Hinch & Brien 2014), so is a key area
where there may be potential for management intervention. Calcium deficiency may be implicated in higher
rates of dystocia (Silva & Noakes 1984) and therefore reduced lamb survival. There is some evidence,
unsurprisingly, that ewes recovering from clinical hypocalcaemia will have lower lamb survival (Nosdgl & Waage
1981). Supplementation with Mg has reduced piglet mortality (Trawnska et al. 2013; Zang et al. 2014).
However, it is unknown whether sub-clinical deficiencies of either Ca or Mg could have an impact on lamb

survival.

That acute hypocalcaemia and hypomagnesaemia exist in Australian sheep flocks is well documented (Herd
1966b; Caple et al. 1988b), however the occurrence is usually in a small percentage of the flock. Clinical disease
usually occurs when sheep are grazing winter or spring pastures or young vegetative dual-purpose cereal crops.
These forages may be marginal in Ca and Mg but with a high dietary cation-anion difference (DCAD) and high
concentrations of potassium (K) and nitrogen (N) (Grant et al. 1988; Masters & Thompson 2016). The low
sodium (Na) in grazed vegetative wheat further predisposes grazing sheep to Mg deficiency (Dove 2007; Dove &
McMullen 2009; Dove et al. 2012; Dove & Kelman 2015; Dove et al. 2016; Masters & Thompson 2016).
Therefore, in flocks that show clinical signs, it is likely that a high proportion of the sheep in that flock have a low
Ca and Mg status. The potential for sub-clinical deficiencies on the wider range of common pastures that

lambing ewes typically graze is, however, unknown.

The aim of this project was to evaluate the potential for sub-clinical calcium and magnesium deficiencies in ewes
to influence the rate of lamb survival. The studies aimed to identify whether sub-clinical deficiencies occurred in
ewes grazing common pastures, whether this was associated with reduced lamb survival, and whether mineral

supplementation could therefore improve lamb survival.
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2. LITERATURE REVIEW

Below is a draft review which will be submitted for publication in a scientific journal, most likely Animal
Production Science. The review was written by Marie Bhanugopan, Janelle Hocking Edwards, Michael Friend,
Serina Hancock, Kate Louden, David Masters, Shawn McGrath, Peter McGilchrist, David Miller and Gordon

Refshauge.
Causes of lamb mortality in grazing sheep

Dystocia and the starvation-mismothering-exposure complex are generally the two major causes of lamb
mortality (Kenyon et al. 2003; Geenty et al. 2014). A recent analysis of 26,630 birth records and 3,198 necropsy
records (birth to 5 days of age) from the Sheep CRC Information Nucleus Flock, indicated that 48% of the lambs
that died were either dead from causes associated with difficult and prolonged birth (still birth, dystocia and
birth injury), approximately 25% died of starvation and mismothering, approximately 10% were dead in utero,
and less than 1% died from infection (Refshauge et al. 2016). The results of autopsies of 4417 lambs in WA
indicated that 46% were caused by starvation, 18% by dystocia, 9% by congenital defects and 9% by infection.
Management to improve lamb survival therefore needs to target the causes of either dystocia, and/or the
starvation-mismothering-exposure complex if large improvements are to be achieved. For mineral imbalances
to be implicated in the death of the majority of lambs, then it would need to occur through dystocia leading to
difficult or prolonged birth processes, reduced lamb viability (independent of dystocia issues) or via

complications with milk let down, colostrum quality and milk yield.

Birthweight is the single largest determinant of lamb survival in the first few days of life and is influenced by
birth type and lamb gender (Kelly 1992; Schreurs et al. 2010) as well as maternal nutrition during pregnancy
(Oldham et al. 2011; Paganoni et al. 2014). Irrespective of the source of variation in birthweight, survival is
lower in very small lambs, where death is due to the starvation-mismothering-exposure complex, or very big
lambs which are more likely to die due to dystocia (Hinch & Brien 2014). Feeding ewes to maximise the number
of lambs born within the desired weight range will reduce lamb mortality (Mukasa-Mugerwa et al. 1994; Oldham
et al. 2011), but the majority of lambs which die are within the optimal birthweight range, so factors in addition

to birthweight are important.

Nutritional supplements may improve lamb survival independent of birthweight (Hinch et al. 1996) and

deficiencies of many specific nutrients such as iodine (), zinc (Zn), selenium (Se), vitamin E (vit E) and copper (Cu)
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(Masters & Fels 1980; Judson & McFarlane 1998; Liu et al. 2014) compromise the outcome of pregnancy directly,
or disrupt the ability of the ewe to deal with environmental or physical stress. For example, | deficiency will
reduce thermogenesis and increase susceptibility to cold stress (Caple et al. 1985) and Se deficiency will depress
immune function (Hogan et al. 1993). Along with this, Ca and Mg deficiency will increase ewe mortality during

pregnancy and deficiencies in a range of nutrients will cause abnormal fetal development (Robinson et al. 2002).

Causes and consequences of prolonged and difficult birth

Dystocia is defined as a difficult birth (Arthur 1975) or birth process due to a long, unassisted parturition or a
prolonged or severe delivery requiring assistance (Zaborski et al. 2009), the causes for which are maternal or
fetal in origin. Left unassisted, dystocia directly compromises dam and neonatal survival (Arnold & Morgan
1975; Smith 1977), while for survivors lasting implications include reduced progeny vigour (Dwyer 2003; Dwyer
& Biinger 2012; Fonséca et al. 2014), impaired maternal instinct, delays in lamb development, reduced dam
fertility and more stillbirths in subsequent pregnancies (Fogarty et al. 1992; Waage & Wangensteen 2013; Dwyer
2014).

The fetal origin of dystocia is limited to fetal oversize, malpresentation and congenital deformities, while the
maternal origins of dystocia are due to issues affecting the expulsive forces (Arthur 1975) or pelvic constriction,
including the mismatch between the fetal size and pelvic shape (George 1976; McSporran & Fielden 1979; Cloete
et al. 1998).

The expulsive forces affecting uterine inertia can be impaired due to a ruptured uterus, uterine torsion, defects
of the myometrium, excessively large fetus or a large number of fetuses, hormonal imbalance, premature birth
or environmental disturbance, and a possible role for Ca and Mg deficiencies has also been suggested (Arthur

1975; Lane et al. 2015).

Dystocia may occur following insufficient dilation, such as when observed with uterine torsion. Impaired dilation
affects the cervix, vagina and vulva, but none of these appear to be affected directly by mineral nutrition (Arthur
1975). Incomplete dilation of the cervix varies from year to year, with the possibility of an environmental cause
impacting on the endocrine system (Arthur 1975). Hindson (1961) reported an increased incidence of incomplete
dilation in seasons when grass was abundant, compared to a lower incidence in years of very dry seasons and
lower twinning rates. In this example, unfortunately, pasture abundance is confounded with litter size, such that
either grass dominant forages (i.e. high K, low Na, low Ca, low Mg) or the higher mineral nutrient demand of

twin and triplet pregnancies (CSIRO 2007), or both are involved with incomplete dilation.

The probability of dystocia has been shown to increase when maternal heat loss was greater in the fortnight
prior to parturition, reducing lamb viability (Everett-Hincks & Dodds 2008). Greater heat loss in the three days

prior to parturition increased losses to dystocia and starvation/exposure and these effects were more important
8 | Page
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than the weather that occurred during lambing. These authors concluded that heat loss was affecting maternal
energy balance. Cold weather may have another effect, which is to increase K and decrease Mg uptake by the
root system of the plant (Elliott 2009). An increased dietary intake of K may lower the absorption of Ca

(Bhanugopan et al. 2015), which may also partly affect parturition duration.

Prolonged parturition increases the risk of hypoxia (a deficiency of oxygen), hypoxaemia (low blood flow),
hypercapnia (elevated carbon dioxide in the blood) and metabolic acidosis leading to death due to hypoxic
ischemic encephalopathy (brain injury caused by oxygen deprivation) (Dutra & Banchero 2011). Asphyxia at
birth is a key factor affecting lamb mortality and many of the factors typically associated with lamb mortality
affect the duration of birth including birth weight, placental size, litter size, sex, lamb body dimensions and dam
breed (Dutra & Banchero 2011; McHugh et al. 2016). The metabolic consequences of depleted oxygen include a
rapid depletion of high-energy phosphate reserves, including adenosine triphosphate; accumulation of lactic acid
and the inability to maintain cellular functions. Disrupted cellular functions include transcellular ion pumping,

resulting in intracellular accumulation of Na, Ca and water (Perlman 2006).

Mishra & Delivoria-Papadopoulos (1999) suggest the susceptibility of the fetal brain to hypoxia increases as the
brain develops closer to term. The factors affecting the susceptibility of the neonatal brain to hypoxia may
include the lipid composition of the brain cell membrane; the rate of lipid peroxidation; the presence of
antioxidant defences and; the development and modulation of the excitatory neurotransmitter receptors, such
as the N-methyl-D-aspartate (NMDA) receptor, the intracellular Ca** and intranuclear Ca** influx mechanisms
(Mishra & Delivoria-Papadopoulos 1999). Both lipid peroxidation and hypoxia can affect phosphorylation
mechanisms and the activity of sodium-potassium adenosine triphosphatase, which supports cellular ionic
gradients. Between 6 and 48 hours after the primary hypoxic event, a secondary cerebral energy failure appears
to occur (Perlman 2006) and this will be associated with a rapid depletion of ATP. Ischemic neurons first appear
24 hours post-partum and increase in number between 48 hours and 5 days (Dutra et al. 2007). A potential role

for Mg in neuroprotection is described later in this review.
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Calcium deficiency in grazing sheep and potential role in lamb mortality

Hypocalcaemia, frequency, timing and physiological state

The normal reference range for plasma Ca is 8.5 to 10 g/dl, and a sudden decrease in the concentration may
result in hypocalcaemia. In clinically hypocalcaemic recumbent sheep, serum Ca concentrations may be below
1.0 mmol/L. Without appropriate therapy, the condition develops to coma, and death follows 24 to 48 hours

after onset of recumbency (Treacher & Caja 2002; Scott 2013).

Hypocalcaemia may lead to the development of secondary diseases such as an increased incidence of dystocia,
retained placenta, displaced abomasum, and uterine prolapse in dairy cows (Curtis et al. 1983b; Grohn et al.
1990). In ewes with experimentally induced hypocalcaemia, lower uterine activity during parturition was linked
to an increase in dystocia (Silva & Noakes 1984). Nosdg@l & Waage (1981) reported that ewes that recovered
from hypocalcaemia had increased lamb loss due to premature birth. Caple et al. (1988b), reported that sub-
clinical hypocalcaemia in ewes resulted in lower lamb survival rates. Thus, clinical and sub-clinical
hypocalcaemia could be predisposing factors to dystocia and uterine inertia increasing the incidence of lamb

mortality.

Hypocalcaemia is widespread in Australia. In the GHD Pty Ltd (2015) report, the percentage of flocks affected
was assumed to vary from 0.2% to 0.4% depending on rainfall zone and sheep class. This estimate would appear
very conservative when compared with historical estimates of 100,000 — 300,000 pregnant ewes dying from

hypocalcaemia each year in Victoria alone (Caple et al. 1988b).

Hypocalcaemia occurs due to transfer of Ca to the growing fetus and milk resulting in a negative maternal Ca
balance during late pregnancy and early lactation (Braithwaite et al. 1969; Braithwaite et al. 1970; Sansom et al.
1982). Susceptibility increases from about 6 weeks prior to lambing to about 3 to 4 weeks after lambing. Most
cases occur in the last few weeks of gestation when the fetal skeletons are mineralising (Nosd@l & Waage 1981;
Bozos et al. 2011; Baird & Pugh 2012a; Scott 2013). The Ca requirement of twin-bearing ewes is higher than
single-bearing ewes, making them more susceptible to hypocalcaemia (Treacher & Caja 2002; Suttle 2010).

Older ewes are also more susceptible due to depletion of Ca reserves in previous pregnancies (Sargison 2009).

Metabolic mechanisms for calcium

In adult animals, 99% of total body Ca is found in the bone, and the remaining 1% is within intracellular and
extracellular fluid (Suttle 2010). Ca plays an important role in blood clotting, skeletal and smooth muscle
contraction, in the release of neurotransmitter in neuromuscular junction and acts as second messenger and as
cofactors in number of metabolic functions within the body (Goff 1989; Cunningham & Klein 2013). Low Ca

concentrations allow Na to enter nerve cells, which increases nerve irritability resulting in spontaneous
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contractions and fasciculations of skeletal and smooth muscle (Coffman 1980; Gordon 1989; Breazile 1994). In
muscles, lack of Ca prevents initiation of muscle contractions that are initiated by Ca release from the
sarcoplasmatic reticulum and mechanically effectuated through Ca binding to troponin C, which enables
formation of actin-myosin complexes (Iggo 1983; Gordon 1989; Breazile 1994). Troponin C has 4 receptor sites,
2 of which have high affinity for Ca and 2 for which Ca and Mg compete (Gordon 1989). The role of the specific
Ca binding site is essential in the process of muscle contraction (Ward et al. 2000), whereas Mg plays a modifying
role at this level (Gordon 1989). Hypomagnesemia potentiates the effects of hypocalcaemia (Smith & Wagner
1985) because it increases the release of acetylcholine at neuromuscular junctions (Gordon 1989). Expressions
of over-excitability of the peripheral nerves or CNS are also caused by disturbances in Ca, Mg, or K

concentrations (Kimura 1989; Jableck 1993).
Sub-clinical hypocalcaemia

The consensus is that an animal with a blood Ca concentration between 8.0 mg/dl (2.0 mmol/l) and 5.6 mg/dI
(1.4 mmol/I) and not showing clinical signs, can be considered as having sub-clinical hypocalcaemia. Although
cows with sub-clinical hypocalcaemia exhibit no observable clinical signs, they do manifest less specific
symptoms, such as loss of appetite and muscle weakness, and are predisposed to perinatal diseases, including
ketosis, dystocia, placental retention, displacement of the abomasum, uterine prolapse, endometritis, and
mastitis (Curtis et al. 1983a; Risco et al. 1984; Reinhardt et al. 2011; Martinez et al. 2012). Both hypocalcaemia
and sub-clinical hypocalcaemia suppress rumen and abomasal motility (Huber et al. 1981; Daniel 1983) and
appetite (Field et al. 1975; Beede 1992; Underwood & Suttle 1999), thereby compromising dry matter intake and
predisposing animals to pregnancy toxaemia. Hypocalcaemia also predisposes animals to postpartum diseases
such as mastitis and metritis which suppress appetite (Martinez et al. 2012), also predisposing animals to

pregnancy toxaemia (Martinez et al. 2014).

In sheep, low blood Ca has been associated with prolapse in pre-parturient ewes not showing signs of
hypocalcaemia. Dietary Ca and/or factors affecting its dietary absorption or bone resorption were contributing
factors (Stubbings 1971; Sobiraj et al. 1986). In Saudi Arabia and Iraq, incomplete cervical dilation is an
important cause of dystocia and affected ewes do respond to parenteral sources of Ca or prostaglandin PGF2a
(Majeed and Taha 1989; Ali 2011). The literature on hypocalcaemia, however, focusses on clinical deficiencies
and ewe health and it remains unclear whether sub-clinical hypocalcaemia is a cause or contributing factor in

dystocia.
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Dietary factors that influence hypocalcaemia

A ewe with a single fetus or lamb grazing a temperate pasture with dry matter digestibility of 74% and
maintaining a maternal weight of 50 kg requires a dietary Ca concentration of 0.40% DM in late pregnancy, and

0.38% DM during lactation (CSIRO 2007).

Some difference is apparent in the literature in regard to the role of a diet deficient in Ca in the occurrence of
hypocalcaemia. Larsen et al. (1986) and Elias & Shainkin-Kestenbaum (1990) suggested that a diet deficient in
Ca during the last month of pregnancy may facilitate hypocalcaemia in ewes as a constant dietary intake is
required to offset the loss of Ca to the fetus. However, Sykes (2007) asserts that hypocalcaemia is almost always
due to the failure of the endocrinology system to respond to increased demand by increasing resorption from

bone and gastrointestinal absorption rather than from a dietary deficiency of Ca.

It is therefore not surprising that divergent views exist on the supplementation of ewes during late-pregnancy.
Larsen et al. (1986) suggests that Ca supplements such as limestone may be beneficial, however Sykes (2007)
argues that such an approach may be counterproductive as it works against the bodies homeostatic
mechanisms. In dairy cows, an approach of feeding low Ca diets during late pregnancy is commonly used to
stimulate homeostatic mechanisms well before calving. However, under different circumstances, both high and
low dietary Ca have been shown to prevent milk fever (McNeill et al. 2002). Goff & Horst (1997a) reported that
dietary Ca intake did not have a significant effect on the incidence of milk fever in dairy cows, and these
researchers suggested the benefits of a low dietary Ca preventing hypocalcaemia observed in some studies may
relate to a concurrent reduction in dietary K rather than low dietary Ca per se. If this relationship is similar in
sheep, the high K concentration of wheat forage (Dove & McMullen 2009) and other winter and spring forages

(Jacobs & Rigby 1999) may increase the risk of hypocalcaemia in reproducing ewes grazing these forages.

An approach recommended by Robinson et al. (2002) is provision of a low Ca diet to ewes prior to the large
increase in demand during late pregnancy to stimulate the homeostatic mechanism involving PTH. Dietary Ca is
then increased as lambing approaches. However, the risk of hypocalcaemia is not necessarily increased by
feeding high Ca levels earlier in pregnancy (Sansom et al. 1982), and the timing of changes to dietary
supplements may not be practical in the extensive sheep industry (Sykes 2007) where ewes typically lamb over a
period of in excess of 4 weeks. Furthermore, Wilkens et al. (2012) reported that goats, but not sheep, are able
to increase Ca absorption from the intestine in response to dietary restriction in Ca. Restricting dietary Ca for
late-pregnant ewes under Australian conditions may therefore not be appropriate for preventing hypocalcaemia

in sheep.

Excess phosphorus (P) in the diet reduces bone resorption and is a predisposing factor in hypocalcaemia. A

dietary Ca:P ratio in the range of 1.4:1.0 to 1.0:1.0 is recommended (Treacher & Caja 2002).
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Mg status of ewes may be important for Ca homeostasis. Ca absorption in the gastrointestinal tract is increased
by increasing the Mg intake of sheep (Kozakai et al. 2002). Schneider et al. (1985) considered this result
indicated that either synthesis of and/or end organ response to vitamin D is impaired in Mg deficient sheep.
Goff (2006) concluded that hypomagnesaemia both reduces PTH secretion in response to hypocalcaemia and
reduces tissue sensitivity to PTH. Mg intake and status of sheep is therefore important for Ca homeostasis, and
it is unsurprising that hypocalcaemia often occurs in the later stages of hypomagnesaemia. Herd (1965)
reported that hypocalcaemia did not occur when serum Mg levels were normal, although a combined
hypocalcaemia/ hypomagnesaemia in the lactating ewe is not always sufficient condition for clinical grass tetany
(Herd 1966b). It is not clear why, in some cases of high ewe mortality observed in northern NSW associated with
ewes grazing wheat crops and other lush pastures, a concurrent hypermagnesaemia was observed with
hypocalcaemia in affected ewes; although the same report noted that some sick ewes responded to intravenous
infusion of magnesium sulphate (Blumer et al. 1939), implying a Mg deficiency. A possible explanation is that if
Mg intake is high enough to cause an increase in blood pH, this could negatively impact Ca homeostasis (Suttle

2010).

Although there are some studies indicating ruminants consuming a high potassium diet increase or show no
change in absorption of Ca (Newton et al. 1972; Greene et al. 1983a; Grings & Male 1987; Fredeen 1990), the
weight of evidence suggests that high K intake is a risk factor in the development of hypocalcaemia. High K will
increase the cation-anion difference and may also reduce Mg absorption. Studies have shown that K
competitively inhibits Ca accumulation by intestinal slices in vitro (Schachter et al. 1960). Greene et al. (1983a)
and Wylie et al. (1985) observed that Ca absorption tended to be reduced when high levels of K were fed.
Dietary K levels of greater than 30g/kg DM resulted in decrease in Ca absorption and retention in Welsh
mountain sheep (Phillips et al. 2006). Similar results were also found by (Bhanugopan et al. 2015), where an

increase in K in the diet led to a decrease in Ca absorption index from the intestine.

Reducing the dietary cation-anion difference (DCAD, calculated as ([(Na+K)-(CI+S)], in mEq) reduces blood pH,
promoting Ca absorption from the small intestine and resorption from bone (McNeill et al. 2002). This has been
exploited in dairy cows to prevent hypocalcaemia by feeding anionic supplements to dry cows during the last 3
weeks before calving to reduce the DCAD of the diet (McNeill et al. 2002; Goff 2006). In pasture-based dairy
systems, the results of using anionic salts to prevent hypocalcaemia have been less convincing, perhaps due to

the high DCAD of pastures, and particularly the high K content (McNeill et al. 2002; CSIRO 2007).
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A change to lush pasture with a low dry matter content may reduce Ca absorption; an average dry matter
concentration of 12.8% DM (range 8.1 - 19.9% DM) was reported in mixed pastures associated with the
occurrence of hypocalcaemia in late-pregnant ewes, perhaps due to reduced Ca absorption associated with
increased rate of flow of digesta (Larsen et al. 1986). Ewes grazing such pastures have difficulties to maintaining

adequate concentrations of Ca in plasma (Grant et al. 1988).

The vitamin D status of ewes has been implicated in the development and prevention of hypocalcaemia.
Seasonal deficiency in vitamin D has been reported in ewes and lambs in south-eastern Australia along with
improved lamb survival in lambs supplemented with vitamin D at marking (Caple et al. 1988b). However, a short
period of reduced in vivo synthesis is unlikely to be of importance because body stores of vitamin D in adult

animals can make good a dietary deficiency for several months (CSIRO 2007).

Magnesium deficiency in grazing sheep and potential role in lamb mortality

Hypomagnesaemia, frequency and physiological state

Clinical hypomagnesaemia is also known as grass tetany, grass staggers, lactation tetany, wheat pasture
poisoning and winter tetany (Berger 1992). Before tetany occurs in sheep, ewes appear nervous or excited, with
trembling, particularly in the facial muscles; onset is rapid and the disease can result in death if untreated

(Treacher & Caja 2002).

Clinical hypomagnesaemia is less common in ewes than cows, perhaps because of greater Mg absorption and
retention in sheep (Thompson & Reid 1981; CSIRO 2007). While the incidence is generally low in sheep,
hypomagnesaemia can be a problem in individual flocks at pasture at the peak of lactation, in the first 4 to 8
weeks after lambing (Herd 1965; Treacher & Caja 2002). It is more common in older ewes rearing twin lambs,
particularly if underfed (Treacher & Caja 2002). This increased susceptibility may relate to reduced bone
turnover rates in older sheep (Sykes 2007) and higher loss of Mg associated with higher milk production in ewes
with multiple lambs (Snowder & Glimp 1991). Producer-reported cases of grass tetany associated with grazing
dual-purpose wheat in southern NSW ranged from 0.3-2.0% of ewes in flocks where hypomagnesaemia was
reported, with 24% of flocks reporting some level of losses to grass tetany when grazing wheat (McGrath et al.

2013).

Metabolic mechanisms

The skeleton contains approximately 60 - 70% of the Mg in the body, muscle 25% and extracellular space 1%

(CSIRO 2007). Mg is the most abundant intracellular divalent cation and is a cofactor for many enzymes involved
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in oxidative phosphorylation and the metabolism of carbohydrates, lipids, proteins and nucleic acids (CSIRO
2007). Non-enzymatic functions include influencing folding of ribnucleotide chains, cell membrane integrity and
influences on muscle contraction through exchanges with Ca (Suttle 2010). Mg is also associated with Ca
homeostasis through involvement in the interaction between PTH with its receptors on bone and kidney cells
(McDonald et al. 2011). The important role of extracellular Mg in moderation of nerve impulses and
neuromuscular transmission has important implications for animal health; a reduction in blood Mg can reduce
the concentration of Mg concentration in cerebrospinal fluid; if this level falls below 0.5 mmol/I
hypomagnesaemic tetany may result (CSIRO 2007). Ruminants only have a small body reserve of Mg, most of
which is bound in the skeleton and can only be released with bone resorption, and the animal is therefore reliant

on dietary supply of Mg (Sykes 2007).

The Mg content of milk is low (4 mmol/L); however, loss of Mg represents a continuous drain on maternal
reserves even when a deficiency occurs (Suttle 2010), and requirements of lactating ewes (0.12 % DM) are
higher than for dry adult sheep (CSIRO 2007). Sheep cannot readily mobilise Mg stored within the body, so
factors that reduce absorption of Mg to meet immediate demand, including reduced dietary supply of Mg, may
cause hypomagnesaemia (Sykes 2007). Furthermore, even when Mg levels in forage appear adequate a

deficiency could still occur (Swerczek 2008).
Secondary disorders

Hormonal control of carbohydrate metabolism

Mg is an essential cofactor for all metabolic reactions utilizing high energy phosphate bonds thus is critical for
the rate-limiting enzymes related to carbohydrate metabolism and in the regulation of certain endocrine
secretions. Mg in the body is not specifically regulated by any one hormonal factor however its balance and

transport is influenced by many hormones including noradrenaline, adrenaline, insulin and glucagon.

Mg deficiency results in poor glycaemic control and insulin resistance by impairing both insulin secretion and its
action on peripheral tissues (Suarez et al. 1995). Hypomagnesaemia in sheep fed diets low in Mg and high in K
resulted in both the depression of insulin-induced glucose disposal and glucose-induced insulin secretion

(Matsunobu et al. 1990).

Immunity transfer
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Colostrum provides immunological protection to the neonatal lamb through the transfer of immunoglubulins
(Nowak & Poindron 2006), and there is some evidence to suggest that lamb mortality is correlated with low
colostrum immunoglobulin concentrations (Tabatabaei et al. 2013). Mg has been shown to have a key role in
immune response (Laires & Monteiro 2008), however its importance to immunity transfer may be a mechanism
by which it is important for neonatal lamb survival. Studies in pigs have shown that supplemental Mg fed to
sows can increase the number of piglets born, born alive and weaned, and the weight gain of litters to weaning
(Zang et al. 2014), and decrease mortality rates of newborn pigs (Trawnska et al. 2013), although other studies
have reported a linear decrease in survival and litter weight at weaning as Mg supplementation levels increased
(Hou et al. 2014). Immunoglobulin A (IgA) levels in sow colostrum and milk increased linearly with increasing Mg

supplementation (Hou et al. 2014).

Sub-clinical magnesium deficiency

The consensus is that an animal with a blood Mg concentration below 2.3 mg/dl (0.9 mmol/l) and 1.7 mg/dl (0.7

mmol/l), and not showing clinical signs, can be considered as having sub-clinical hypomagnesemia.

Hypocalcaemia may facilitate pregnancy toxaemia by exerting additive depressive effects upon the glucose
homeostatic system (Schlumbohm & Harmeyer 2003). The link between Mg and insulin suggests that
hypomagnesaemaia may also have a role in pregnancy toxaemia. By modulating insulin sensitivity and

depressing insulin release, low Mg may further compound the glucose imbalance in ketosis (Hove 1978).

Hypomagnesaemia and lamb mortality

In addition to anoxia, non-lethal hypoxic damage caused during labour contributes to mortality indirectly.
Neuroprotectants limit or slow the neuronal damage during hypoxia. Mg is a neuroprotectant as it acts to limit
cell apoptosis through the reduced production of pro-inflammatory cytokines and free radicals after hypoxia-
ischemia (Marret et al. 2007). Ca and Mg also play a role in temperature regulation of newborns. In rodents it
has been found that low Ca and Mg reduce core body temp and UCP2 expression (a key protein for
thermogenesis due to its role in brown adipose tissue metabolism) in the offspring (Goubern et al. 1993; Zemel

2004).

Dietary interaction of magnesium with other mineral/nutrients

High potassium content of the diet is a risk factor for hypomagnesaemia as it reduces Mg absorption from the
rumen and lowers Ca in serum (Greene et al. 1983c; Khorasani & Armstrong 1990; Schonewille et al. 1999a).
Feedstuffs with K concentration as low as 2 to 3% DM may be tetany prone (Greene et al. 1983c). The
depressive effect of K on Mg absorption may be due to an increase in rumen pH associated with higher K intake

and the increase in salivary buffering that occurs with grazing (Khorasani & Armstrong 1990). K intakes to those
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comparable to sheep grazing spring pastures have been shown to be sufficient to produce tetany at lower Mg
intake (Suttle & Field 1969). The degree to which high ruminal K antagonises Mg absorption is dependent on the
ruminal Mg concentration (Martens & Schweigel 2000). At low ruminal Mg levels, the depressive effect of
ruminal K levels on Mg absorption is much more pronounced than when rumen Mg concentration is high (Ram
et al. 1998; Martens & Schweigel 2000). Thus supplementing with high levels of Mg can overcome the negative

effect of a high K diet on ruminal Mg absorption (Ram et al. 1998; Martens & Schweigel 2000).

Increased production of aldosterone due to sodium deficiency results in a decrease in salivary Na and an
increase in salivary K as a result of increased production and secretion of aldosterone. This subsequently results
in a change of the ratio of these minerals in ruminal fluid (Martens & Schweigel 2000). While it is accepted that
the high ruminal K:Na ratio has a negative effect on Mg absorption, there remains uncertainty about the effect

of variation in the relative concentration of K and Na in the diet of ruminants on Mg absorption (Sykes 2007).

Dietary protein is converted to ammonium in the rumen by ruminal microbes (Annison et al. 2002). Fresh forage
diets can result in high ammonia concentrations in the rumen (Brookes & Nicol 2007), and ruminal ammonium
levels to 30 - 70 mmol/l, equivalent to those from feeding young grasses, have been shown to reduce Mg
absorption from the rumen, with the effect being additive and independent of K (Care et al. 1984). The effects
of raising rumen ammonia concentrations on Mg absorption are inconsistent and transient (Suttle 2010), and
may relate to high levels of K in pasture also containing high protein levels, rather than high protein
concentration per se (Sykes 2007). High dietary protein, including non-protein nitrogenous compounds, has
been implicated as the cause of an anionic imbalance, contributed to by both the dietary intake and the
endogenous production of nitrate by bacteria in the gastrointestinal tract of ruminants (Swerczek 2008). This
may produce excessive anionic ions which are subsequently neutralised by cations, causing the “washing out”
effect of essential cations, including Mg, Ca and Na in urine, faeces and milk (Swerczek 2008), although no

experimental evidence of this effect has been presented.

A high water content in forages can restrict dry matter intake of livestock (Clark & Woodward 2007). A low dry
matter concentration in forage may be linked with metabolic diseases such as hypocalcaemia and
hypomagnesaemia, by reducing the absorption of key minerals as a result of increased rate of flow of digesta

(Larsen et al. 1986; Foster et al. 2007).

The dietary cation-anion difference of a diet affects the acid base balance of the body. Rations with a low or

negative DCAD shift the acid-base to a metabolic acidosis (Stewart 1983). In an experiment with periparturiant
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dairy cows, the concentration of plasma Mg increased as dietary DCAD decreased (Roche et al. 2003). The result
suggests low DCAD inducing a metabolic acidosis is responsible for the increased absorption of Mg (Roche et al.

2003). No similar work has been conducted in sheep.

Indices have been developed to predict the risk of grass tetany caused by interactions between Mg, Ca and K.
The tetany index or tetany ratio, originally developed in the Netherlands, provides an indication of whether
cattle grazing a particular pasture are at greater risk of developing grass tetany. The index is calculated from the

following equation, with all concentrations expressed as a % diet DM (Kempt & ‘t Hart 1957):

% K x 256

% Cax499 + % Mg x 823

The original report noted that incidence of tetany in cows increased rapidly when the index exceeded 2.2 (Kempt
& ‘t Hart 1957), and this ratio has been used in a number of studies to rate the tetany risk associated with
various forages (Mayland et al. 1976; Reeve & Sharkey 1980; Jefferson et al. 2001). The tetany index exceeded 3
at the time when tetany occurred in cows grazing a wheat and rye mixed pasture in a US report (Bohman et al.
1983), but also exceeded 2.2 at other times during the same experiment; despite this tetany was only observed
close to the time of parturition (Bohman et al. 1983). Livestock may therefore need to be in a physiological state
more susceptible to tetany for the tetany index to be relevant. The increase in the tetany index at the time
when tetany occurred was due to increasing K concentration, with Mg and Ca in forage not changing appreciably
(Bohman et al. 1983). In Australian studies with lambs, the tetany index in wheat forage during the grazing
period exceeded 2.2 in all experiments (Dove & McMullen 2009; Dove et al. 2012), however, no cases of tetany
were reported, although an increase in live weight gain in response to mineral supplementation was observed in
the earlier study. As only young sheep were grazing wheat the risk of tetany was lower than for lactating ewes.
Sheep exhibit higher absorption and retention of Mg than cattle (Thompson & Reid 1981), so the relevance of
the tetany index, as an indicator of the risk for sheep grazing pasture, is unclear. As forage K, Mg and Ca can
impact the Mg and Ca status of lactating ewes, the calculation of a similar ratio may be possible; although it is

not clear whether the threshold of 2.2 will vary between species.

Non-dietary influences on magnesium activity and function

Herd (1966b) noted that grass tetany mainly occurs in Border Leicester x Merino ewes mated for prime lamb

production, with the disease appearing to be less prevalent in Merino and Corriedale ewes bred for wool
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production. The author noted that this may reflect both breed and management differences (Herd 1966b).
While it is unclear what differences in management are referred to, prime lamb production systems may lamb
earlier in the calendar year compared to wool production systems to maximise lamb sale weights (Court et al.
2010), and this may correspond to more grass dominant pastures which are more tetany-prone (Smith et al.
1999). Breed differences in milk production (Morgan et al. 2007; Kremer et al. 2010) could also affect Mg
balance through loss of maternal Mg in milk, and breed differences in susceptibility to hypomagnesaemia have

also been reported in the United Kingdom (McDonald et al. 2011).

In mixed pastures, a higher proportion of clover can reduce the risk of grass tetany in cattle (Harris et al. 1983;
Smith et al. 1999). The implication is that livestock may be at greater risk of hypomagnesaemia early in the
season when clover content of pastures is low, or in situations where sheep are grazing grass monocultures such

as dual-purpose wheat crops.

Short fasts may play an important role in precipitating grass tetany symptoms in susceptible animals (Herd
1966a). Change in diet or stress associated with being moved may also induce metabolic disease (Blumer et al.
1939; Schuster et al. 1969). Management to avoid stress, such as yarding of sheep, and consideration of ewe
diet prior to grazing tetany-prone pastures may therefore be important considerations to prevent clinical

hypomagnesaemia.

Conclusion

High lamb mortality remains a significant economic and ethical issue within the Australian sheep industry.
Reports of an association between low Ca and Mg status and uterine inertia, prolapse, brain damage from
hypoxia and lower lamb survival indicate that either an inadequate or unbalanced supply of Mg and Ca during
late pregnancy may cause an increase in lamb mortality. Furthermore, Mg supplementation has been shown to
improve the vitality of offspring and increase the concentration of immunoglobulins in colostrum, also
potentially improving lamb survival. It is well known that some pastures grazed by lambing ewes are likely to be
deficient in calcium and/or magnesium. However, there is limited evidence concerning whether sub-clinical
deficiencies will reduce lamb survival. Further research is required to determine any impact of sub-clinical
deficiencies on lamb survival and related biological processes, and whether provision of supplements can

improve lamb survival cost-effectively.
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3. PROJECT OBJECTIVES

a) Determine to what extent the calcium and magnesium status of ewes is reduced during late pregnancy and

early lactation when grazing common forages.

b) Determine if reduced calcium and/or magnesium status in the ewe is associated with dystocia and/or

increased lamb mortality.

c) If required (based on the outcomes of objectives 1 and 2), assess the options for cost-effective manipulation
of the calcium and magnesium status of reproducing ewes, and the effects on the incidence and consequences

of sub-clinical hypocalcaemia and hypomagnesaemia.

4. SUCCESS IN ACHIEVING OBJECTIVES

All project objectives were successfully achieved. Measurements from 15 properties across NSW, SA, VIC and
WA in 2016 demonstrated that while the soil and forage samples did not indicate a widespread risk of
hypocalcaemia and hypomagnesaemia on commonly grazed forages, blood and urine samples indicated a
significant number of animals were at risk of calcium and magnesium deficiency. This is supported by a further
study at Tullamore in 2017 which found 45% of ewes had below adequate plasma calcium concentration (<90
mg/L) in late pregnancy, and a study at Wagga in 2018 where the percentage of ewes with adequate plasma
magnesium concentration declined from 78% to 28% during late pregnancy, and the proportion with adequate
plasma calcium levels declined from 76% to 19%. These data indicate that blood calcium and magnesium levels
decline markedly in many flocks during late pregnancy to sub-optimal levels when grazing a range of common

pastures.

The grazing studies conducted have not indicated an increased risk of dystocia with low calcium or magnesium
levels, although it may be that insufficient numbers of ewes were used to detect small differences in ewe death
rates, or that the level of sub-clinical deficiency was not sufficient to result in dystocia. Lamb mortality at a flock
level varied widely and was not clearly associated with calcium and magnesium status, suggesting that variation
in breed, environmental conditions at lambing and other management factors may have a larger impact where
deficiencies are sub-clinical. The variability of management used in commercial enterprises makes it difficult to
clearly identify relationships with mineral status, and two supplement studies were conducted to specifically test

for beneficial impacts on ewe and lamb survival.
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Replicated studies using six commercial properties showed no improvement in ewe or lamb survival, nor any
reduction on the incidence of sub-clinical hypocalcaemia and hypomagnesaemia due to Ca and Mg
supplementation. Negligible supplement intake on three of the six properties means this issue needs to be
overcome for widespread adoption. In contrast, when pen-fed a pellet ration, where intake of supplement could
be ensured as indicated by an increase in calcium and magnesium levels, ewes showed improved energy balance
regulation. This could be expected to reduce the risk of hypocalcaemia, hypomagnesaemia and ketosis
(pregnancy toxaemia), particularly under conditions where nutrition is restricted, as often occurs in grazing
situations. Furthermore, in the controlled feeding experiment, contraction length and parturition length was
numerically much (less than half) shorter for second-born lambs from ewes supplemented with Ca and/or Mg,
but due to limited numbers was not statistically significant (P=0.08 and 0.06, respectively). This indicates
supplementation may have benefits in reducing the risk of dystocia. Given the low cost of the supplement
options tested ($0.01 and $0.02 per head per day for the standard and low DCAD supplements), they are cost-
effective options likely to reduce the incidence and consequences of both clinical and sub-clinical hypocalcaemia

and hypomagnesaemia.
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5. STUDY 1. EVALUATING THE CALCIUM AND MAGNESIUM STATUS OF GRAZING EWES AND
RELATIONSHIPS WITH DYSTOCIA AND LAMB MORTALITY

This study detailed below has been published in the journal Animal Production Science (Hocking Edwards et al.

2018).

Aim
The aim of this study was to evaluate the extent of calcium and magnesium deficiencies in a range of common
pastures and the ewes grazing them, whether there was any relationship between mineral status and the level

of dystocia and lamb mortality.

Methods

The study was conducted with co-operating producers on commercial farms during 2016 with approval from the
Charles Sturt University Animal Care and Ethics Committee (Approval number A16029). Farms were located
across sheep-growing regions of Australia to allow for regional variability, and included farms in southern New
South Wales (5), South Australia (5), Western Australia (4) and Victoria (2). Mainly twin-bearing flocks were
used, which were either naturally mated or artificially inseminated. The farms are detailed in Table 5.1. Most

farms used Merino ewes lambing in winter months.

Sampling

Ewes which had been ultrasound scanned with known fetal number, or for which lambing records were to be
obtained, were used. The ewes were placed on lambing paddocks before or at the start of the experimental
period, where the first sampling date commenced at approximately 139 to 148 days after the start of the joining
period/insemination date. Most flocks of ewes had already been grazing their lambing paddock at this time,
although some, due to scarce pasture, were not placed in their lambing paddock until the day of first sampling.
For those flocks, the intention was for ewes to be grazing a similar pasture type as the lambing paddock. After
the first sampling the ewes remained in their lambing paddocks until approximately two weeks after the

completion of lambing, after which the final sampling and measurements were recorded.

At the start and end of the experimental period, 50 ewes within the flock were eartagged, body condition scored
(Jeffries 1961) and blood and urine was collected from a random sample of these. Blood was collected using
vacutainers, and urine was collected using the nasal occlusion method, from the same 10-15 ewes both at the
start and end of the lambing period. At the end of lambing, udder examination of the 50 eartagged ewes was
used to classify rearing status. The number of lambs present at the completion of the lambing period was

recorded and used to calculate survival, and weight recorded for a random selection of 50 lambs. The number of
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ewe deaths during the experimental period was also recorded, although it was not possible to obtain accurate

cause of death for these ewes.

The type of pasture/forage grazed on each farm was recorded, including main species, legume content and live
and dead content. Forage was collected as grab samples from the paddocks grazed on three occasions: at 30
days prior to the first blood sampling; 1-2 weeks prior to lambing; and at the end of lambing. The samples were
collected from at least 10 equidistant sites located along a transect across each paddock. Collection was

according to the instructions provided by the analytical laboratory (http://csbp-fertilisers.com.au/csbp-lab).

Feed on offer was measured at the same times, using quadrats cut to ground level. Soil samples (0-10 cm) were
also collected at these times according to the instructions provided by the analytical laboratory (http://csbp-

fertilisers.com.au/csbp-lab).

Details on any supplementary feeding were also recorded (period fed, type of feed, estimated quantity, and any

mineral supplements).

Sample processing and analysis

Forage samples were dried at 60° C and soil samples dried at 40° C prior to delivery to a commercial analytical
laboratory (CSBP Soil and Plant Analysis Laboratory, Altona St, Bibra Lake, WA, 6163). Forage was analysed
according to the CSBP Standard analysis (nitrogen (N), phosphorus (P), K, sulfur (S), copper (Cu), zinc, (Zn),
manganese (Mn), Ca, Mg, Na, iron (Fe), boron (B), nitrate and chloride) and soils according to the CSBP
Comprehensive analysis (Colwell P and K, sulfur (KCI 40), organic carbon, nitrate N, ammonia N, electrical
conductivity, pH (water), pH (CaCl,), B, trace elements (DTPA Cu, Zn, Mn and Fe) and exchangeable cations (Ca,
Mg, Na, K and aluminium (Al))).

Immediately after collection (on-site), specific gravity and pH of urine was measured (Pocket Refractometer,
PAL-1, Atago, Japan or a FG302/312 portable refractometer, Australian Instrument Services, Melbourne). Sub-
samples of plasma and urine were then placed on ice for transport before being frozen and then stored frozen
prior to being transported to the laboratory. Plasma and urine samples were analysed for concentrations of K,
Na, Mg, Ca, P (Environmental and Analytical Laboratories, Charles Sturt University, Wagga Wagga NSW 2678
using Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP-AES)) and creatinine (Veterinary Diagnostic
Laboratory, School of Animal and Veterinary Sciences, Nathan Cobb Drive, Charles Sturt University, Wagga
Wagga, NSW 2678, Creatinine BLOSRx78 kit), by the kinetic colour Jaffe method using Beckman Coulter AU480

analyser (Beckman Coulter Ltd, UK). The concentrations of Ca, Mg and Na in urine were converted from mg/L to
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umol/mosmol using the equation published by English and Hogan (1979) (osmolality =-39231 + 39214*specific
gravity).

Statistical analysis

Descriptive statistics were used. A Pearson correlation matrix (SAS software v6.1) was used to associate mineral

status of pasture and urine concentrations. Blood and urine data for Hamilton was not available.

Results

Pasture on offer

FOO measured 1-2 weeks prior to lambing ranged from 702 to 3251 kg DM/ha and at the end of lambing ranged
from 474 to 3604 kg DM/ha.

Ewe and lamb survival

The survival of lambs between flocks ranged from 67 to 93% (Table 5.2). While there was no ewe mortality in
five flocks, the highest ewe mortality was 8%. The condition score of ewes 1-2 weeks prior to lambing ranged

from 2.6 to 3.6 and at the end of lambing ranged from 2.2 to 3.3.

Pasture mineral composition

Mineral concentration in the pasture approximately 1 week before the start of lambing are closest to the time of
lambing so are presented in this report, as the correlation with pastures collected at 30 days pre-lambing were
similar. The number of farms with pasture minerals outside accepted limits was low (Table 5.3). A small
proportion of farms had pasture Ca (1/16), Na (3/16) or S (1/16) below published requirements. Some farms
(4/16) also had K above the maximum tolerable level. Pasture from all farms had a DCAD at a level that could
increase the risk of hypocalcaemia, but only 2 had an elevated risk of hypomagnesaemia and none of the forage

collected had an abnormal K/Na+Mg ratio.

Soil mineral analysis

The relationship between soil and the status of mineral in pasture and ewes was examined using a correlation
matrix. There was a strong, significant positive relationship between Ca, Mg and K in soils (P<0.05) but very little
correlation between soil minerals and pasture minerals. The only significant relationships were between
Exchangeable soil Na and pasture Mg (r = 0.58, P<0.05) and pasture K (r=-0.55, P<0.05). There was also a

significant relationship between exchangeable Na on the soil and Na in urine (r=0.62, P<0.05).
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Farm no. Location State Eweno. Lamb breed Fetus Start date End date  Pasture type
no.

1 Wagga Wagga NSW 58 Merino 2 25 May 22 Jun Lucerne/clover

2 Old Junee NSW 82 Merino lor2 11Jul 1 Sep annual ryegrass + oats

3 Old Junee NSW 75 Merino lor2 25 Jul 5 Sep subclover, annual
grass

4 Holbrook NSW 51 Merino 2 9 Aug 12 Oct annual grasses and
phalaris, sub clover
and broadleaf weeds

5 Cowra NSW 53 Merino 2 20 Jun 14 Jul Clover, phalaris,
cocksfoot & annual
grass
(72.4;18.3;8.5;0.8)

Avenue Range SA 280 Merino 2 9 Jun 17 Aug mixed annuals

7 Penola SA 200 Composite 2 21 Jun 15 Aug phalaris and annual
grasses

8 Minnipa SA 50 Merino 2 20 Jun 31 Aug mixed annuals (medic
and annual grass)

9 Kingston SA 263 Merino 2 25 Aug 28 Oct mixed annuals

10 Robe SA 205 Merino 2 24 Aug 24 Oct phalaris

11 Harrow VIC 126 Merino 2 18 Aug 12 Sep phalaris based

12 Broomehill WA 91 Merino 2 9 Jun 29 Jun clover and annual
grasses

13 Wagin WA 75 Dohne 2 10 Jun 19 Jul clover and annual
grasses

14 Katanning WA 51 Merino lor2 20 Jun 25 Jul n/a

15 Kendenup WA 84 Merino lor2 4Jul 10 Aug capeweed dominant
and clover

16 Hamilton VIC 54 White Suffolk 1or2  30Aug 12 Sep Phalaris, rye, clover,

capeweed, barley
grass
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Table 5.2. Sheep and pasture production on 16 farms in 2016.

Farm Location Lamb breed Lamb Ewe mortality Feed on Feed on Condition Condition
no survival (%) (%) offer - start  offer - end score - score-end

(kg DM/ha) (kgDM/ha) start

1 Wagga Wagga Merino 75.0 5.17 1319 1462 2.6 2.6
2 Old Junee Merino 72.9 2.44 889 1623 3.0 3.2
3 Old Junee Merino 72.9 0.00 788 966 3.0 2.8
4 Holbrook Merino 66.7 7.841 3251 3634 2.9 2.8
5 Cowra Merino 80.4 0.00 1205 1255 2.8 2.8
6 Avenue Range Merino 74.5 1.07 967 474 2.7 2.2
7 Penola Composite 79.6 2.50 2100 944 3.4 3.0
8 Minnipa Merino 78.6 2.00 1076 3509 37 34
9 Kingston Merino 72.8 2.66 702 957 2.8 2.6
10 Robe Merino 66.8 1.95 898 1053 3.0 2.9
11 Harrow Merino 65.5 4.76 942 1586 3.2 2.9
12 Broomehill Merino 68.7 3.30 1994 1413 3.0 2.8
13 Wagin Dohne 80.0 0.00 1478 1611 3.3 3.3
14 Katanning Merino 92.5 0.00 1869 1387 3.2 2.8
15 Kendenup Merino na? 0.00 2246 2540 3.6 2.9
16 Hamilton White 81.6 0.00 1039 1123 3.2 31
Suffolk

13 confirmed deaths, 5 ewes missing.

2 Inaccuracies were detected in the scanning results from this farm. Lamb survival results are incorrect and not

presented.

Blood and urine analysis

Ewes on all farms had alkaline urine (pH>7.0) and on most farms high plasma K (12/15) and low plasma Na
(14/15). There was no indication from the group means of plasma Ca that ewes were at risk of hypocalcaemia.
However, on one third of farms 20% of ewes fell below the recommended level. Urine analysis also indicated
that ewes from 14 of the 15 farms were in the marginal range for Ca status, and on all farms more than 20% of
the sampled ewes had low Ca levels (Table 5.4). The mean plasma and urine Mg concentrations on all farms
indicated a low risk of hypomagnesaemia. However, 20% of the sampled ewes on 6/15 farms had low plasma

Mg concentrations.
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Table 5.3. Concentration of major minerals and indicators of the risk of metabolic imbalance in pre-lambing pastures.

Farm no Location Ca Mg P K Na S cl DCAD Tetany  K/(Na+Mg) TotalN
(% DM) (% DM) (% DM) (% DM) (% DM) (% DM) (% DM) (meq/100g  index ratio (% DM)
DM)
Required level >0.41 >0.091 >0.21 >0.5/<31 >0.091 >0.21 >0.11 <122 <2.23 <64 ~2.2
1 Wagga Wagga 1.03 0.20 0.50 3.51 0.02 0.38 0.19 61.7 13 5.2 6.2
2 Old Junee 0.52 0.17 0.31 3.21 0.05 0.29 0.25 59.2 2.1 5.1 4.5
3 Old Junee 0.68 0.22 0.38 2.99 0.07 0.27 0.35 52.9 1.5 3.6 5.1
4 Holbrook 0.56 0.24 0.38 1.94 0.43 0.35 0.31 37.8 1.0 1.3 4.7
5 Cowra 0.46 0.23 0.57 5.29 0.14 0.40 1.20 82.7 3.2 5.4 6.0
6 Avenue Range 0.98 0.23 0.39 2.49 0.79 0.26 1.39 42.7 0.9 1.2 3.2
7 Penola 0.43 0.22 0.41 2.66 0.51 0.27 1.37 34.8 1.7 1.7 3.4
8 Minnipa 0.42 0.14 0.20 2.68 0.64 0.16 1.58 41.9 2.1 1.7 2.0
9 Kingston 0.61 0.21 0.53 2.50 0.30 0.30 1.22 239 1.3 2.1 3.9
10 Robe 0.70 0.38 0.31 2.04 0.31 0.22 1.15 19.6 0.8 1.2 2.6
11 Harrow 0.42 0.17 0.32 2.77 0.22 0.27 0.96 36.6 2.0 3.0 3.1
12 Broomehill 0.97 0.34 0.32 1.54 0.48 0.22 0.90 21.2 0.5 0.8 2.9
13 Wagin 1.03 0.35 0.27 2.04 0.67 0.30 1.28 26.6 0.7 0.9 4.6
14 Katanning 0.99 0.35 0.21 1.32 0.89 0.21 1.16 26.7 0.4 0.5 2.7
15 Kendenup 0.99 0.32 0.31 2.47 0.49 0.24 1.40 30.1 0.8 1.3 33
16 Hamilton 0.38 0.23 0.47 3.45 0.53 0.33 1.40 51.3 23 2.1 4.5
Number outside limits 1 0 0 4 3 1 0 16 2 0 1

1 Derived from Freer et al. (2007) and/or National Research Council (2005). 2 Estimated from Takagi and Block (1991), DCAD = (Na/0.023 + K/0.039)-(Cl/0.0355 + S/0.016).

3 Risk index for cattle (Kempt and ‘t Hart 1957). 4Risk index for K, Mg, Na imbalance (Dove et al. 2016)
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Table 5.4. Blood and urine metabolites in samples collected 1- 2 weeks pre-lambing in 2016.

Farm no Location pH urine Plasma Ca Plasma K Plasma Plasma Na Urine Ca Urine Mg Urine Na
(mg/l) (mg/1) Mg (mg/l)  (mg/l) (umol/mosmol)  (umol/mosmol)  (umol/mosmol)

Required level <71 >902 >94/<1952 >182 >32202 >13 >14 >15

1 Wagga Wagga 8.3 95.3 198.6 22.7 2902 0.39 10.1 1.4

2 Old Junee 8.5 98.7 195.6 23.1 3131 0.73 5.3 6.1

3 Old Junee 8.3 98.5 202.9 19.7 2852 0.49 3.5 0.8

4 Holbrook 8.4 108.6 210.9 22.9 3414 0.79 8.3 0.8

5 Cowra 8.2 104.5 201.5 25.7 2534 0.54 9.1 53.6

6 Avenue Range 8.0 102.1 207.5 24.8 2962 0.61 10.4 96.5

7 Penola 7.9 95.7 195.9 213 3055 0.19 5.2 96.6

8 Minnipa 7.8 104.2 196.5 18.2 2627 0.99 5.5 81.6

9 Kingston 8.0 113.2 212.4 19.8 2925 0.17 5.3 87.3

10 Robe 7.7 97.2 189.4 18.5 2830 0.46 4.7 127.5

11 Harrow 8.5 98.9 196.5 20.5 2934 0.18 1.9 68.6

12 Broomehill 8.3 91.4 194.0 20.8 2888 0.25 10.4 136.6

13 Wagin 8.1 98.6 215.4 21.8 2917 0.91 13.0 181.6

14 Katanning 7.8 86.4 196.4 20.7 2776 1.01 18.4 485.7

15 Kendenup 7.9 108.2 222.6 20.3 2976 0.51 7.1 190.1

No. outside limits 16 1 12 0 14 14 0 2

No. farms with 15 5 15 6 14 15 0 4

>20% ewes

outside limits

41 Indicative only and should be used with other information (Grant et al. 1992).

2 Values are for serum and are indicative only and should be used with other information (Suttle 2010).
3 <1 umol/mosmol indicates marginal status, no indicator for deficiency provided (Paynter 1996).

4 Deficient range <1 umol/mosmol, marginal 1-2 umol/mosmol (Paynter 1996).
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Fractional excretion of Ca, Mg, K and P are shown in Table 5.5. There are no published values indicative of
deficiency but Ca fractional excretion on 10 of the 15 farms was below the range of 0.47 — 0.57% reported for

sheep consuming a marginal Ca and Mg and high K diet (Bhanugopan et al. 2015).

Table 5.5. Fractional excretion of minerals in urine.

Farm no Location Ca K Mg Na P
fractional fractional fractional fractional fractional

excretion excretion excretion excretion excretion

(%) (%) (%) (%) (%)
Required level

1 Wagga Wagga 0.32 96.5 133 0.01 4.13
2 Old Junee 0.75 128.8 11.2 0.08 0.24
3 Old Junee 0.13 325 3.8 0.00 1.07
4 Holbrook 0.35 82.0 4.6 0.01 0.12
5 Cowra 0.19 66.5 6.4 0.57 0.26
6 Avenue Range 0.55 38.6 20.4 1.43 1.30
7 Penola 0.14 56.9 8.9 1.16 1.52
8 Minnipa 0.33 20.8 6.3 0.61 1.65
9 Kingston 0.10 31.5 115 1.15 3.30
10 Robe 0.26 38.5 10.1 1.69 1.53
11 Harrow 0.10 33.5 2.9 0.70 1.11
12 Broomehill 0.24 22.8 27.6 2.64 1.16
13 Wagin 0.78 54.6 32.0 3.17 0.72
14 Katanning 0.83 116.1 40.3 7.19 0.76
15 Kendenup 0.57 69.5 19.8 3.84 1.29
Number outside limits 10t na na na na

! No published limits Bhanugopan et al. (2015) reported fractional excretion of 0.47 —0.57% in sheep fed marginal
levels of Ca and Mg with high K.
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There was a significant negative association (r=-0.57) between Ca in urine and P in pasture one week pre-lambing
(Table 5.6). There was also a positive association between Mg in urine and pasture levels of Ca, Mg and Na. Initial
analyses suggested there was a trend (P<0.1) towards a positive association between Ca in urine and lamb survival,
and between Mg in urine and lamb survival (P<0.05; R?=0.46). There were also non-significant negative trends
between Ca and Mg in urine and ewe mortality (P>0.1) and a positive trend between urine pH and ewe mortality
(P<0.1). These relationships were heavily driven by results from a couple of sites, and removal of the data from
these sites resulted in the relationships being much weaker and not significant, so the data is not convincing that
these relationships exist, even though there is some biological justification. Given the expected effect of breed on
lamb survival, and an inability to account for differences in lambing time, weather and other management factors
which are known to influence survival, it is recommended that more controlled studies be undertaken to

determine if such relationships exist.

Table 5.6. Pearson correlation coefficients between mineral concentrations in pastures 30 days (below
diagonal) and 7 days (above diagonal) before the start of lambing and pre-lambing urine. Italicised values on
the diagonal are correlation coefficients between pasture at 30 days and 7 days before the start of lambing.

Significant (P<0.05) correlations are shown in bold.

Pasture Urine pre-lambing

Ca Mg K Na P Ca Mg K Na

Pasture Ca 0.76 0.64 -041 037 -0.16 0.17 0.68 -0.22 047
pre- Mg 055 0.79 -0.53 041 -0.29 0.12 0.53 -0.13 0.63
lambing K -0.27 -0.13 0.27 -0.63 0.66 -0.17 -0.30 0.25 -0.53
Na 0.73 046 -043 0.68 -0.55 047 0.60 -0.17 0.72

P -0.12 0.04 0.74 -0.14 048 -0.57 -0.19 0.16 -0.51

Urine Ca 014 0.06 -0.06 0.29 -0.39 0.53 0.42 0.36
pre- Mg 0.60 0.39 -0.14 0.53 -0.06 0.26 0.70
lambing K -0.35 -0.22 0.67 -0.31 0.44 -0.03

Na 036 043 -0.54 0.71 -0.44

Discussion

There is no consistent or strong evidence from the analysis of forages that a Ca or Mg deficiency should be
expected in the pregnant ewes monitored in the present study. Calcium and Mg concentrations in the pastures
were above the requirement of 0.4% and 0.09% (Freer et al. 2007) on all but one farm. On most farms, Mg in

forage was well above requirements.
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Even with adequate Ca and Mg in pastures, an imbalance in other minerals may precipitate a deficiency of these
two minerals. In particular, low Na together with high K will depress Mg availability (Suttle 2010) and low Mg
status is a predisposing factor for hypocalcaemia (Herd 1965). There is evidence that such an imbalance
increases the risk of hypocalcaemia and hypomagnesaemia in pregnant ewes grazing vegetative cereals (Masters
et al. 2017). However, in the current study, Na in forage was usually above requirements and K was above the
maximum tolerable level (National Research Council 2005) on 4 of the 15 farms studied. In comparison, 65% of
grazed young cereal crops have K above the maximum tolerable level and Na below requirement (Masters et al.
2017). The risk of hypocalcaemia is also increased by the consumption of a high DCAD diet. Low-DCAD diets
trigger the homeostatic mechanism of bone mobilisation and increase intestinal absorption of Ca to maintain
plasma Ca (Block 1984; Scott et al. 1993; Wilkens et al. 2016). While the pastures analysed in the present study
had a DCAD above the level associated with bone Ca mobilisation, they were still below those reported for
grazing crops (Masters et al. 2017). The pasture analysis alone does not indicate a high risk of hypocalcaemia or

hypomagnesaemia in pregnant ewes grazing winter pastures.

Analysis of plasma and urine are not entirely consistent with the expectations from pasture analysis. Urine pH
was above 7 on all properties; a high urine pH is consistent with an increased risk of hypocalcaemia (Grant et al.
1992) and 87.5% of properties had a mean Ca in urine below the adequate concentration of 1 mmol/mosmol
(Paynter 1996). The mean Ca concentration in plasma was below adequate on only one farm but a third of the
farms had more than 20% of sampled ewes with below-adequate Ca in plasma. Calcium and pH of urine were
similar to those observed in ewes grazing cereal crops (Masters et al. 2017) and indicated a risk of low-Ca status.
Conversely, all measures on Mg were consistent with adequate Mg status at the flock level; however, 40% of the
farms had more than 20% of sampled ewes with below the required concentration of plasma Mg. Indeed, as
actual lambing date of individual ewes was not always known, the data may have underestimated the risk as
some of the ewes sampled may not have been in late pregnancy. In conclusion, the analysis of plasma and urine
indicated a possible risk of low or marginal Ca status but adequate Mg in the majority of flocks assessed. The
presence of ewes with low Ca or Mg in the majority of flocks surveyed in late pregnancy indicated that a further
investigation into a possible relationship between low mineral status and lamb mortality is justified. In addition,
the potential link between condition score, pasture availability and animal mineral concentration requires

further analysis.
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The interpretation of pasture, urine and plasma analysis is based around published standard values that are
associated with deficiency or adequacy of Ca and Mg under steady-state conditions. Pregnancy and lactation are
not steady-state and sudden increases in requirements disrupt the homeostatic equilibrium. Sudden changes in
requirements or disruptions to availability of these key minerals are usually the cause of hypocalcaemia and
hypomagnesaemia (Freer et al. 2007; Suttle 2010). Therefore, while the analysis above provided no compelling
evidence of likely hypocalcaemia and hypomagnesaemia, it did not exclude the possibility. The mineral
concentrations in pre-lambing blood and urine samples suggested that a significant number of animals grazing
southern Australian pastures during winter may be at risk of sub-clinical hypocalcaemia and hypomagnesaemia.
Further work is required to establish whether this contributes to lamb mortality and, if so, whether
appropriately designed mineral supplementation can improve lamb survival in southern Australian pasture

systems.
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6. STUDY 2. MINERAL SUPPLEMENTATION OF PEN-FED EWES TO IMPROVE IMMUNITY AND
METABOLISM

Aim

The literature review suggested that the calcium and magnesium status of ewes has the potential to alter the
metabolic health, energy metabolism and immune status of ewes, and deficiencies may increase the duration of
parturition, which has been associated with a reduction in lamb survival. The aim of this study was to evaluate
the effects of calcium and/or magnesium deficiency on calcium and magnesium metabolism, the incidence of

hypoxia and acidemia, and duration of parturition.

Methods
Experimental design and management

Forty four Merino ewes (3-5 years), joined to a Merino ram and scanned as twin-bearing, with a mean live
weight of 60.7£0.3kg and mean body condition score of 2.6+0.3 were allocated for this study. Following a 10 to
14 days adaptation and habituation period in the pens with barley grain and wheaten hay, ewes were gradually
transitioned to the custom-made pellets (made from barley, lupins, oat hulls, bentonite, millmix and canola).
Ewes were randomly allocated into four treatment groups, Ca group (pellets with high Ca), Mg group (pellets
with high Mg), Ca/Mg group (pellet with high Ca and high Mg) and control group (pellets with adequate Ca and
Mg). There were N=11 ewes in each treatment group (Table 6.1). The animals were housed in individual pens

and fed individually throughout the experimental period.

The duration of the experiment was from 4 weeks pre-lambing to 4 weeks post lambing. The animals were fed
their respective experimental diets daily throughout the duration of the experiment. The ewes were fed 2.5kg
DM of pellet/head/day (ME= 12 MJ/Kg DM, CP= 14.3%) during gestation and this was increased to 3kg DM of
pellets/head/day during lactation. Any refusals were measured and recorded each day in order to determine

intake.
Sampling from ewes

The live weight of ewes was recorded at the start and at the end of the trial (4 weeks after lambing). Body

condition score (BCS) of ewes were recorded each week.

Blood through jugular venepuncture and urine samples through the nasal occlusion method were collected at
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the start of the experiment and then weekly from ewes pre lambing. Post lambing blood and urine samples
were collected within 12 to 24 hours and then every 2 weeks until 4 weeks post lambing. The blood samples
were centrifuged, plasma separated and were stored in -20°C for further analysis of minerals, antioxidants and

hormones.

Colostrum samples were collected within 12 — 24 hours of lambing from the ewes and stored at -20°C for further
analysis of minerals and IgG. Milk samples were collected every 2 weeks until 4 weeks after lambing and stored

at -20°C for further analysis of minerals.

Table 6.1. Proximate and mineral analysis of feed on offer for ewes during late gestation and early lactation.

Treatment
Control Calcium Magnesium Calcium +
Magnesium
Dry Matter (%) 90.4 90.4 90.4 90.4
NDF (%) 33.6 33.6 33.6 33.6
ADF (%) 15.8 15.8 15.8 15.8
Crude protein (%) 14.4 144 14.4 14.4
ME (MJ/kg DM) 12.2 12.2 12.2 12.2
Crude fibre (%) 8.2 8.2 8.2 8.2
Calcium (%) 0.33 0.71 0.33 0.66
Magnesium (%) 0.28 0.29 0.43 0.47
Potassium (%) 0.72 0.73 0.79 0.81
Sodium(%) 0.20 0.21 0.20 0.23
Phosphorus (%) 0.36 0.34 0.43 0.43

NDF — neutral detergent fibre; ADF — acid detergent fibre; ME — metabolisable energy

Sampling from lambs

The live weight of lambs was recorded at birth, and then at two weekly intervals up until 4 weeks after lambing.
Blood samples were collected by jugular venepuncture within 12 to 24 hours after birth and at 2 weekly intervals
up until 4 weeks (inclusive) at the end of the experiment. The plasma was separated and stored at -20°C for

further analysis.

Ewe and lamb behaviour

A continuous video record was made using 12 CCTV cameras (NVC-DFI, Dome camera) and 24 infrared lights
(140 LED illuminator light 80m) during the last three weeks of gestation. Duration of labour for the first lamb

was calculated from the first visible contraction to the full expulsion of the lamb (Labour 1) (Dwyer et al. 1996).
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The number and duration of contractions for delivery of both lambs were recorded. As the ewes were twin
bearing ewes, the duration of labour for the second lamb was regarded as the duration from full expulsion of the
first lamb until full expulsion of the second lamb (Labour 2). Continuous recording of each ewe was used to
record the occurrence and duration of isolation, laying down, standing up and walking. All changes in posture

between standing and laying and all bouts of urination and pawing were also counted in ewes.

Continuous sampling from lambs was used to record duration of grooming, latency to stand and walk, and the
number of attempts to stand and suckle for each lamb (Martin et al. 2007). Following analysis of the video

footage, a lamb vigour score was given for each lamb (Hergenhan et al. 2014).
Feed samples

Throughout the experimental period, pellets were sampled weekly. All weekly samples of pellets were bulked,
mixed thoroughly and a homogenised 0.5 kg sample stored to be sent to the Department of Primary Industry

(DPI), Wagga Wagga, NSW, Australia for proximate and mineral analysis.
Statistical analysis

All data were analysed using IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corporation.
Distributions of the residuals of continuous data were evaluated for normality by using frequency histograms
and Q-Q plots. All data were analysed by linear mixed models. Both the main effects (treatment, timepoint,
rearing status), and their interaction effects (timepointxtreatment, treatmentxrearing status and
timepointxtreatmentxrearing status) were considered as fixed factors. Ewe and pen were included as random
factors. For the variables TAC, ROM, OSi, plasma Ca, plasma Mg, urine Ca: creatinine and urine Mg: creatinine of
ewes, the effect of difference between treatment groups at the starting time point was included as a covariate in
the statistical model. A P-value of < 0.05 was used to identify differences that were statistically significant and
P>0.05 but < 0.1 are used to show the tendencies. The data collected from lambs that died during the

experimental period were excluded from the data analysis.

Results

The concentration of calcium, magnesium and phosphorus in plasma, milk and urine in ewes
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Plasma Ca concentration in ewes increased from one week prior to the commencement of lambing to the end of
study (P<0.001); however, treatment did not have a significant effect on plasma Ca concentrations (P=0.178).
The interaction of time x treatment was not significant (P=0.966) for plasma Ca concentration. Plasma Mg
concentration increased over time (P<0.001) and ewes supplemented with Mg (Mg and Ca+Mg groups) had
greater plasma Mg concentration throughout the experimental period compared to the control and the Ca group
(P<0.001). The interaction of time x treatment was significant and plasma Mg was higher in Mg and Ca+Mg
groups at +4 weeks compared to the other time points (P=0.002) (Figure 6.1). Plasma P increased over time
(P<0.001) but treatment had no significant effect on the plasma P concentration (P=0.672). The interaction of

time x treatment was not significant for plasma P concentration (P=0.156).
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Figure 6.1. Plasma magnesium concentration in ewes fed different levels of calcium and magnesium from one

month before lambing to one month post lambing (W=week, H=hour, bars are SEM).

The urinary Mg: Creatinine ratio was lowest and urinary Ca: Creatinine was highest at lambing (P<0.001). The
urinary P: Creatinine ratio increased from lambing onwards (P<0.001). Treatment did not have a significant
effect on urinary Ca: Creatinine ratio (P=0.109). However, Mg supplementation increased Mg excretion through
urine (P<0.001), and P excretion through urine was higher in the control and Ca+Mg groups than the other

groups (P=0.001) (Table 6.2).

The concentration of Ca, Mg and P in colostrum did not differ significantly between treatment groups (P>0.308).
The Ca concentration in milk was significantly higher at week 4 compared to week 2 (P=0.021), while milk Mg
and P concentration decreased over the same period (P<0.001). However, milk Ca, Mg and P concentration did

not differ significantly between treatments at any time point (P>0.115).
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Table 6.2. The effect of calcium and magnesium supplementation on urine calcium/creatinine ratio, urine

magnesium/ creatinine ratio and urine phosphorus/ creatinine ratio.

Treatment P value
Time Control Calcium Magnesium CaIciun.1 * Time Treatment Timex
Magnesium Treatment
Urine Calcium: Creatinine ratio
-5 Weeks 4.2+0.20 3.310.19 2.4+0.21 3.5+0.24
-4 Weeks 1.6+0.19 3.9+0.17 2.8+0.24 2.6+0.24
-3 Weeks 3.110.20 4.5+0.17 4.0£0.22 1.7+0.24
-2 Weeks 3.0£0.20 1.5+0.17 1.8+0.20 1.8+0.24
-1 Weeks 2.2+0.19 1.6+0.20 2.1+0.20 2.7+0.24 000 0-109 000
+12 Hours 2.7+0.23 5.510.20 1.3+0.34 3.5+0.23
+2 Weeks 1.9+0.24 2.2+0.19 1.5+0.20 1.8+0.24
+4 Weeks 1.840.24 2.0+0.20 1.6+0.19 1.840.20
Urine Magnesium: Creatinine ratio
-5 Weeks 0.4+0.07 0.3+0.07 0.3+0.09 0.4+0.08
-4 Weeks 0.310.08 0.410.07 0.51£0.08 0.7£0.08
-3 Weeks 0.3+0.08 0.3+0.07 0.7+0.08 0.5+0.07
-2 Weeks 0.310.08 0.26+0.07 0.41£0.08 0.610.08
-1 Weeks 0.240.08 0.30.08 0.50.08 0.50.08 0.002 000 0577
+12 Hours 0.1+0.08 0.2+0.08 0.2+0.10 0.3+0.08
+2 Weeks 0.3£0.09 0.210.08 0.51£0.08 0.51£0.08
+4 Weeks 0.4+0.09 0.3+0.08 0.5+0.08 0.6+0.08
Urine Phosphorus: Creatinine ratio
-5 Weeks 1.3+0.46 1.0+0.43 1.0+0.49 1.2+0.48
-4 Weeks 1.2+0.46 1.1+0.43 1.0+0.52 1.2+0.48
-3 Weeks 1.1+0.49 1.0+0.41 1.0+0.52 1.2+0.45
-2 Weeks 1.2+0.49 1.0+0.41 1.0+0.49 1.3+0.48
0.00 0.001 0.036

-1 Weeks 2.8+0.46 1.3+0.48 1.3+0.46 1.3+0.48
+12 Hours 27.3+0.49 13.240.48 31.0+0.64 26.2+0.52
+2 Weeks 20.5+0.57 9.6+0.48 10.7+0.48 24.1+0.47
+4 Weeks 9.5+.57 15.1+0.46 11.7+0.48 31.2+0.47

Plasma PTH, 25 hydroxy vitamin D3 and 1,25 di hydroxy vitamin D3 concentrations

The concentration of hormones 25(0OH)Ds, 1, 25(0OH),D3 and parathyroid hormone (PTH) are represented in
Table 6.3. PTH and 1,25(0OH),D3 are hormones involved in calcium homeostasis or plasma Ca regulation. The
mean plasma concentration of PTH, 1,25(0OH),Ds and 25(0OH)Ds was the highest at one week prior to lambing
compared to the other time points (P £0.002). Ewes from the Ca+Mg group had the lowest mean concentration
of 1,25(0H),Ds (P=0.005) compared to the other groups and the mean concentration of PTH in this group tended

to be lower than the other groups (P=0.06).
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Table 6.3. The effect of calcium and magnesium supplementation on the concentration of hormones PTH, 25

Hydroxy Vitamin D and 1, 25 dihydroxy Vitamin D in ewes.

Treatment P-value
Control Ca Mg Ca+Mg time treat time x
treat
1,25(0OH)2D3 (pmol/L)
-5 Weeks 238.1£105.8 400.03+105.8 434.4+104.1 295.4+100.4
-1 Weeks 233.7£110.5 338.7+105.8 510.1+£100.4 279.41£100.4 0001 0.005 n.s.
+12 Hours 123.2+106.3 328.1+110.3  448.3+106.7 115.6+106.7
+2 Weeks 161.8+124.6 223.0£106.3 272.2+101.8 88.3+101.8
25(0OH)D3 (mmol/L)
-5 Weeks 178.1+58.30 207.4151.2 214.8+54.54 180.6151.23
-1 Weeks 134.9+53.73 146.2151.9 224.8453.73 122.5451.23 0.001 n.s. n.s.
+12 Hours 164.3153.73 176.01£51.3 272.3£55.12 128.7+53.50
+2 Weeks 171.6153.73 90.5+53.9 204.5£54.04 75.9+53.50
PTH (pg/ml)
-5 Weeks 116.1+37.82 124.5+36.10 127.0+38.37 104.2+36.06
-1 Weeks 132.1+37.82 110.4+37.81 218.5+37.82 104.7+37.97 0.002 0.06 0.08
+12 Hours 109.3+37.82 118.9436.13  172.3+39.38 91.0+41.91
+2 Weeks 110.0+42.9 95.1+37.94 136.1£38.17 41.0+39.2

Mineral profile in lamb plasma

Plasma Ca and Mg in lambs decreased over time (P<0.001). Plasma Mg concentration in lambs from the

supplemented groups was higher than the control group (P=0.023). There was a significant effect of time x

treatment interaction on plasma Mg concentration in which lambs from the control group had lower plasma Mg
concentration compared to the treatment groups at +4 W (P=0.001), but not at other sampling times (Figure
6.2). Plasma Ca level in lambs of the Ca and Ca+Mg groups had a trend to be higher than the control group
(P=0.082), although the time x treatment interaction was not significant. Plasma P levels in lambs were highest
at +2 W (P<0.001). Lambs in the control group had lower plasma P concentration compared to the other

treatment groups (P=0.037).
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Figure 6.2. Changes in plasma magnesium concentration in lambs as a result of maternal supplementation with

calcium and magnesium from one month prior to lambing to one month post lambing. (W” represents weeks,
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Effect of maternal calcium and magnesium supplementation on immune factors in ewes and lambs

Oxidative status in ewes

The oxidative burst response of leukocytes in ewes improved from the beginning of lambing through to four

weeks post lambing (P<0.001). Treatment did not have a significant effect on the oxidative burst response of

, the phagocytosis function of leukocytes was highest at lambing compared to the other

0.149). In ewes

ewes (P

time points (P<0.001), but no significant effect of treatment was observed on phagocytosis function of

0.401). Mean total plasma antioxidant capacity (TAC) (umol HCl/ml) in ewes was lowest and

leukocytes (P

mean reactive oxygen species (ROM) (Carr U) and OSi (ROM/TAC) were the greatest at lambing (P<0.001), and

there was no treatment effect on either TAC or ROM at any time point.
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Energy regulation in ewes

The concentration of non-esterified fatty acids (NEFA) was higher at lambing compared to the other time points
(P<0.001), and the control group had a higher NEFA level at lambing compared to the other groups at this time
point (P=0.02) (Figure 6.3). The body condition score of ewes decreased over time (P=0.037) with ewes being in

BCS 2.4 at 4 weeks post-lambing; however, treatment did not have a significant effect on BCS of ewes (P=0.811).
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Figure 6.3. Mean plasma NEFA concentration (LEq/ml) in ewes supplemented with calcium and magnesium

from one month prior to lambing to one month post lambing.

Immune status of lambs

There was a significant increase in oxidative burst response and phagocytosis function of leukocytes in lambs
over time (P <0.015). Lambs in the Ca group had greater oxidative burst response compared to the other groups
at +4 weeks (treatment x time interaction P=0.051) (Figure 6.4); however, phagocytosis function of leukocytes

did not differ with treatment (P=0.450).

Treatment did not have a significant effect on colostrum IgG concentration (P=0.250). The concentration of IgG
at +2 W (20.1£1.48 pg/ml) in lambs was higher than at lambing (14.0+1.74 pg/ml) and +4 weeks (11.7£1.32
ug/ml) (P<0.001). The effect of treatment on plasma IgG concentration was not significant, but had a trend to
be higher in Ca the group (19.4+1.68 pug/ml) compared to the Mg group (14.7+£1.98 pg/ml), Ca+Mg group
(13.6+1.69 pg/ml) and control group (14.2+2.38 ug/ml) (P=0.055). The time x treatment interaction tended
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towards significance (P=0.097), with plasma IgG concentration being higher in lambs from the Ca group at +4 W.
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Figure 6.4. Oxidative burst response of leukocytes in lambs as a result of maternal calcium and magnesium
supplementation from lambing to 4 weeks of age. W” represents weeks, “H” represents “hours” and error bar

represents SE.

Total plasma antioxidant capacity (TAC) significantly decreased from +12 hours to +2 W (P<0.001) but did not
change significantly from +2 W to +4 W. Lambs in the Mg (395.5+20.40 umol HCI/ml) and Ca+Mg (362.1+£19.49
umol HCl/ml) groups had greater TAC compared to the Ca group (315.3+16.57 umol HCl/ml) and control groups
(296.5%24.30 umol HCI/ml) (P=0.04). The mean concentration of reactive oxygen metabolites (ROM) in lamb
plasma was higher at +2 W (262.8+14.50 Carr U) than at lambing (53.9+13.58 Carr U) and +4 weeks
(147.3+13.02 umol Carr U), but there was no treatment effect. Oxidative stress index (OSl) in lambs was
significantly greater at +2 W than at other times (P<0.001), and was lower in Mg supplemented groups at +2 W

than the other groups (P=0.031).

Lamb live weight

The live weight of lambs over time increased significantly (P<0.001). There was a significant treatment x time
interaction for lamb weight (P=0.008; Figure 6.5). Lambs in the supplemented groups had greater weight gain

from birth to 4 weeks of age compared to the lambs from the control group (P=0.007), with most of this benefit
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being apparent in the period from 2 weeks of age to 4 weeks of age. The average daily weight gain of treatment
groups (from birth to 4 weeks of age) was 204 g/head.day, 207 g/head.day, 245 g/head.day for Ca, Mg and Ca+Mg
groups respectively, which was significantly higher than the control group (148 g/head.day) (P<0.001).
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Figure 6.5. Live weight of lambs from lambing to 4 weeks of age. (“W” represents weeks, “H” represents “hours”

and error bar represents SEM)

Behavioural observations

The contraction frequency, contraction duration and parturition duration of ewes for both lambs are presented
in Table 6.4. The effect of treatment on variables such as contraction frequency and contraction duration for the
first lamb was insignificant (P > 0.117). The effect of treatment on contraction duration (P=0.075) and
parturition duration (P=0.058) for the second lamb had a trend toward being shorter in the supplemented
groups compared to the control group. Treatment did not affect contraction numbers for the second lamb

(P=0.193). There was no effect of treatment on lamb behaviour.

Discussion

The results of this study showed that supplementation of twin-bearing ewes with Ca, Mg or both during the last
month of gestation through to the first month of lactation regulated the Ca homeostatic mechanism and

improved the energy balance of ewes. Moreover, maternal supplementation boosted the immune response in
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lambs as evidenced by an increase in the total antioxidant capacity and oxidative burst response of leukocyte

cells, and also increased live weight of lambs at 4 weeks of age.

There was no incidence of metabolic diseases in any of the treatment groups throughout the study.
Supplementation of ewes with Mg improved plasma Mg concentration in ewes, because plasma Mg
concentration is not under hormonal control but is dependent on dietary Mg levels and is regulated by ruminal

absorption and kidney excretion.

Table 6.4. Effect of treatment on pre-parturition and parturient behaviours of ewes. N=number

Variables Control Ca Mg Ca+Mg P value
Pre-parturient behaviours

Standing up & laying down (N)  12.6+2.22 9.9+2.48 9.242.22 13.1+2.34 0.547
Aimless walking (N) 272.9+1.44  222.8+1.47 288.4+1.44 378.4+1.47 0.806
Urination frequency (N) 2.6+1.31 3.6+1.33 2.6+1.31 2.9+1.33 0.809
Parturient behaviours-Lamb 1

Contraction frequency (N) 28.3+1.21 15.3+1.22  22.7+1.21 27.4+1.22 0.117

Contraction Length (seconds) 411.1+41.19 307.6+1.20 272.3#1.19 422.7+1.20 0.215
Parturition Length (minutes) 148.3+1.276 71.0+1.276 111.4+1.262 134.0+1.276 0.172
Parturient behaviours-Lamb 2

Contraction frequency (N) 5.0+1.32 2.3+x1.44 3.4+1.37 2.1+1.40 0.193
Contraction Length (seconds) 105.0+1.35 56.5%1.47 45.4+1.39 31.0+£1.43 0.075
Parturition Length (minutes) 49.2+1.35 16.9+1.37 16.1+1.40 21.9+1.48 0.058

Supplementation with Ca did not improve plasma Ca levels due to homeostatic control of Ca. As demands for Ca
are high in late gestation and early lactation, ewes try to cope with high Ca requirements through hormonal
homeostasis (Braithwaite 1983). The plasma concentrations of these hormones (PTH and 1,25(0OH),Ds) were
high at all pre-lambing time points, and the lower plasma Ca concentrations at these time were in line with
findings of Kadzere et al. (1997). A lower concentration of PTH and 1,25(0OH),Ds in the Ca+Mg group suggests
that ewes in this group required a lower homeostatic response to maintain their plasma Ca concentrations. This
phenomenon could be due to increased availability of Ca and Mg in the diet facilitating intestinal Ca absorption
and decreasing the demand for Ca regulating mechanisms. These findings were further supported with high Ca
excretion through the urine in the Ca+Mg group. Ewes from this group had higher Ca excretion through the
urine compared to the other treatment groups and it is reported that urinary excretion of Ca can be used as an

index to ascertain the Ca status of the animal (Bhanugopan et al. 2015; Masters et al. 2017); thus, higher urinary

Page | 43



Ca excretion, normal plasma Ca and lower concentration of hormones suggests higher Ca status in the Ca+Mg

supplemented group.

Maternal supplementation from one month prior to lambing to one month post-lambing significantly boosted
the immune response in lambs. The highest plasma concentration of TAC in lambs was at 12 hours after birth
and it significantly decreased at 2 weeks of age suggesting that high mean TAC at birth was a result of passive
immunity transferred by the colostrum. Improvement of mean TAC in lambs from maternal supplementation
with Mg in this study (both the Mg and Ca+Mg treatments) could be associated with passive transfer of TAC
through the consumption of colostrum, since Mg has a structural role in antioxidants such as glutathione
peroxidase (GSH-PX) which is well known to be a superoxide radical scavenger (Nawito et al. 2016). Further
studies are required to evaluate the level of TAC in colostrum and evaluate the effect of Mg supplementation on
TAC concentration in colostrum. The results cannot be easily compared with the literature, since to the best of
our knowledge this is the first study that has evaluated oxidative stress in neonatal lambs born from mothers
supplemented with Ca and Mg. Mean ROM at the first few hours of life in lambs was low compared to 2 and 4
weeks of age which is in agreement with the study of Abuelo et al. (2014), in which calves showed higher mean
ROM at first week after birth compared to the day of birth. It seems that the high concentration of TAC present
at birth were capable of neutralizing the ROM generated at the same time in lambs of the current study, since

antioxidants are the main elements that neutralize ROM (Albera & Kankofer 2011; Abuelo et al. 2015).

At 4 weeks of age, lambs from dams supplemented with Ca had greater oxidative burst than the other groups
which could be the result of an improvement in the mobilization of intracellular Ca into the leukocyte’s
cytoplasm, and consequently resulting in efficient signal transduction which possibly sped up the process of
leukocyte maturation. These findings were further supported by the higher IgG concentration in lambs from Ca
supplemented groups at 4 weeks of age, which most probably is related to the effect of Ca in leukocyte
maturation and accordingly higher IgG synthesis by B-cells. Future research should evaluate Ca concentration in

mature and immature leukocytes to investigate the mechanisms involved in leukocyte maturation.

Supplementation with Ca and Mg improved the live weight of lambs at 4 weeks of age. The immunity status of
lambs has been shown to increase the nutrient absorption from the intestine (Walkden-Brown & Kahn 2002) and
consequently may affect lamb weight gain. Moreover, improved lamb immune status might have had an effect
on the dam-lamb bond which influences milk consumption and lamb weight. Weight of lambs at around lamb

marking is an important factor that governs weaning weight and time of weaning.

This study showed that Ca and Mg can improve regulation of energy metabolism. High energy demands of ewes
at lambing were identified by high NEFA concentration in plasma. The improved energy regulation at lambing in
ewes receiving mineral supplements was likely due to the role of Ca and Mg in glucose turnover, endogenous
glucose production, regulation of insulin level, regulation of ATP production and muscle contraction. The latter
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influences rumen and abomasum motility, digestive tract motility and feed intake of animals (Cinar et al. 2008;

Martinez et al. 2012).

Supplementation of ewes with Ca and Mg in this study tended (P<0.10) to reduce parturition and contraction
length for the second lamb. While the effect was not statistically significant, the relatively small sample size,
combined with the high variability of these traits and the large numerical difference (two-fold difference),
strongly suggests that the effect would have been statistically significant had more animals been included in the
study. A P value of 0.10 indicates 90% confidence that the difference is real and not random. Ca and Mg are
important for efficient muscle contraction under hormonal influences, and the application of these hormones in
the absence of extracellular Ca and ATP (as an energy source) causes a significant decrease in contraction

amplitude and initiate only small contractions (Wray & Arrowsmith 2012b) .

No significant difference between treatment groups was observed for the parturition duration of the first lamb,
likely because the Ca and Mg concentration of the base pellet offered to the control group were sufficient to
regulate energy for the delivery of the first lamb. As parturition is an energy consuming process, our findings
suggest that ewes from the control group were not able to regulate energy as efficiently as the supplemented
groups for the delivery of the second lamb. Better regulation of energy with Ca and Mg supplementation is also
evidenced by the lower concentration of NEFA in plasma of supplemented ewes at lambing compared to control
ewes. For ethical reasons in this study, we were not able to feed a diet deficient in Ca and Mg to the control
group, but further studies could be undertaken to determine whether mineral supplementation influences
parturition measures in deficient ewes. Nonetheless, the trend for contraction and parturition length to be
shorter in the supplemented groups suggests that supplementation should be beneficial even when there is no

deficiency.
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7. STUDY 3. MINERAL SUPPLEMENTATION OF GRAZING EWES TO IMPROVE LAMB SURVIVAL

Aim

Both the literature and previous studies indicated that sub-clinical calcium and magnesium deficiencies are
common in commercial flocks grazing pastures, with a potential to increase the rate of dystocia and reduce lamb
survival. The pen study described in section 6 showed that mineral supplementation can improve the mineral
and metabolic status of ewes, and the immune response in lambs, providing further evidence of potential for a
positive impact of supplementation on lamb survival. The aim of the current study was to evaluate whether

mineral supplementation of ewes grazing common pastures would increase lamb survival.

Methods

All procedures were conducted with the approval of the Charles Sturt University Animal Care and Ethics

Committee (project A17030), and the study was conducted during 2017.

A randomised block design was used comprising 2 replicates of 2 treatments conducted on each of 5 properties.
The treatments were an unsupplemented control, and a mineral supplementation treatment given to lambing
ewes. The mineral supplement was formulated to provide a low cation-anion difference (DCAD), and was
comprised of magnesium chloride, calcium sulphate, and salt (MgCl2.6H,0:CaS0..2H,0:NacCl), in the ratio
12.5:32.5:55.0, fed at a rate of 30 g/ewe per day. An intake of 20g of supplement was estimated to provide 25%
of Mg, 40% of Ca, and 487% of Na requirements.

Sheep management and measurements

Sites on five commercial properties were selected at Holbrook and Tullamore (NSW), Robe and Kingston (SA) and
at Pingelly (WA). Merino ewes which had been joined to Merino rams and ultrasound scanned as twin-bearing
were used. On each property, between 400 and 600 mature-age (not maidens) ewes were randomly allocated
to four groups and grazed the lambing paddocks, or similar pasture, for between 0 and 31 days prior to the start
of lambing. Where possible, paddocks were subdivided to provide blocking for treatments. A description of

each site is shown in Table 7.1.
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Table 7.1. Description of experimental sites used in 2017.

Tullamore Pingelly Kingston Robe Holbrook

State NSW WA SA SA NSW
Lambing 9 Jul 20 Jul 1 Sep 1 Sep 17 Aug
start
No. ewes/ 450 400 400 400 600
location
Paddock 60 15-18 21 22-30 10
size (ha)
Pasture Barley grass/  Capeweed/ Phalaris/annual  Phalaris Phalaris/clover/

clover subclover grass/clover based annual grass
Grass% 64 26 42 68 95

Between 6 and 10 days before the start of lambing, a random sample of 50 ewes per paddock were condition-
scored (Jefferies 1961). Blood samples were collected from 10 ewes per paddock using 9 ml heparin vacutainers
and stored on ice for transport. Blood was centrifuged and plasma frozen at -20°C until analysis. Urine samples
were collected from the same 10 ewes by nasal occlusion. Urine pH was measured immediately using a pH
meter (Pingelly - Thermo Scientific Orion Star A325; SA - TPS WP-80), and specific gravity measured using a
refractometer (Tullamore, Pingelly and SA — clinical urine refractometer TE-RM200SGRI, Testequip; Holbrook -
FG302/312 portable refractometer, Australian Instrument Services, Melbourne). Urine samples were then
stored on ice for transport, and frozen -20°C until analysis. After sampling, each group of ewes was placed into a
lambing paddock (10 to 60 ha), and mineral supplementation commenced. Sufficient resources across sites
were available to only permit the collection of blood and urine at one sampling time — it was deemed more
important to collect this pre-supplementation to determine baseline levels, given we knew from the pen study

and other studies (e.g. Masters et al. in press) that supplementation can alter levels.

Minerals were fed throughout the lambing period in troughs, with troughs replenished twice weekly, and
refusals collected once weekly and weighed to estimate intake. Where necessary, subsamples of refusals were
weighed, dried, and re-weighed to calculate dry weights. A small quantity of pellets or grain was mixed with the
minerals at some locations at the start of feeding to attract ewes, but was discontinued due to being ineffective.
Ewes at Tullamore were fed oaten grain at 0.5 kg/ewe/day throughout the lambing period due to inadequate

pasture, but ewes at other sites did not require supplementary feed.
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Approximately two weeks after the end of lambing, each paddock of sheep was mustered, and the same 50
ewes condition scored. Lambs present were counted, and lamb survival calculated as lambs present at marking

age/foetuses placed in paddock.

The quantity of live and dead pasture was measured from 10 quadrat cuts per paddock, both at the time of
blood sampling pre-lambing, then also post-lambing. Cuts were sorted into components, dried at 60°C, then

weighed.

Laboratory analyses

The concentration of Mg, Ca and P in plasma and urine samples was analysed using kits (photometric colour test
method). Creatinine was analysed using a creatinine BLOSRx78 kit (kinetic colour Jaffe method) and a Beckman
Coulter AU480 analyser (Beckman Coulter Ltd, UK). Fractional excretion of each mineral was calculated as
(concentration in urine x plasma concentration of creatinine)/(plasma concentration x urine concentration of
creatinine), converted to percentage (Bhanugopan et al. 2015). The concentrations of Ca, Mg and Na in urine
were converted from mmol/L to umol/mosmol using the equation: osmolality (mosmol/L) = -39231 +

39214*specific gravity (English and Hogan 1979).

Statistical analysis

Data for locations at Holbrook, Robe and Kingston were not analysed as little of the supplement was consumed,

but means and sem are presented where available for completeness.

For Tullamore and Pingelly locations, where mineral intake was over 10 g/ewe per day, plot means for lamb
survival, condition score and pasture biomass were analysed using linear mixed models with location x
treatment as the fixed effect and location.rep as the random term. Plasma and urine data were analysed with
similar models using individual ewe data, with the exceptions that urine pH was only available for the Pingelly
location, and an exponential transformation was used for this variable prior to analysis. Urine Ca and Mg data
was log transformed prior to analysis. Transformations were inadequate to equalise variances for plasma Ca and

fractional excretions of P, so these data sets were analysed using the nonparametric Wilcoxin rank sum test.
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Results
Mineral supplement intake

Supplement intake was below the target quantity of 30 g/ewe per day at all sites, and was negligible at Kingston,

Robe and Holbrook (Table 7.2).
Lamb survival

The survival of lambs was higher (P<0.001) at Tullamore (80 + 1.6%) than at Pingelly (59 + 1.6%) but was not
increased (P=0.345) by mineral supplementation. There was no interaction between location and treatment.

Lamb survival varied at other locations (Fig. 7.1) but was also similar between treatments.

90.0
80.0

70.0 _} .

60.0 —

50.0
40.0
30.0

Lamb survival (%)

20.0
10.0

0.0
Tullamore Pingelly Kingston Robe Holbrook

B Control OSupplement

Figure 7.1. Mean lamb survival (%) of control and supplemented treatments at five locations in 2017. Values

are raw means * sem.
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Condition score

Ewe condition score was similar between treatments both pre and post-lambing. The mean condition score of
ewes was higher (P<0.001) at Tullamore (3.2 = 0.023) than Pingelly (3.0 £ 0.023) pre-lambing, but post-lambing,
ewe condition score was similar at both locations (2.9 + 0.04). The condition score of ewes at all other locations

was 3.0 to 3.3 pre-lambing, and 2.7 to 2.9 post-lambing.

Pasture availability and supplementary feed

The mean quantity of live pasture pre and post-lambing was similar between treatments. While pasture pre-
lambing was similar between the Tullamore and Pingelly locations (444 + 65) kg DM/ha, post-lambing Pingelly
provided a larger quantity (1359 + 103 kg DM/ha vs 301 + 103 kg DM/ha). The quantity of live pasture at other
locations was above 1300 kg DM/ha pre lambing, and above 1500 kg DM/ha post-lambing (Table 7.2).

Supplementary feeding with 0.5 kg/ewe per day of oat grain was required at Tullamore throughout the lambing
period due to the low quantity of live pasture. Ewes at Pingelly and the other locations were not supplementary

fed.

Table 7.2. Mean supplement intake and live pasture availability at five locations (raw means).

Tullamore Pingelly Kingston Robe Holbrook

Supplement intake (g/ewe/day)? 19.0 12.6 0.4 2.02 8.05
Live pasture prelambing (kg DM/ha) 455 432 1868 1308 2830
Live pasture post-lambing (kg DM/ha) 301 1359 3033 3069 1690

ASupplemented groups only.

Plasma and urine variables

Prior to mineral supplementation and lambing, for the locations analysed there were few differences in mineral

concentrations between control and supplemented ewes, nor between locations (Table 7.3).

Mg in urine was higher in the supplemented than control ewes, but in plasma was similar between treatments.
Fractional excretion of calcium showed an interaction between location and treatment, due to relatively higher
levels in control ewes at Tullamore. Raw means for pre-lambing urine pH and specific gravity for locations where

data was not statistically analysed are shown in Table 7.4.
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The percentage of ewes with mineral levels in the adequate range is shown in Table 7.5. While most ewes at
both Tullamore and Pingelly showed adequate plasma concentrations of Mg, only 55% of Pingelly ewes had
adequate (>90 mg/L) calcium levels. However, only 10% of the Pingelly ewes showed Ca plasma levels of 80
mg/L or less, indicating that the degree of deficiency was not severe. While P levels were adequate at Pingelly,

at Tullamore most ewes were deficient.
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Table 7.3. Urine and plasma variables pre-lambing for control and mineral supplemented ewes at Tullamore

and Pingelly in 2017.

Tullamore Pingelly P values
Trt Location Trt x
Location
Urine pHA Control - 7.56 0.562 - -
Supplement - 7.31 - -
Ca plasma (mg/L)® Control 97.12(97.4) 88.16(89) 0.673 0.004 -
Supplement  93.60 (93.8) 92.44 (93.2)
Ca urine® Control 0.030 0.007 0.183 0.173 0.141
(umol/mosmol)
Supplement 0.029 0.015
Mg plasma (mg/L) Control 20.75 21.38 0.062 0.773 0.118
Supplement 23.38 21.63
Mg urine® Control 0.212 0.123 0.007 0.203 0.288
(umol/mosmol)
Supplement 0.387 0.162
P plasma (mg/L) Control 32.89 58.71 0.445 0.109 0.653
Supplement 31.59 53.72
P urine (umol/mosmol)  Control 0.031 0.013 0.208 0.529 0.146
Supplement 0.011 0.014
FE Ca (%) Control 1.1614* 0.5974 0.226 0.294 0.009
Supplement 0.6646 0.7755
FE Mg (%) Control 26.21 21.83 0.078 0.574 0.355
Supplement 21.32 20.27
FE P (%)® Control 0.44 (0.03) 0.08 (0) 0.956 0.864 -
Supplement 0.28 (0) 0.09 (0.06)

Cre = creatinine, Ca = calcium, Mg = magnesium, P=phosphorus, FE = fractional excretion.

*One outlying data point removed
ARaw means; data transformed before analysis
BRaw means, data for treatment and location analysed by non-parametric test; median values in brackets.
“Backtransformed means

52 | Page



O\

PROJECT FINAL REPORT aW Australian Wool

Innovation Limited

Table 7.4. Raw mean urine pH and specific gravity pre-lambing for control and mineral supplemented ewes at

Kingston, Robe and Holbrook in 2017.

Treatment Kingston Robe Holbrook
Urine pHA Control 8.18 7.49 8.20

Supplement 8.19 7.67 8.00
Specific gravity Control 1.012 1.016 1.017

Supplement 1.013 1.011 1.004

Table 5. Percentage of ewes with mineral levels within the adequate range.

Tullamore Pingelly
Ca plasma > 90 mg/L 85 55
Mg plasma > 18 mg/L 100 90
P plasma > 45 mg/L 15 90
Ca urine < 1 umol/mosmol 100 100
Mg urine < 1 umol/mosmol 100 100

Discussion

Mineral supplementation did not increase lamb survival at the two locations where above 10 g/ewe/day
supplement was consumed. The lack of response may have been due to pre-lambing plasma/urine levels of Mg
and Ca being adequate in the majority of ewes at Tullamore prior to mineral supplementation. At Pingelly, Ca
was only adequate in over half of the ewes, but no ewes were reported with clinical Ca deficiency, and most ewe

had Mg levels in the adequate range.

It is not clear what percentage of ewes would need to be deficient in calcium or magnesium, nor the severity of
sub-clinical deficiency, in order for supplementation with minerals to improve lamb survival. Furthermore, since
the intake of supplement at Pingelly was low, it is unknown whether sufficient intake was obtained to achieve a
response in survival. The large percentage of ewes at Tullamore which were deficient in P does not lend

evidence to this mineral having a large influence on perinatal lamb survival. The level of lamb survival of 80% is
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at the higher end of reports for twin-born lambs (Hinch & Brien 2014), so it is likely that mineral

supplementation alone could improve this further.

A response in lamb survival might not be expected if Ca and Mg levels were already adequate. While previous
studies have shown Ca and Mg deficiencies occur on grass-dominant pastures, both the Tullamore and Pingelly
sites used pastures with a subclover or broadleaf component. These are considered representative of many
commercial pastures, since grass-only pastures, other than grazing cereals, are not recommended due to
reduced weight gain of sheep in comparison with pastures containing a legume component, and the benefits to
nitrogen fixation from the legume component. The results suggest that mineral supplementation may not

increase lamb survival on mixed pastures where ewes are not showing clinical deficiency.

It is not clear whether higher than adequate mineral concentrations have the potential to improve lamb survival.
The lack of response may have been due to insufficient mineral intake as intake was below the target at all
locations. Whether the low intake was driven by the type of supplement used or some other factor is unclear,
although a very similar supplement was readily consumed by sheep grazing cereal crops (Masters et al. in press).
In future studies both pre and post- supplementation blood and urine sampling is advisable to establish whether

an increase in mineral levels, and to what level, is associated with any production response.

The mineral supplement used in this study was not readily consumed on several sites, with low levels of intake
possibly exacerbated by high quantities of live pasture at most locations. Tullamore, the only location with near-
target mineral intake, was the only site with very low quantities of live pasture throughout. The level of
consumption needs to be improved in future studies, or the situations identified where adequate intake can be

achieved.

It is concluded that mineral supplementation that achieved moderate supplement intake (12-19g/hd/day) did
not increase perinatal lamb survival in ewes grazing mixed pastures when most ewes had adequate Ca and Mg
levels. Strategies that promote higher supplement intake may be more effective, especially in flocks where a

significant proportion of ewes have marginal Ca and/or Mg status.
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8. STUDY 4. MINERAL SUPPLEMENTATION OF GRAZING EWES TO IMPROVE SURVIVAL AND MINERAL STATUS
Aim

This study repeated the key component of the 2017 supplement trials, with the objective of achieving adequate
supplement intake, which did not occur on several of the 2017 sites. Given it was unclear whether the type of
supplement (low DCAD) used in 2017 may have been less palatable, this study included a standard supplement
that is commonly used and known to be palatable. The aim of this study was to determine whether
supplementation of lambing ewes grazing pasture would improve mineral status and increase the level of lamb

survival while also reducing the incidence of sub-clinical or clinical metabolic disorders.

Methods

All procedures were conducted with the approval of the Charles Sturt University Animal Care and Ethics

Committee, and the study was conducted during 2018 on the CSU commercial farm at Wagga Wagga (NSW).
Experimental design

The study was designed with two replicates of three treatments:

Control — no mineral supplement

Standard — a loose mix of lime, causmag and salt in the ratio 1:1:1. It was considered that this mix, commonly

used in industry, might be more palatable than the Low DCAD treatment

Low DCAD - a low cation-anion difference (DCAD), comprised of magnesium chloride, calcium sulphate and salt

(MgClI2.6H,0:CaS04.2H,0:NaCl) in the ratio 12.5:32.5:55.0, as used in the 2017 study.

Adjacent paddocks containing lucerne (Medicago sativa) pasture were subdivided to create six plots, but with

incomplete blocking due to the size and location of paddocks. All plots were between 19 and 23.5 ha in size.
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Sheep management and measurements

Mature composite ewes joined to composite rams and due to lamb from 6 July were scanned for fetal number,
and 600 twin-bearing ewes selected. On day 120 from the start of joining, 90 ewes were randomly selected and
blood samples collected by venupuncture into 9ml heparin vacutainers. The blood was stored on ice before
being centrifuged and plasma frozen at -20°C until analysis. Urine samples were collected from the same ewes
by nasal occlusion. Urine pH was measured using a pH meter, and frozen at -20°C until analysis. The following
day (7 June 2018) the ewes were moved to the experimental site and randomly divided into 6 groups
(n=100/group), ensuring 15 sampled ewes per group. A random sample of 50 ewes per group were condition-
scored (Jefferies 1961) before each group was randomly allocated to a lambing plot. The groups were re-yarded
on day 140 (26 June) and the same ewes re-sampled. Due to the low quantity of available pasture, ewes were

supplementary fed cereal grain (wheat and barley) at 0.8 to1.5 kg/ewe/day while on lambing plots.

Mineral supplementation commenced on 9 June, 120 days after joining commenced and approximately one
month prior to the start of lambing. The supplements were fed in troughs, at a rate of 30g/ewe/day until 22
June, after which it was reduced to 20 g/ewe/day (based on observed intake prior) until 3 August when it was
estimated that 90% of ewes had lambed. The minerals were fed every one to two days for the first week of
feeding, after which they were fed every 3 to 4 days. Refusals were collected, dried if necessary and weighed to

calculate intake.

When the youngest lambs were a week old (13 August), the sheep in each plot were yarded separately. Lambs
surviving to this (marking) age were counted and weighed, and lamb survival calculated as lambs present at
marking age per fetus placed in the plot. The condition score of ewes was also recorded at this time. Records
were kept of ewe mortality for each plot throughout the lambing period, although cause of death was not

usually diagnosed.

The quantity of live pasture was visually estimated in 100 quadrats (0.1m?) per plot. These estimates were
calibrated against 20 quadrats which were estimated, cut with electric clippers, dried at 60°C, then weighed,

using the method of (Haydock & Shaw 1975).
Laboratory analyses

The concentration of Mg, Ca and P in plasma and urine samples was analysed using an inductively coupled
plasma emission spectrophotometer (Environmental and Analytical Laboratories, Charles Sturt University,
Wagga Wagga NSW 2678. Creatinine was analysed using a creatinine BLOSRx78 kit (kinetic colour Jaffe method)
and a Beckman Coulter AU480 analyser (Beckman Coulter Ltd, UK). Fractional excretion of each mineral was
calculated as (concentration in urine x plasma concentration of creatinine)/(plasma concentration x urine

concentration of creatinine), converted to percentage (Bhanugopan et al. 2015).
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Statistical analysis

Data was analysed using Genstat software. Ewes were excluded from plasma and urine analyses if they were not
sampled on both occasions. Urine and plasma variables and ewe condition score were analysed using linear
mixed models with day of sampling x treatment as the fixed effect and plot or plot + plot.ewe as the random
term. Urine data was transformed by logarithm prior to analysis, with one outlier removed from the calcium
data. The weight of lambs, percentage lamb survival and quantity of pasture were also analysed using linear

mixed models, with treatment as the fixed and plot as the random term.

Results
Mineral supplement intake

Supplement intake was calculated as 18.2 g/ewe/day for the standard and 19.6 g/ewe/day for the low DCAD
supplements. The ewes readily consumed both supplements, with refusals indicating intake was ad libitum

much of the time.
Production variables

Production data is shown in Table 8.1. The quantity of live pasture available pre-lambing was similar between
treatments, as was lamb survival and the mean weight of lambs. Mean ewe condition score was similar between
treatments (P=0.131) and although it was higher (P<0.001) at day 120 (3.1) than at day 140 of pregnancy (3.0) or

at the completion of lambing (3.0), this difference is not considered of practical importance.

Table 8.1. Pasture available and lamb production from three mineral supplementation treatments.

Control Low DCAD Standard P value

Live pasture available (kg DM/ha) 554 + 333 423 +333 751 £ 333 0.796
Lamb survival (%) 77 £3.8 77.3+3.8 77.0+£3.8 0.999
Mean lamb weight (kg) 12.65 12.89 13.65 0.539
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Blood and urine analyses

Blood and urine mineral concentrations are shown in Table 8.2. Mean calcium levels in plasma declined
between day 120 and 140 from the start of joining, but there were no differences or interactions between
treatments. Most ewes in each treatment showed adequate calcium levels (>90 mg/L) at day 120, but less than
25% were adequate by day 140, in all treatments. Plasma magnesium levels in the low DCAD treatment were
higher than the control and standard at day 120, but there were no differences between treatments at day 140.
The proportion of ewes with adequate magnesium levels (>18 mg/L) declined during late pregnancy and was less

than 30% in all treatments at day 140.

Urinary calcium levels did not change over time and were similar between treatments. For urinary magnesium,
while there were no differences between treatments at either sampling time, levels increased between day 120
and 140 in the control, but remained stable in the supplemented treatments. Urine pH increased during late

pregnancy, but was similar between treatments.

Urinary fractional excretion of calcium was similar between treatments but was higher at day 140 than 120
(Table 8.3). Fractional excretion of Mg was higher at day 140, but while neither supplement differed from the
control, excretion was lower in DCAD than the standard supplement. Supplementation with either supplement
increased excretion of Na at day 140 compared with the control, although all treatments were similar at day 120

before supplementation.

Table 8.2. Plasma and urine calcium (Ca), magnesium (Mg) and sodium (Na) concentrations and urine pH from

three mineral supplementation treatments on days 120 and 140 from joining at Wagga Wagga in 2018.

Day Control Low DCAD  Standard P value P value P value
trt day trt x day

Plasma calcium 120 92.9 101.1 95.4 0.261 <0.001 0.192

(mg/L) 140 83.5 82.5 83.9

Proportion of ewes 120 0.73 0.82 0.73 0.628 <0.001 0.817

with Ca>90 mg/L 140 0.14 0.23 0.23

Plasma magnesium 120 19.5 234 21.1 0.028 <0.001 0.021

(mg/L) 140 17.2 16.9 17.0

Proportion of ewes 120 0.62 0.91 0.72 0.511 <0.001 0.143

with Mg>18 mg/L 140 0.28 0.27 0.28

Urine Ca mg/L* 120 42.2 325 32.6 0.934 0.94 0.241
140 50.0 26.2 27.9

Urine Mg mg/L* 120 124 269 144 0.779 <0.001 0.041
140 255 162 246

Urine Na mg/L* 120 4.8 17.6 5.6 0.092 <0.001 0.002
140 89.6 423.0 221.6

Urine pH 120 6.7 6.9 6.8 0.447 <0.001 0.197
140 8.2 7.8 8.1
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ARaw means — data log transformed for analysis.

Ewe health

A total of 14 ewes died during the study. The mortality rate was similar between treatments (2% in control and
low DCAD, 3% in the standard). The cause of death for most ewes was unclear, although two were lambing

complications. Only one ewe (control) was treated for hypocalcaemia, but was unresponsive.

Table 8.3. Urinary fractional excretion of calcium (Ca), magnesium (Mg) and sodium (Na) from three mineral

supplementation treatments on days 120 and 140 from joining at Wagga Wagga in 2018.

Day Control Low DCAD  Standard P value P value P value

trt day trt x day
Calcium 120 0.26 0.21 0.22 0.668 0.024 0.777
(%)A 140 0.56 0.32 0.44
Magnesium 120 5.32 4.53 4.55 0.238 <0.001 <0.001
(%) 140 14.87 11.79 21.43
Sodium (%)* 120 0.003 0.004 0.002 0.006 <0.001 0.005
140 0.013 0.227 0.064

AData was square root transformed, back-transformed means are shown.

Discussion

Mineral supplementation did not improve lamb survival, and did not appear to alter the rate of dystocia nor
clinical metabolic disease. Despite supplement consumption at near the target level, the calcium and
magnesium concentrations in plasma were largely unaltered compared with unsupplemented ewes, and the
majority of ewes in all treatments showed deficient levels by day 140 after joining. This is in contrast to previous
studies (e.g. pen study in this project, Masters et al. in press) where supplementation with magnesium increased

plasma Mg levels in both ewes and lambs. The low DCAD diet was effective, however, at reducing urinary Mg
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concentration and fractional excretion of Mg in comparison to the other treatments. This could be expected to

put ewes in an improved metabolic state.

Plasma Ca and Mg levels at day 120 in this experiment were within the range of values observed in the 2016
survey, but at day 140 the values were at the lower end observed in the survey. In particular, plasma Mg levels
at d140 in this experiment were lower than those observed in both the intensive pen feeding experiment and
the 2017 flock supplementation trial. Dietary mineral supplementation in this experiment did not raise plasma
levels to a level sufficient to remove the majority of ewes out of the risk zone — with less than 25% of ewes
having plasma Ca levels above 90mg/L, and less than 30% of ewes having plasma Mg above 18mg/L. It s likely
that this precluded any response in mechanisms that lead to improved lamb survival, such as the improved ewe
energy balance and lamb immune function as observed in the intensive pen study. The high level of grain
supplementation in this experiment, due to adverse seasonal conditions, may have been the cause for so many
ewes being marginal in Ca and Mg status in late pregnancy. Masters et al. (in press) observed higher plasma Ca
levels in unsupplemented ewes grazing cereal crops than those observed in the present study, and
supplementation with either a standard or low DCAD supplement was effective at increasing plasma Ca in many
of these flocks. Plasma Mg levels in the present study were also at the lower end of the range observed by
Masters et al. (in press), and supplementation improved plasma Mg levels in the flock with similar levels to that
observed in the present study. Supplement intakes in the study of Masters et al. (in press) were higher (up to
30g/hd/d) in many flocks compared to the present study, but not in the flock with similar plasma Mg levels
where supplementation was effective. Clearly interactions between herbage availability and type, any grain
supplementation, and the existing metabolic status of the ewes will affect not only supplement intake and the
metabolic response of the ewes. Age of the ewes and perhaps even breed (the previous studies used mostly
Merinos or Merino cross) may also influence the response. Further work is required before firm
recommendations can be given as to the likely response to supplementation with Ca and Mg under a range of

grazing conditions.
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9. GENERAL DISCUSSION

The comprehensive review of the literature found evidence indicative of potential mechanisms whereby sub-
clinical calcium and magnesium deficiencies might reduce lamb survival. Such mechanisms are likely to impact
on lamb survival through increased incidence of dystocia, and also potentially through reducing newborn lamb
viability through reductions in immunity. The effect of Ca and Mg on these mechanisms was confirmed through
an intensive pen feeding study, whereby it was demonstrated that increasing the Ca and/or Mg content of the
diet (above ‘adequate’ levels, as per feeding standards) improved the energy regulation of late pregnant ewes
(potentially reducing the incidence of ketosis and improving ewe vigour at lambing), and also the immune status
of newborn lambs (potentially improving newborn viability). There was also a trend (P<0.1) for a reduction in
parturition duration of second-born lambs from supplemented twin bearing ewes, which if repeatable could be
expected to improve the viability of second-born lambs. Supplementation with Ca and/or Mg also increased the
weight gain of lambs to 4 weeks of age. Lamb survival was not improved in this study, although given the small

number of animals included the study was not designed to test this.

One third of the 16 flocks sampled across southern Australia during 2016 had more than 20% of ewes with
below adequate calcium or magnesium a week before lambing, when grazing typical pastures. Given the
importance of Ca and Mg in mechanisms potentially affecting lamb survival identified in the review and
demonstrated in the pen study, this provided a compelling case to investigate whether supplementation of Ca
and Mg at the flock level could improve lamb survival. Low intake of the supplement at three of the five sites
tested in 2017 reduced the ability to test the efficacy of supplementation, but at the two sites where
supplement was consumed in amounts above 10g/ewe daily, there was no effect on lamb survival. A further
experiment in 2018 compared two forms of supplementation providing Ca and Mg — a low DCAD form and a
‘standard’ form (lime, Causmag and salt) and observed similar intakes (20g/hd/day) of each, but no effect of

supplementation on plasma or urinary Ca or Mg levels, and no effect on lamb survival.

It is concluded that many late-pregnant ewes in Australian grazing flocks are sub-clinically deficient in calcium
and magnesium. While the supplementation studies undertaken on commercial flocks grazing common pastures
did not show any improvement in lamb survival, this may have been due to variable supplement intake between
animals limiting any flock level response in lamb survival. Alternatively, given increased dietary intake of Ca and
Mg were shown to improve mechanisms (ewe energy status, newborn immunity) that could be expected to

improve lamb survival, it is possible that increasing supply of Ca and Mg in the commercial flocks did not result in
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improvements in lamb survival because the energy balance of the ewes and/or lamb immunity were not
compromised in these flocks. It is also possible, especially for the 2018 study, that the level of supplement
intake of near 20g/d was insufficient to improve the Ca and Mg status of ewes to a level which could result in
improvements in mechanisms leading to improved survival, given the high proportion of sampled ewes which

were marginal in Ca and Mg status. This does not preclude supplementation being effective in other flocks.

Supplementation of Ca and Mg can be cost minimal. For example, the raw components used in the standard
supplement cost 1c/hd/day, while the low DCAD supplement costs 2c/hd/day when offered at 30g/hd/day.
Labour and other costs associated with mixing and feeding these supplements out would need to be costed at
the individual farm level, but feeding the standard supplement for a maximum period of 6 weeks (2 weeks pre-
lambing and 4 weeks into lambing, by which time the majority of ewes would have lambed) would cost less than
$0.50/hd. Even a slight (1%) improvement in lamb survival would be sufficient to justify this expense at current
wool and meat prices. Supplementation could also be expected to reduce ewe mortality in flocks where a
significant number of ewes were clinically deficient in Ca (reducing milk fever incidence) and Mg (reducing grass
tetany incidence), or sub-clinically deficient in these minerals (by reducing the risk of twin-lamb disease and
other metabolic disorders). Furthermore, if the weight advantage (>2kg 4 weeks of age) of twin lambs born to
ewes consuming higher levels of Ca and Mg in the intensive pen study is replicated in flocks supplemented with
these minerals, this weight advantage alone could be expected to translate to improved weaning weights,
improving weaner survival and time to reach sale and/or joining weights, which could justify the investment

alone independent of any effect on lamb or ewe survival.

10. IMPACT OF WOOL INDUSTRY — NOW & IN 5 YEARS’ TIME

Although this project was unable to demonstrate any improvement in lamb survival by supplementation of Mg
and Ca to grazing pregnant ewes, the project did demonstrate that many late pregnant ewes are likely to be
deficient in Ca and Mg in flock grazing common southern Australian pastures. There is good evidence, based on
the comprehensive review of the literature, and improvement in mechanisms likely to impact on lamb survival
when the Ca and Mg status of ewes is improved under controlled conditions, that supplementation is likely to be
effective in improving lamb survival and early weight gain (and possibly reducing ewe mortality), especially in

twin-bearing flocks.

High meat and wool prices have increased producer interest in improved nutritional management of flocks.
Recommending the supplementation of Ca and Mg as part of best management recommendations, especially for
twin-bearing ewes grazing grass-dominant (including cereal crop) pastures as a low cost insurance measure,

should see an improvement in lamb survival and also early lamb growth rates. It is hard to estimate the size of
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the survival impact, as the response will vary widely between individual flocks, and our data does not enable us
to estimate the likely size of the impact. However, at a national scale the impact is likely to be modest (less than
5%), even though in individual flocks it could be profound. Given the observed effects of higher Ca and Mg levels
on improved ewe energy status and lamb immunity, the practice should be promoted on welfare grounds,
especially given the low cost of supplementation. Further work is recommended to understand factors affecting

supplement intake so that guidelines can be developed for ensuring adequate supplement intake.

The size of the increase in twin-lamb growth rate to 4 weeks of age achieved through supplementation, based on
our results, could be as high as 20%. Adopted at scale, if the early growth of twins translates to higher weaning
weights, this will result in improvements in weaner survival. Furthermore, for lambs destined for sale, this will
translate to higher sale weights and/or earlier sale dates, leading to improvements in profit. Further work would
be required to quantify the potential size of this impact, but given the low cost of supplementation and the

increase in early growth, a favourable benefit: cost ratio is expected
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11. CONCLUSIONS AND RECOMMENDATIONS

These studies indicate that sub-clinical hypocalcaemia and hypomagnesaemia commonly occur at significant
levels in late-pregnant ewes grazing common pastures. Whilst mineral supplementation did not improve lamb
survival in any of the grazing studies, the pen study, where intake of supplement could be controlled, did show
that mineral supplementation can improve the metabolic status of ewes. An improved ability to regulate energy
balance may reduce the risk of inducing metabolic disease, especially when ewes are challenged nutritionally or
otherwise. In addition, Ca and Mg supplementation did result in much lower contraction and parturition
duration (although not statistically significant) for second lambs from twin bearing ewes, which could be

expected to have positive effects on reducing dystocia.

Furthermore, mineral supplementation of ewes during late pregnancy and lactation resulted in an improved
immune response in lambs, which has the potential to lead to some improvement in lamb survival. The greater
live weight (at 4 weeks of age) of lambs from supplemented groups suggests that supplementation on this basis
alone may be worthwhile. However, it is unknown whether the almost 2 kg greater weight of lambs at 4 weeks
of age from supplemented groups (Ca, Mg and Ca+Mg) in the pen feeding experiment (where mineral intake was
controlled) could be achieved in ewes supplemented with minerals at pasture, and if so whether this weight
advantage could be maintained over time. If lambs from supplemented ewes were heavier at weaning, this
would improve weaner survival (or reduce costs to reach weaning weights), and for lambs destined for
processing, result in shorter time to reach target weights, resulting in cost savings. Further work is

recommended to determine if supplementation of Ca and Mg at pasture can improve lamb weight gains.

Remaining challenges include understanding factors affecting supplement intake of mineral supplements —
intake was variable across the sites investigated in this project, which may be related to feed on offer. Both
forms of supplement used in this project (standard and low DCAD) appeared palatable, although feed
manufacturers will often include other additives (e.g. dextrose) to improve intake, although this also increases
the cost. If supplement intake can be cost-effectively increased, further work could be undertaken to determine
whether higher levels of Ca and Mg supplementation than used in the present suite of experiments could lead to

improvements in survival.

Given the low cost of the calcium and magnesium supplements used in this project (<$0.02/hd/day),
supplementation of grazing ewes during lambing can be recommended as a risk management strategy to
minimise the risk of metabolic disorders, improve lamb immunity and early weight gains. While we were unable
to demonstrate any significant effect on lamb survival from supplementation, improvement in these traits could

be expected to improve lamb survival in some flocks.
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13. LIST OF ABBREVIATIONS

Ca calcium
Cu copper
iodine
K potassium
Mg magnesium
Na sodium
OSi ROM/TAC
P phosphorus
PTH parathyroid hormone
ROM reactive oxygen species
Se selenium
TAC total plasma antioxidant capacity
Zn zinc
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