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SUMMARY.

The occurrence and correction of copper deliciency in Merino sheep on an afected
property in north-western Queensland were studied in three ftrials in successive years, The
effects of copper supplementation on growth of weaner sheep, wool production, wool qualily
and reproductive performance were examined. '

Pasture analyses showed that copper deficiency in sheep was due partly to the low
copper and parily to the high molybdenum and inorgamic sulphate levels in the predominani
vegetation. Some herbage planis, which were abundant in autumn and winter after heavy
summer rain, showed particularly high concentrations of molybdenum and inorganic sulphate.

The experimental sheep were 450 weaners approximately 10 months of age at the
commencement. of the 1953-54 trial. Different groups received 20 and 30 mg. Cu respectively
as copper glycinate by subcutaneous injection at 6-monthly intervals, 200 mg. Cu as a copper
sulphate drench at 6-monthly intervals, and 200 mg. Cu as a copper sulphate drench at monthly
intervals.

Liver copper concentrations were unexpectedly high (mean 160 p.p.m. Cu) at the commence-
ment of the trial. In the controls these levels decreased gradually but were low only during
the last few months of this trial. Treatments at 6-monthly intervals maintained fairly satisfactory
reserves. Depletion was greatest during autumn-winter, when herbage planis were abundant.
Monthly treatments built up and maintained good liver copper reserves. In this trial copper
treatments had no influence on body weight or wool growth. : :

During 1954-55 the experimental sheep were re-disiributed into three groups—an untreated
control, a group receiving 30 mg, Cu as copper glycinale subcutaneously (in September and
December) and a group receiving 280 mg. Cu as copper sulphate drench (in September and
December).

Ewes in each group were mated. Copper treaimenits had no influence on reproductive
performance, birth weight, neo-natal mortality or growth rate to marking, All lambs had low
liver copper reserves at 3-4 months of age irrespective of the copper status in their dams.

Only the ewes from the drenched group, which consisted predominantly of sheep from
the group drenched once a month in the previous irial and thus had good liver copper reserves,
showed a marked response in wool production, These ewes produced about 0.5 b, per head
more greasy wool, There was a significantly higher incidence of copper deficiency lesions in
fleeces from the unireaied control aroup,
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During 1955.56 the lambs borm to ewes during the 1954-55 irial were divided into an
unireated control group and a group drenched with copper sulphate on two occasions at a
month’s interval (140 mg. Cu in September, 210 mg. Cu in October) and on a third occasion
after five months {280 mg. Cu in March). Copper supplementation did not influence weight gains
or wool production, but there was a high incidence of copper deficiency lesions in fleeces from
the unireated group.

From these studies recommended f{reatments to prevent copper deficiency in sheep in this
locality are (a) establish a good initial liver copper concentration by three treaiments at fortnightly
or monthly intervals and then maintain these reserves by 3-monthly treatments: and (b) treat
lambs at marking and thereafter at about 3-monthly intervals.

I. INTRODUCTION.

Copper deficiency affecting sheep in Queensland was reported by
Lee and Moule (1947), who recognised typical lesions in the wool of sheep
that had low concentrations of copper in their blood and liver. Affected
animals were located in the Cloncurry, Richmond and Hughenden districts
in north-western Queensland.

Harvey (1952) defined three localities in Queensland that account
for at least 90 per cent. of the affected wool produced in the State. In
each of these localities confirmation was obtained by copper determinations
on blood and/or liver. One is a large area around Cloncurry and extending
east to Hughenden; the second is the south-easterly portion of the Darling
Downs; and the third is a small area from Roma to Muckadilla.

A property situated in the Hughenden—Cloncurry area was selected
for studies on copper supplementation of sheep. This property was chosen
because it is within the most extensive of the affected areas, it had shown
a high incidence of affected fleeces for several years irrespective of season,
and it was considered that the smaller size and lower veproductive rate
of sheep in this area might be due in part to copper deficiency.

In north-western Queensland, sheep ave kept under extensive pastoral
conditions (about one sheep to six acres), so topdressing of pastures would
be a major undertaking. As shown by Harvey (1952), soils in this arvea are
usually rich in copper, but this copper is not readily available to the
predominant pasture plants. Thus only a limited vesponse would bhe
expected from topdressing. Ag internal parasites seldom affect sheep in
this area, drenching with medicaments containing copper is rarely practised.
Feed supplements or salt licks containing copper arve expensive, diffieult to
distribute and mnot eaten veadily by all sheep. Copper supplementation
through drinking water cannot always be arranged econveniently. Tt is
dependent on the carefully controlled treatment of the drinking water in
concrete or proofed iron troughs; on many properties stock drink direetly
from bore drains, and on others the underground water contains salts
that precipitate copper.
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The investigations described here extended over three years and
embraced the occurrence and correction of copper deficiency in sheep,
with particular reference to the effect of copper supplementation on the
growth of young sheep; the quality and quantity of wool produced; and the
reproduction of adult sheep. Copper supplementation by oral administration
of copper sulphate and by subcutaneous injection of copper glycinate (copper
aminoacetate) was studied. The work was done in three field trials, which
are reported separately.

II. MATERIALS AND METHODS.
(1) Experimental Paddock.

This covers approximately 4,000 acres of rather open undulating downs.
The western portion (area A) is of brown soil and the pasture is predominantly
Astreble spp. (Mitchell grasses). The eastern portion (area C) is of grey
soil and carries a considerable proportion of Iseilema spp. (Flinders grasses)
as well as Mitchell grasses. A number of stony ridges (area B) lightly
timbered with dcacie cane (boree) separate these two areas. In certain
seagsons there are wide varieties of herbage plants (forbs or non-gramineous
plants), which predominate on the stony ridges. The locality is one of
essentially summer rainfall, which results in an abundance of herbage
plants from February to June in most years.

A flowing artesian bore supplies the drinking water, which is reticulated
through an extensive bore-drain system.

This experimental paddock was used throughout Trials 1, 2 and 3.
Experimental sheep were transferred to small holding paddocks for
approximately three days each time body weights were recorded. In Trial 2,
ewes were held in a small paddock from Feb. 16 to Mar. 29, 1955 while
- Jambing observations were made,

(2) Soil.

Samples of soil from the experimental paddock were collected with a
steel spade. The roots of pasture plants in this area are in the top 6 in., so
soil samples were taken to a depth of 6 in. only. Samples were taken
from area A and area C of the paddock. Both are clay soils of heavy
texture. The stony ridges (area B) were not sampled.

(3) Pasture,

Samples were collected by hand, using stainless steel scissors, care
being taken to avoid contamination. At each sampling an attempt was made
to colleet samples of each plant species that appeared to be abundant and

eaten by sheep. All samples were identified by the Government Botanist
prior to chemieal analysis.
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(4) Experimental Sheep.

These comprised 450 Merino weaners 8-10 months of age at the
commencement of Trial 1. They were flock sheep born on a neighbouring
property and brought to the experimental property for shearing one month
before the trial began.

All animals were treated with the Mules operation and vaccinated
against blackleg, tetanus and Clostridium septicum to minimise losses during
the course of the experiment. Liver biopsies were made by the technique
of Dick (1944, 1950). Samples were partially dried in an oven on the
property before being air-freighted to the laboratory.

(6) Chemical Methods.

Copper was determined in soil, pasture, liver and blood by the
method of Clare, Cunningham and Perrin (1945). Molybdenum was
determined by the method of Dick and Bingley (1951). Inorganic sulphate
was determined by a modification of the benzidene sulphate method of
J. B. Bingley and A. T. Dick (personal communication 1953).

(6) Copper Treatments.

Copper was given orally as a 4 per cent. solution of copper sulphate
in distilled water, using an automatic drenching gun.

Copper was injected subcutaneously with an automatic syringe as an
aqueous solution of copper glycinate containing 2:5 mg, copper (Cu) per ml.
The solution was injected in the inner aspect of the left thigh, a wool-free
site; this permitted subsequent observation of any lesions produced.

“On each occasion, eopper treatments were not undertaken until the
collection of all samples for chemical analysis had been completed.

(7) Body Weight.

Body weight of all experimental sheep was measured with a clock-face -
spring ‘balance. On each occasion, animals were yarded for approximately
the same time prior to weighing. All animals were weighed before the
liver hiopsy and treatment,.

(8) Wool.

All sheep were shorn prior to the commencement of Trial 1 and
subsequently at intervals of approximately 12 months. Greasy fleece weight
was recorded for each experimental sheep, and wool samples from each
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animal were sent to the laboratory for determination of clean fleece weight,
fibre diameter, staple length, number of crimps per in., and the presence of
lesions attributable to copper deficiency.

(9) Lambing.

Lambing observations were made in Trial 2, using the procedure
described by Moule (1954). All experimental ewes were transferred to a
small paddock on Feb. 16, 1955 and lambed under surveillance. Data recorded
were number of ewes lambed and lambs born, birthweight of lambs, number of
deaths and weight gain to marking. On Mar. 29, 1955, all surviving ewes and
lambs were returned to the experimental paddock.

III. TRIAL 1 (1953-54).

(1) Experimental.

The 450 experimental weaners were distributed at random into five
groups of 90 sheep. The procedure was to run all sheep through a race.
Distinguishing raddle marks were applied so that a sheep from the first five in
the race was allotted to one of the five groups. This was repeated for each
successive five sheep in the race. Sheep were individually identified ~with
numbered ear-tags. As each group was weighed, every third sheep was drafted
into a sub-group of 30 for liver biopsy. The aim was to obtain liver samples
from 25 sheep in each group. :

The groups were allotted at random to the treatments as follows:
Group 1. Untreated control.

Group 2. 20 mg. Cu as copper glycinate given subcutaneously at
6-monthly intervals (September 1953 and March 1954).

Group 3. 3Q mg. Cu as copper glyeinate given subéutaneously at
6-monthly intervals (September 1953 and March 1954).

Group 4. 200 mg. Cu as 'copper sulphate giirén orally at 6-monthly
. intervals (September 1953 and March 1954).

Group 5. 200 mg'. Cu as eoppervsiilphate given orally once a month
" from September 1953 to June 1954 inclusive.

The trial commenced in September 1953 and finished in September
1954, Al sheep were weighed in September and thereafter at 3-monthly
intervals. Liver biopsy samples were taken every three months from approxi-
mately the same 25 sheep in each group.

B
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The sheep were shorn in July 1953 and again in June 1954, approxi-
mately nine months after the commencement of the trial.

Pasture samples for chemical analysis were taken from the experimental
paddock in September 1953 and thereafter at 3-monthly intervals. Soil
samples from this paddock were taken in September 1953 and September 1954.

(2) Results.

The 1953-54 season was particularly favourable for pasture growth,
with unusually heavy rain for this locality in February and March (Table 1).
This resulted in abundance of herbage plants from February to June. Fig. 1

shows the ample pasture available to sheep in the experimental paddock in
March 1954,

Fig. 1.

Photograph Showing the Abundance of Grass and Other Herbage Plants in the Experimental
Paddock in March 1954.
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Table 1.

RAINFALL RECORDED ON EXPERIMENTAL PROPERTY (INCHES).

Month. 1952, 1953, 1954, 1955, 1956.

January .. . . 1-34 479 4-66 7-36 592
February .. .. 09 12:03 12-25 11-61 557
March .. .. .. 31 00 11-93 4-46 1.73
April . . . 10 00 1-63 2:14 358
May o o .. 30 00 00 6-41 148
June .. . .. -00 00 45 41 1-15
July .. . . -00 -00 -00° -00 66
August .. . .. 00 -89 00 00 00
September . . 44 -00 -00 00 00
October .. o e 17 -00 1-54 00 15
November .. .. +71 ‘14 2:12 -28 -65
December e .. 2:09 -92 1-80 1-97 737
Total .. o 557 18-77 36-38 3464 28:26

Sept. 1952—Birth of experimental sheep.

July 1953—DPre-experimental shearing.

Sept. 1953—Commencement of Trial 1.

Sept, 1954—End of Trial 1 and commencement of Trial 2.
Sept./Oct. 1954—Ewes mated.

Feb./Mar. 1955—Lambing observations.

June 1955—End of Trial 2 and commencement of Trial 3.
June 1956—End of Trial 3.

Chemical analyses of soils are shown in Table 2. The brown soil from
area A is alkaline; it has a high level of total copper and molybdenum, and
is low in nitrogen and rich in available phosphate. The grey soil from area C

Table 2.

PARTIAL CHEMICAL ANALYSIS OF THE Two MaJor Soin Tyrrs IN EXPERIMENTAL PADDOCK.
(Expressed on dry-matter basis.)

e Molybd Nit Phosphat
N opper 0. enu; T
Location. Date Sampled. (pa Guy. | (popmm. Moy pH. o e
P,0).
Area A* .. | September, 1953 75 . 80 0-07 580
Area A .. | September, 1954 78 31 .. .. ..
Area Ct .. | September, 1953 32 . 74 0-04 400
Area C .. | September, 1954 32 7

* Brown clay soil of heavy texture.
T Grey clay soil of heavy texture.

is only slightly alkaline; the total copper and molybdenum levels are appreei-
able but lower than in area A; the nitrogen content is low and the available
phosphate content is high.



PARTIAL CHEMICAT, ANALYSIS OF THE PREDOMINANT VEGETATION IN EACH SECTION OF THE EXPERIMENTAL PADDOCK.

00T

Sept, || Do || March, 1954. TJune, 1954. Sept., 1954. TJune, 1955.
Area. Plant.
Cu. Cu. Cu. Mo. Cu. Mo. 80,. Cu. Mo. 80.. Cu. Mo. S0,,
p-p-m. ||p.p.m.| p.pra.| p.pm. ppm.|ppm| % |ppr ppm.| % | ppm. p.p.m. %

A | Astrebla sp. .. .. .. .. .. 39 1-8 2-1 6-2 34 32 0-7 1.7 | 11-6 0-7 2-8 72 0-4
Iseilema sp. .. .. .. .. .. .. .. .. .. .. .. - .. .. 3-4 8-7 0-5
Eriochloa sp. .. .. .. .. .. .. .. .. .. 4-3 77 1-7 .. .. .. .. ..
Digitaria ctenatha .. .. .. .. .. .. 33 2-6 .. .. .. .. .. .. .. .. ..
Sesbania aculeata .. .. .. .. .. .. 75 8-0 .. .. .. .. .. .. 10-2 | 34-2 1-0
Cucumis tregonis .. . .. .. .. .- 9-0 3-5 82 2-0 0-5 . .. - .. .. ..
Clitrullus colocynthis .. .. .. .. .. .. 81 4-8 .. .. .. .. .. .. .. .. ..
Operculina turpethum .. .. .- .. .- 6-1 4-6 .. .. .. .. .. . .. .. ..
Flaveria australasica . . .. .. .. .. .. 6-1 | 19-0 .. .. .. .. .

Ipomoea turpethum .. .. .. .. .. .. .. .. 85 2-1 o-o1yf .. | .. .. ..

Pterigeron adscendens .. .. .. .. .. .. .- .. .. .. 58 | 15-1 1-7 .. ..

Hibiscus ficulneus .. .. .. .. . 5-9 6-4 .. .- .. .. .- .. .. .. ..
Glycine tomentosa .. .. .. .. .. .. .. .. .. .. .. .. .. .. 7-9 | 30-0 0-4
Rhynchosia minima .. e e .. .. .. .. .. .. .. .. .. .. .. 41| 182 0-3

B | Astrebla sp. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 3-2 6-2 0-4
Iseilema sp. .. .. e e .. .. .. 2-4 2-9 3-8 3-6 0-2 3-3 4-4 0-5 27 25 0-6
Chloris sp. .. .. .. .. .. .. .. 4-5 | 10-0 3-9 2-0 | 0-05 .. .. .. .- .. ..

| Dactyloctenium radulans .. .. .. .. .. 39 35 .. .. .. .. .. .. .. ..
Acacia farnesiana (pods) .. .. .. .. 4-3 .. .. .. .. .. .. .. .. ..
Acacia farnesiana (leaves) .. .. .. . .. .. .. 5-3 1-9 0-01} .. ..

C | Astrebla sp. .. .. .. .. .. .. .. .. .. 3-3 39 0-5 17 35 0-5 32 2-3 0-2
Iseilema sp. .. .. .. .. . 6-0 .. 1-7 2-2 33 4-2 04 2-3 4-5 0-3 4-5 1-9 0-2
Boerhavia diffusa .. .. e .. .- .- 3-9 2-9 .. .. .. .. .. .. .. ..
Stida acuta .. .. .. .. . .. .. .. .. .. .. .. .. .. .o 5-8 2-9 0-4
Sida fibulifera . . .. .. .. .. .. .. .. .. .. .. .. .. .. .. 15-2 34 ..
Morgania glabra .. .. .. .. .. .. .. .. .. .. .. .. .. .. 10-2 55 09

Concentrations of Cu, Mo and inorganic sulphate are expressed on a dry-matter basis,

"ATAYVH W 'L ANV ONVTIIZHLAS 3 'V ‘@II0N ‘Y D
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The brown soil. (area A) carried predominantly Mitchell grasses; a
great variety of herbage was present at the March and June 1954 samplings.
The stony ridge (area B) carried little pasture in September and December
1953; there was a considerable amount of Acacia farnesiana (prickly bush),
the pods of which were eaten avidly in December 1953 and the leaves more
particularly in June 1954; Flinders grasses, Chloris sp. (a star grass) and
Dactyloctenium radulans (button grass) were present in March 1954, with
Flinders grasses predominating. The grey soil (area C) carried mainly
Flinders and Mitchell grasses, with some herbage plants in autumn-winter.

Copper, molybdenum and inorganic sulphate levels in the predominant
vegetation in each section of the experimental paddock are shown in Table 3.
The copper content was particularly low in the grasses (24 p.p.m. Cu D.M.),
whereas the herbage plants contained 6-15 p.p.m. Cu D.M. The molybdenum
levels were appreciable, being particularly high in some herbage plants from
area A, Most plants showed a high concentration of inorganic sulphate,

The mean concentrations of copper in the livers of animals from each
group, taken at 3-monthly intervals, are shown in Table 4.

Table 4.

Mean CopPER CONCENTRATION IN LIVERS OoF SHEEP IN TrIAL 1.
(Cu p.p.m. dry-matter.)

Group, Sept., 1953. Dec., 1953. March, 1954, June, 1954, Sept., 1954,
1 156  (8)* 115 (29) 63 (60) 21 (100) 22 (100)
2 158 (4)t 266  (0) 123 (20)} 99 (28) 55 (74)
3 172 (12)t 301 (0) 142 (20)t 133 (24) 77 (70)
4 151 (8)t 205  (0) 118 (41)t 112 (11) 49 (77)
5 164  (8)t1T 345  (0)ttt 315 (0O)t1T 275  (0)t 238 (8)

» Figures in brackets show percentage of sheep with liver copper concentrations less than 80 p.p.m.
1 Indicates treatment with copper, immediately after this liver biopsy.
111 Indicates three treatments with copper at monthly intervals,

The liver copper reserves were unexpectedly hfgh at the commencement
of the trial, the mean being 166 p.p.m. Cu, with 8 per cent. of the sheep
showing less than 80 p.p.m. Cu and 24 per cent. showing more than 200 p.p.m.
Cu. ‘

The untreated Group 1 showed a progressive fall in liver copper con-
centration. In March 1954, six months after the commencement of the trial,
the mean level was 63 p.p.m. Cu, with 60 per cent. of the sheep showing less
than 80 p.p.m. Cu. In June 1954, the mean level was 21 p.p.m. Cu and all
animals had less than 80 p.p.m. Cu. This low level was maintained in
September 1954.
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Group 2, which received 20 mg. Cu subeutaneously in September 1953
and March 1954, showed a marked increase in liver copper concentration in
December 1953, In March 1954 the liver copper status was below that recorded
at the initial sampling six months previously. In June 1954, the liver copper
levels were lower than those found in March in spite of re-treatment after the
March biopsy. There was a further depletion by September.

Group 3, which received 30 mg. Cu subcutaneously in September 1953
and March 1954, showed changes in liver copper storage similar to Group 2,
although the reserves were greater due to the higher dose rate.

Group 4, which received 200 mg. Cu orally in September 1953 and
March 1954, showed liver copper levels comparable with those of Group 2.

Group 5, which received 200 mg. Cu orally at monthly intervals, was the
only group that maintained. adequate liver copper reserves throughout the
12 months.

During this trial 10 sheep were accidentally killed during liver biopsy.
The opportunity was thus presented to ecompare analyses on liver biopsy
samples with analyses on larger representative samples taken from these livers
at autopsy. For liver copper concentrations ranging from 10 to 400 p.p.m.,
the experimental error on the biopsy sample was about = 11 per cent. of the
true value. ‘ '

The mean body weights for ewes and wethers in each group, recorded at
3-monthly intervals, are presented in Table 5. There were no differences
between groups.

Table 5.

Mean Bopy WeieHTs OF SHEEP IN TRIAL 1.

Group. Type. Sept., 1958. | Dec., 1953, | Mar., 1954, |JFune, 1954, |Sept., 1954,
" Ib. 1b. Ib. . - | Ib.
1 Ewes LN 488 52-9 64-5 75-8 80-3
2 Ewes .. 47-1 49-6 .63:5 747 790
3 Ewes .. 436 495 61-7 73-0 781
4 Ewes . 43-8 50-0 63-1 754 79-4
5 |Bwes = -..| 476 543 657 | 182 81-7
1 | Wethers .. 52:8° 57-9 70-5 83-0 89-4
2 Wethers .. 51:8 54-8 69:9 ' 81:5 88-6
3 ‘Wethers .. 492 - 55T . 68-5 81-3 87-2
4 Wethers .. - 456 51-9 67-0 813 - 872
5 ‘Wethers . 50-6 55-9 689 83-1 91-1
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The mean greasy and clean-scoured fleece weights for ewes and wethers
in each group are shown in Table 6. There were no significant differences
between groups in greasy or clean wool production or in wool quality.

' Table 6.

MEAN GrEASY AND CLEAN ScOoURED FLEECE WEIGHTS OF SHEEP IN TRIAL 1.

Mean Clean
Group. Type. . F%%%%g %gia;ﬁ’t. Sco%ég(iig}]:;’tl.eece
1b. 1b.
1 | Ewes .. ve 6:09 3-37
2 | Ewes .. .. 6-09 3-40
3 | BEwes .. .. 5-94 : 3:256
4 [Ewes - .. . 6:01 3-21
5 | Ewes .. s 6-25 347
1 | Wethers .. .. 668 377
2 | Wethers .. .. . 675 - 3-66
3 | Wethers ..- . 6-22 3:41
4 | Wethers .. . .. 6:22 3-39
5 |Wethers .. .. 6-52 3-52

At the conclusion of the trial in September 1954, the body weights of
sheep that had been biopsied on four occasions were compared with those of
un-biopsied sheep. There were no significant differences, indicating that
repeated liver biopsy had no effect on weight gain.

(3) Discussion.

The level of copper is particularly low in the grasses in spite of adequate
total copper in soils. This is evident even in area A, where the total copper
in soil is high. It would appear that copper in soils in this locality is largely
unavailable to the predominant pasture species. As might be expected in
alkaline soils, the availability of molybdenum to pasture is high. This is
evident particularly in area A, where the molybdenum concentration in soil
is high. '

From pasture analyses it appears that copper deficiency in sheep in this
locality is due partly to the low copper content of the grasses and partly to
inhibition of copper metabolism in sheep by molybdenum in the presence of
inorganic sulphate as shown by Dick (1952, 1953, 1954). Some herbage species
contain up to 34 p.p.m. Mo, which is comparable with levels recorded in the
teart pastures of Somerset (Ferguson, Lewis and Watson 1938, 1940). As the
molybdenum levels are particularly high in herbage plants, it might be expected
that interferences with copper metabolism would be most marked from March
to June, when these plants are present in abundance and readily eaten by
sheep.
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The ‘data on liver copper concentrations support the conclusion that the
period of greatest depletion of copper reserves in the animals was from March
to June, when herbage plants were abundant. Six-monthly treatment, either
orally or subeutaneously at the dose rates used, did not maintain adequate
liver copper concentrations. Group 3, receiving 30 mg. Cu as copper glycinate
subcutaneously, maintained liver copper reserves slightly better than Group 4,
receiving 200 mg. Cu as copper sulphate orally at 6-monthly intervals. The
findings of Sutherland, Moule and Harvey (1955) indicate that 30 mg. Cu as
copper glycinate subcutaneously and 200 mg. Cu as copper sulphate orally are
about the maximum safe doses for sheep of this age.

The unexpectedly high liver copper reserves in sheep at the commence-
ment of the trial may be related to the previous history of the animals. They
were born on a neighbouring property during the 1952-53 drought and were
brought to the experimental property only in July 1953. In the untreated
group it was not until March 1954 that a majority of sheep showed levels in
liver below 80 p.p.m. Cu. It was only in June 1954 that all sheep examined
in this group showed a low copper status. This was reflected in the absence
of lesions of copper deficiency in fleeces examined at shearing in June 1954.
On the basis of liver copper reserves, lesions could be expected only in that
portion of the wool fibre grown, at most, three months prior to shearing., The
same reason could be advanced to explain the absence of significant differences
between groups in growth rate or wool production.

IV. TRIAL 2 (1954-55).
(1) Experimental.

This trial was designed to study the effect of oral or subeutaneous
copper therapy, firstly on body weight and wool production of the wether
portion of the flock and secondly on breeding ewes in terms of body weight,
wool production, lamb production and weight of lambs at birth, at marking
and at weaning.

The experimental sheep from Trial 1 were re-allocated to three new
groups as follows:

Group A. TUntreated control (comprising all sheep from Group 1
plus a selection from Groups 2, 3 and 4),

Group B. 30 mg. Cu as copper glycinate given subcutaneously
' in September and December (comprising a selection from
Groups 2, 3 and 4).



.COPPER DEFICIENCY OF SHEEP. . . 105

Group C. 280 mg. Cu as copper sulphate given orally in September
and December (comprising all sheep from Group 5 plus a
selection from Groups 2, 3 and 4). - o

i

The method of re-allocation of sheep from . Trial 1 was based on four
considerations:

*"/f ’ (1) To keep ‘all the previously untréated sheep (Group 1) in Group A.
‘ : S These were known to have 16% liver copper reserves in June 1954,
GRS NEPEE S i WGy Al
(11) To keep all' the sheep prevmﬁsly"treated once a month (Group 5)
in Group C. These were "khown. to 'have -good liver copper
reserves in June 1954.

(111,) To allot sheep from Groups 2 3 and 4 to the new Groups A, B
. and C to give approx1mate1¥ equa,l numbers of ewes and wethers,
and at the same, tnne to ensure that Groups A B and C each
eontalned a minimum Cof Q?)‘ ewes and’ 20 wethers whose liver
copper eoneentratmns Were known from the June 1954 blopsy

(1v) "o allot sheep from Groups 2, 3 and 4 to Grroups AB and C on
‘ then‘ body Welg‘hts : » i .

' . . [N k Vel Co
it o : v e

Group A eoht)aihed‘ 56 ewes and 69 Wethers";ﬂv GroupB BT ewes and
71 wethers; and Group C 57 ewes and 71 wethers.

Liver biopsy samples were taken from approximately 20 ewes and
20 wethers in each group at the commencement of the trial in September 1954
and at the conclusion of the trial in June 1955.

Groups, B.and C were injected or drenched in September and December,
but the treatment planned for March had to he abandoned because of difficul-
ties imposed by weather conditions.

. [EH T
All sheep were Welghed in September 1954 and June 1955
Ewes were";‘om‘ed Wlth rams for six weeks from Sept. 20, 1954. The
ewes lambed under elose observation between Feb. 16 and Mar. 29, 1955,

All sheep were crutched in, December 1954 and Jetted with aldrin in
March 1955. W) B e . L

mm)

This, trial con(;luded in June 1955, when individual fleece weights were
determmed and wool samples were: taken. for laboratory -examination.
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(2) Results.

The 1954-55 season was again particularly favourable for pasture growth
from November to June, with much more than the average rainfall for this
locality (Table 1). As in the 1953-54 trial, there was an abundance of grass
and a variety of green herbage from February to June:

The chemical analyses of pasture from the experimental paddock at the
commencement of the trial in September 1954 and at the conclusion in June
1955 are shown in Table 3. The copper, molybdenum and inorganic sulphate
contents of the predominant vegetation were similar to those found at the
‘comparable periods in 1953 and 1954.

Table 7 records the mean copper concentrations in livers of sheep. The
method of re-grouping of sheep from Trial 1 resulted in the mean liver copper
concentration of both ewes and wethers at the commencement of the trial
_(September 1954) being low in Group A, moderately low in Group B, and
fairly satisfactory in Group C. Samples taken in June 1955 showed a further
fall in liver copper reserves in the untreated Group A, an improvement in the
copper status of the injected Group B, and a fall in the liver copper levels in
the drenched Group C. In June 1955, liver biopsies were made on a random
selection of 9 lambs from Group A ewes, 9 lambs from Group B ewes and
7 lambs from Group C ewes. All these lambs showed a low copper status.

Table 7.

N[EAN CorpER CONCENTRATIONS 1% LIvErs or Sueme v TRIAL 2.
(Cu p.p.m. dry-matter.) -

Group. Type. Sept., 1954, June, 1955,
A | Wethers .. .. 34 (100)* 16 (100)
Ewes .. .. .. 29 (94) 15 (100)
Lambs .. .. .. 11 (100)
~ H | Wetherstt .. .. 60 (70) 128 (53)
Ewestt . .. 69 (67) 109 (31)
| Lambs .. .. .. , : 16 (100)

C | Wetherst? el e 187 . (40) - 120.(47) -
Ewestt .. .. 183 (22) 113 (53)
Lambs .. .. .. 25 (100)

* Fxgures in brackets show percentage of sheep with liver copper concentrations less than 80 p.p.m.
+1 Indicates treatment with copper in September and December.
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bIn June 1954 blood analyses were made on a random selection of
9 ewes from Group A, 8 ewes from Group B and 6 ewes from Group C. The
mean results were:

Blood d C Liver Copper,

Group. (Mhéf’%{}’(}))/df&uﬁ ) (mg 8u/1%%prgli ) (p.p.m. D.M.)
A—eowes .. .. .. 4 0-05 13
B—owes .. .. .. 4 010 95
C—ewes .. .. .. 5 0-09 120

In ewes from Group A the copper concentration is low in both liver and
blood. In ewes from Groups B and C treatments have resulted in fair liver
copper reserves and blood copper levels lie within the normal range. The
data or pasture (Table 3) indicate that these blood molybdenum levels are
attributable to the very high sulphate intake limiting blood molybdenum in
spite of high molybdenum intake. This was shown by Dick (1954) in pen-fed
sheep. '

The breeding performance of the ewes and the weights of lambs at birth
and at marking are shown in Table 8. There were no significant differences
between groups in numbers of lambs born, birth weight, survival to marking
or daily weight gains of lambs. Daily inspections during the lambing period
(Feb. 16 to Mar. 29) revealed symptoms of ataxia in one lamb from Group A.

Table 8.

NuMBERS AND MEeAN Bopy WEIGHTS AT BIRTH AND MARKING OF LAMBS FrROM EWES

iN TriAL 2.
—_— Group A. Group B. Group C. |[Total orMean,
Number of ewes mated .. .. e .. 71 69 69 209
Number of ewes lambed .. .. .. .. 53 54 52 159
Number of lambs born .. .. 53 54 B2 159
Number of lambs died in neo- nata,l pemod .. 9 7 4 20
Number of lambs died neo-natal to marking .. 9 16 18 42
Lambs marked—Number . . 35 31 30 96
Per cent. .. .. .. 49 45 43 46
Mean birth weight of lambs (Ib.) .e . 574 583 5-84 5-80
Mean birth weight of lambs died in neo—na.tal 457 4-33 6-37 4-88
period (Ib.)
Mean birth weight of lambs marked (Ib.) .. 6-14 620 | 6-23 6-19
Mean daily gain of lambs that survived to 0-373 0-361 0-369 | 0-368
marking (Ib.) '




108 G. R. . MOULE, A. K. SUTHERLAND AND J. M. HARVEY.

Mean body weights of ewes and wethers in each group and the number
of sheep used to caleculate each mean are shown in Table 9. The ewes in each
group were considered in three classes—ewes that did not lamb; ewes that

Table 9.

NuUMBERS AND MEAN Bopy WEIGHTS (LB.) AND MEAN GAINs (LB.) oF WETHERS AND
DirrERENT CATEGORIES OF EwEes IN TRIAL 2.

; Ewes.
— ‘Wethers.
Did Lampbed, ‘Lambed,
not lamb, lost lamb.* reared lamb.**
Group A— : .
Number .. et e 49 16 16 31
Weight—
Sept. 1954 e .. 90 84 78 79
June 1955%** | - 102 92 82 72
Gain .. e .. +11-8 +17-8 +35 —6-6
Group B— . . o
Number .. e .. 47 11 12 33
Weight— '
Sept. 1954 .. . 87 73 ) 77 79
June 1955%** | .. 98 80 80 72
Gain .. .. . +10'5 +7-3 -+3:5 —6:6
Group C—
Number .. .. .. 55 14 15 27
Weight—
Sept. 1954 .. .. 90 81 80 82
June 1955%¥%* | .. 103 85 84 79
Gain .. .. .. +12:6 +4:1 +4:3 —31

* Lamb died before marking age.
** Lamb present at shearing.
*¥% Tmmediately after shearing.

produced a lamb that died before marking; and ewes.that had lambs present
at shearing. There were no significant differences between groups. Within
each group the influence of lambing performance on the body weight of ewes
was highly significant (P < 0-001).

Body weights of lambs after shearing in June 1955 were adjusted to a
standard age of 116 days (Table 10). The mean weight gain for all groups
was 0-27 lb. per lamb per day, and there were no significant differences
between groups before or after adjustment.
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Table 10.

Lamss BorN To Ewes 1N TrIan 2.
NumBERS AND MEAN Bopy WEIcHT, IMMEDIATELY AFTER SHEARING IN JUNE, 1955,

Mean Body Weight (Ib.).
Group. Type. N%;LTE%E 'of
Unadjusted. Adjusted.*

A Ewes o .. e e 19 36:3 359
B Ewes .. .. .. .. 18 34-4 343
C Ewes .. . .. .. 17 32-8 32:7
A Wethers .. .. .. .. 12 353 349
B Wethers .. .. .. .. 13 339 350
C ‘Wethers e “e .. .. 11 36-1 36-5

* Adjusted to a standard age of 116 days.

The mean greasy and clean fleece weights are shown in Table 11. There
were no differences in wool production of wethers from each group but ewes
from Group C produced significantly more greasy wool than ewes from
Groups B and A. The level of significance (P < 0-05) was obtained after
adjustment for lambing performances. Ewes were considered in the same

Table 11.

NUMBERS AND MEAN GREASY AND CLEAN FLEECE WEIGHTS (1B.) oF WETHERS AND
DirrERENT CATEGORIES OF EwWES 1N TRrIAL 2.

Ewes.
e ‘Wethers.
Did Lambed, Lambed,
not lamb, lost lamb. reared lamb.

Group A—

Number .. . . 48 16 16 32

Weight greasy fleece .. 10-16 8:76 8:56 7-88

Weight clean fleece . 6-30 510 517 458
Group B— ‘

Number .. .. .. 47 12 11 34

Weight greasy fleece R 10-25 8-81 8:69 8-00

Weight clean fleece .. 623 520 . 517 475
Group C—

Number .. .. .. 54 15 15 29

‘Weight greasy fleece .. 10-30 9-25 8-88 8:59

Weight clean fleece . 6-17 580 541 497

categories as for body weight—ewes that did not lamb, ewes that lambed but
lost the lamb before marking, and ewes that had lambs present at shearing.
The differences in fleece weight among ewes due to lambing performance were
highly significant (P < 0-001),
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Table 12.

G. R. MOULE, A. K. SUTHERLAND AND J. M. HARVEY.

NuMBERS AND MEAN GREASY AND CLEAN FrEEcE WEIGHTS (LB.) OF SELECTED

Sus-aroUPS OoF EwErs 1N TRIAL 2.

Did Lambed, Lambed,
Group. not: l;mb. lo:tnllm;b. reafaelcri1 ls,mb.
A—ifrom Group 1 of Trial 1—
Number .. .. .. 12 13 18
Greasy fleece weigh . .. 878 8:60 776
Clean fleece weight .. .. 505 522 454
B-—ifrom Group 3 of Trial 1—
Number .. .. .. .o 2 2 13
Greasy fleece weigh .. 926 9-05 7-87
Clean fleece weight .e ‘e 532 5-66 473
C—from Group 5 of Trial 1—
Number e . 10 9 20
Greasy fleece weigh ‘e . 9-98 9-13 8-89
Clean fleece weight .. 6-06 560 513

Comparisons in terms of greasy and clean fleece weight were made also
between selected sub-groups—ewes from untreated Group 1 of Trial 1 now in
Group A; ewes from Group 3 (30 mg. Cu as glyeinate) of Trial 1 now in
Group B; and ewes from Group 5 (monthly sulphate group) of Trial 1 now
in Group C. (These selected sub-groups had low, moderate and high liver
copper concentrations at the beginning of Trial 2 as a result of their previous
treatments during Trial 1.) These data are given in Table 12. Comparison on
this basis emphasised the superior wool production in the proportion of
Group C ewes from the originally copper-adequate Group 5. There was also
a trend for Group B ewes to produce more wool than Group A ewes.

Table 13.

NumBERS AND MEAN GREASY AND CLEAN FreEEcE WEIGHTS (LB.) or EWE AND
WereEER LaMBS BorN 10 EwWEes 1N TRIAL 2.

Mean Greasy Fleece Weight. Mean Clean Fleece Weight.
Group. Type. O?E;nlggg ]

Unadjusted. Adjusted.* Unadjusted. Adjusted.*
A Ewes 32 1-45 1:34 0-81 0-80
B Ewes 17 1-28 1:25 0:72 0-73
C Ewes 20 1-36 1.37 0-75 0:75
A ‘Wethers 11 1:25- 1:22 070 0-73
B ‘Wethers 16 1-30 1-59 0-75 0-79
C ‘Wethers 12 1-37 145 0-82 0-83

* To compensate for minor differences in average ages, fleece weight was adjusted to a standard age of

116 days.
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" The fleece weights of lambs were adjusted to a standard age of 116 days
(Table 13). There were no differences in fleece weight of lambs born to ewes
in each of the three groups.

Fibre diameter, staple length and crimps per in. were determined on
wool samples taken at the end of the trial in June 1955. The results are shown
in Tables 14, 15  and 16. The findings were considered in terms of ewes and
wethers from each of the three Groups A, B and C and in terms of selected
sub-groups based on previous treatments during Trial 1. Ewes were considered
also according to whether shey did not lamb, lambed but lost lamb, or lambed
and reared lamb. On wool from lambs, fibre diameter only was determined.

There was a suggestion that fibre diameter was greater in ewes from
Group C, but this did not attain significance. The differences among wethers
and among lambs were not significant. The fibre diameter of wool from ewes
that reared lambs was very significantly (P < 0-001) smaller than that
of the other two categories of ewes.

Table 14.
MeaN FiBre DI1AMETER (MicroNs) oF Woor rrom Ewrs, WeTHERS AND LAMBs IN
TRIAL 2.
Weth Lambed, bed,

Group. o Type. D?:y eexr\feg.r lo:tnllalgb. rein‘Ia:eIal l:glb.
A e o .. ..|Bwes o210 (s | 218 (1) 199 (33)
B .. . .. .. | Ewes .. 21-0 (11) 21-8 (11) 195 (32)
C Ewes . 219 (17) 216 (16) 205 (30)
A, from Grpup 1, Tria.l 1 .. | Ewes e 21-3 (12) 21-9 (13) 19-7 (18)
B, from Group 3, Trial 1 .. | Ewes" .. 220 ( 2) 21-2 ( 2) 199 (13)
C, from Group 5, Trial 1 .. | Ewes . 22-6  (11) 21:6 (10) 20-6  (21)
A Wethers . 21-8 (46)
B ‘Wethers .. 22-2  (46)
C Wethers .. 215 (53)
A, from Group 1, Trial 1 .. | Wethers .. 217 (34)
B, from Group 3, Trial 1 .. | Wethers .. 22:3 (16)
C, from Group 5, Trial 1 .. | Wethers ... 21-8 (31)
A Ewe lambs .. 18-:0 (22).
B Ewe lambs .. 17-6  (17)
C Ewe lambs .. 182 (18)
A Wether lambs 172 (11)
B Wether lambs 17-8  (15)
C Wether lambs 18-:0 (13)

* Tigures in brackets indicate the nuniber of animals in each group on which the assessment was made.
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~Table 15. -
MEeAN STAPLE LENGIH (0M.) OF WooL FEoM EweS AND WETHERS IN TRIAT 2.
Weth TLambed, Lambed,
Group. Type. D?‘y peiy Tost lamb. /reated 1amb.

A i ‘e o . «..|'Ewes - .. 89 (l5)* 94 (17) -89, (33)
B ee e e ...|Ewes o] 88 (1) 86 (11) | . 86 (32)
¢ Ewes .. 89 (17) 90 (16) 87 (30)
A, from Group 1, Trial 1 .. | Ewes .. 89 (12) 9-3 " (13) - 92 (18)
B, from Group 3, Trial 1 - .. | Ewes ool 90 (2) | -88 (2 - 85 (13)
C, from Group 5, Trial 1. .. | Ewes, 92 (1) 9:0 (10) . 88 (21)
A Wethers .. 9-1 (45)
B .. | Wethers S 88 (46)
C ..'| Wethers .. 8:8 (53)
A, from Group 1, Trial 1 .. Wethers .. 91 (34)
B, from Group 3, Trial 1 .. | Wethers .. 88 (16)
C, from Group 5, Trial 1 .. | Wethers .. 87 (31)

* Figures in brackets indicate the number of animals in each group on which the assessment was made.

Table' 16.
MeAN CriMps PER INcH oF Woon FrRoM EWES AND WETHERS IN TRIAL 2.
Weth TLambed, Lampbed,
Group. Type. Dgy g\r\?eg.r lo:i;n}a&b, real?gg I:mb.

A O Lo 121 (1B)* | 12:0 (17) 12:8 (33)
B . - oo .. | Bwes .. 100 (11) 11-9 (11) 12-1 (32).
Cc Ewes . .. 10-6  (17) . 10-9 (16) 11-6  (30)
A, from Group 1, Trial 1 .. | Ewes .. 122 (12) 11-6  (13) 13-2 (18)
B, from Group 3, Trial 1 .. | Ewes .. 110 ( 2) 100 ( 2) - 119 (13)
C, from Group 5, Trial 1 .. | Ewes .. 10-1  (11) 10-8 (10) ., 117 (21)
A Wethers .. 11-7 (45)
B Wethers .. 10-8 (46)
(0] Wethers .. 12:2  (53) .
A, from Group 1, Trial 1 .. | Wethers .. 11-6  (34)
B, from Group 8, Trial 1 .. [ Wethers .. 10-8 . (16) .
C, from Group 5, Trial 1 .. | Wethers . .. 122 (31)

* Figures in brackets indicate the number of animals in each group on which the assessment was made.

There were no significant differences in staple‘ length between groups
or selected sub-groups. :

In the ewes, after adjustment for lambing performance, Group A
had significantly (P < 0.01) more crimps per in. than Group C. In the
wethers, Group B had significantly (P < 0-05) 'fewer crimps per in. than
the other two groups. This difference is not understood and as it occurred
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in Group B ecannot be related to the copper status of wethers. Kwes
that reared their lambs had significantly (P < 0-01) more crimps per in.
than the other two groups.

The incidence of lesions in wool attributable to copper deficiency in
each group at shearing in June is summarised in Table 17, Evidence
of copper deficiency was obvious in 11 out of 110 fleeces in the untreated
Group A, 2 out of 104 fleeces in Group B, and 1 out of 113 fleeces in
Group C. These groups also contained 30, 15 and 15 fleeces respectively
that showed slight evidence of copper deficiency.

Table 17.

NuMsBER oF FrreceEs SHowiNG LEusions or CoppEr DEFICIENCY IN TRIAL 2.

Group A. Group B. Group C.
—_ Copper Deficiency Lesion. Copper Deficiency Lesion. Copper Deficiency Lesion.
Obvious, | Slight. | Normal. | Obvious, | Slight. | Normal. | Obvious. | Slight. | Normal.
Ewes did not lamb 2 3 1 . 2 10 . 3 12
Ewes lost lamb .. 2 8 6 e 2 10 . 1 14
Ewes reared lamb 1 7 23 1 3 29 .. 2 27
Wethers .. . 6 12 30 1 8 38 1 9 44
Totals—

Number .. 11 31 69 2 15 87 1 15 97

Per cent. .. 10 27 63 2 14 84 1 13 86

A summary of the analyses of variance of data from Trial 2 is given
in Table 18,

Table 18.
SUMMARY OF ANALYSES OF VARIANCE OF DATA FrOM TRIAL 2.
Mean Squares,
Source of Variation, | Degreesof | . . o
Freedom. | pody Weignt|  G1easy | Clean | e | orimps | Staple
S;g&e%; Weight. Weight. Diameter. | per Inch. Length.
Between groups 2 28-4 5:33% 3-02% 7:0 25-9%* 1.79
(elim, fertility)
Between fertility 2 2504-2%** | 10-48%** | G.7Q%* | 5R.Iwk* 21.7%% 1-32
states  (elim.
groups)
Interaction .. 4 73:6% 0-27 0-29 0-20 3-63 0-92
Residual .. .. 171 27-8 1.21 1-04 261 4-41 0-82

+ Approaching 5% probability level.

* Significant at 5% probability level.

** Significant at 1% probability level.
*xx Significant at 0-19% probability level,

(v}
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The essential findings on the effects of copper treatment upon wool
production and quality, as detected in this trial, were:

(@) In wethers, there was no effect on clean or greasy fleece weights,
fibre diameter, staple length or erimps per in.

(b) In ewes, clean and greasy fleece weights were increased by copper
treatment, and this increase was enhanced when previous copper
treatments in Trial 1 were considered.

(¢) In ewes, copper treatment tended to increase fibre 'diameter,
significantly reduced erimps per in. and had no influence on
staple length.,

(d) In both ewes and wethers, copper treatment reduced the incidence
of visible copper-deficiency lesions in wool.

(3) Discussion.

In the 1954-55 season the summer rains started earlier and persisted
longer than usual. This resulted in abundant pasture growth and a Wlde
variety of herbage plants in autumn-winter. - ‘

The predominant vegetation again showed a low copper status. The
molybdenum concentrations were appreciable, being particularly high in some
herbages. The inorganiec sulphate content was high. As in the previous trial,
copper deficiency was attributable partly to the low copper content of grasses
and partly to inhibition of copper metabolism in sheep by molybdenum in the
presence of inorganic sulphate.

The treatment of these animals in Trial 1 had a marked influence on the
liver copper reserves at the commencement of this trial. About two-thirds of
the sheep in Group A were from the untreated control group in Trial 1, so the
liver copper reserves were low in September. Group B, composed of
previously treated Groups 2, 3 and 4 from Trial 1, showed moderately low
copper reserves. Group C, composed largely of sheep from the monthly-
treated Group 5, showed fair copper reserves.

At the conclusion of Trial 2 in June 1955, all animals in Group A showed
a very low copper status. Although the mean levels were fairly satisfactory
in Groups B and C, about half the animals examined in each group showed less
than 80 p.p.m. Cu. As in Trial 1, treatment by subcutaneous injection tended
to maintain slightly better liver copper concentrations than oral treatment at
the same intervals. It was again apparent in this trial that treatments at
6-monthly intervals did not ensure adequate copper reserves.

In June 1955, liver copper concentrations were low in lambs born to
ewes in each of the three groups. Sheep in Groups B and C received copper
treatments in September and December 1954, It would therefore be expected
that ewes in these two groups would have had good copper reserves both at
mating and during pregnancy, and that lambs from these ewes would have
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good reserves at birth. The low liver copper levels found in these lambs in
June indicate that liver copper reserves present at birth were seriously
depleted by four months of age.

The percentage of lambs marked to ewes mated was low in all groups.
Poor fecundity and high neo-natal mortality are a feature of sheep hreeding in
north-western Queensland (Moule 1954). Ewes from the untreated control
Group A had low liver copper reserves at the time of mating and even lower
reserves nine months later in June 1955. Copper treatments given to Groups
B and C in September and December would have ensured an adequate copper
status during pregnancy, As there were no significant differences between
groups in numbers of lambs born, birth weight, survival to marking or daily
weight gain of lambs, it is concluded that copper supplementation did not
influence reproductive performance in this trial.

As in Trial 1, copper supplementation had no measurable effect on body
weight.

Ewes from Group C produced significantly more wool than those from
Groups B and A. About two-thirds of the sheep in Group C were from the
group drenched monthly during Trial 1 and thus had much higher liver copper
reserves initially. Fleece weights were therefore examined in terms of the
original untreated controls now in Group A, the original 30 mg. copper glycinate
ewes now in Group B, and the original monthly drenched ewes now in Group C.
Comparison on this basis enhanced the superior wool production of Group C
and showed a tendency for Group B ewes to produce more wool than Group A.
These findings emphasise the desirability of repeated copper treatments to
build up good initial copper reserves, which could be then maintained by
treatments given at intervals of about three months when sheep are normally
handled for other purposes.

The differences in fleece weight among wethers were not significant, even
when allowance was made for the previous treatments of the sheep in Trial 1.
There was virtually no difference in fleece weights between biopsied and
un-biopsied wethers, indicating that the operation had no adverse effect on
wool growth. In lambs the mean rate of wool growth was 0-014 1lb. per
head per day, and this was unaffected by the sex of the lamb or by the group
to which its dam belonged.

‘Wool samples from all fleeces were examined for fibre diameter, staple
length and crimps per in. There was a suggestion that fibre diameter was
greater in ewes from Group C. Ewes from Group A had significantly more
erimps per in. than Group C. No other differences that could be attributed to
copper treatments attained significance.

There were marked differences between groups in terms of incidence of
lesions in wool indicative of copper deficiency. However, some fleeces from the
treated Groups B and C showed evidence of slight copper deficiency, indicating
that copper treatments at 6-monthly intervals did not ensure an adequate
copper status in sheep in this locality.
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Within each group of ewes, lambing performance and lactation had a
significant influence on body weight, fleece weight, and the fibre diameter
and crimps per in. in wool,

V. TRIAL 3 (1955-56)—GROWTH OF LAMBS AFTER WEANING.

A feature of Merino sheep in north-western Queensland is the smaller
size compared with sheep of the same breeding in south-western Queensland.
This has been attributed to poor growth of lambs. In Trial 1 the experimental
sheep were 8-10 months of age at the commencement of the trial, and their
liver copper concentrations were unexpectedly high (mean 160 p.p.m. Cu).
No response in body weight was recorded from any of the copper treatments,
but it was only during the last three months of the trial (June to September
1954) that liver copper reserves in the control group might be regarded as
deficient, so no conclusions on the influence of copper supplementation on
growth of sheep in this locality could be drawn.

In Trial 2 there were no significant differences between lambs born to
copper-deficient and copper-treated ewes in birth weight, weight gain to
marking age or body weight at a standard age of 116 days. In June 1955,
liver copper reserves of a representative number of lambs, four months of

age, were low irrespective of whether lambs were born to copper-supplemented
or untreated ewes.

In September 1955, the 91 lambs born in Trial 2, now approximately
seven months of age, were divided at random into two groups by allotting

alternate sheep to each group as they were driven through a race. The two
groups were :—

Group I. TUntreated controls consisting of 26 ewes and 18 wethers.
Group II. Treated group consisting of 27 ewes and 20 wethers.

The treated group was drenched. with copper sulphate solution equiva-
lent to 140 mg. Cu in September 1955, 210 mg. Cu in Oectober 1955, and
280 mg. Cu in March 1956.

The lambs were weighed after shearing in June 1955 and again in
October 1955, March 1956, and after shearing in June 1956, as shown in
Table 19. There were no significant differences in weight gains.

Table 19.
MeaN Bopy Werents (1.8.) oF WEANER LaMBS IN TrIAL 3.
Group. Type. - June 1955.* October 1955. March 1956, June 1956,%
I Ewes - .. 34-7 52-5 749 750
II Ewes .. .. 348 535 714 720
I ‘Wethers . .. 359 54-1 787 740
1T Wethers .. . 35-8 542 778 730

* Immediately after shearing.



COPPER DEFICIENCY OF SHEEP. 117

The data on wool produced by these lambs at shearing in June 1956 are
presented in Table 20. There were no significant differences between groups
in terms of greasy or clean wool produced, but 10 out of 37 fleeces from the
control group showed obvious evidence of copper deficiency, whereas none of
the 35 fleeces from the treated lambs showed lesions.

Table 20.

MeAN GREASY AND CLEAN Fremce WEicaTs AND NUMBER oF FLEECEs SmowiNe LEsions
or CorPEr DrricieNcy AMoNG WEBANER LaMmBS 1N TRIAL 3 ar Juxe 1956.

Copper Deficiency Lesions.
Greas; Clean
Group. Type. N‘é‘gg:r of Flocos Fleece
‘ D- (ib.). (1b.). . K
Obvious, Slight. Normal.
I Ewes .. . 21 89 50 9 7 5
IT BEwes .. . 18 88 46 .. 6 12
I Wethers . 16 95 51 1 10 5
II ‘Wethers .. 17 9-6 53 .. 5 12

Thus, three copper sulphate drenches given during 12 months to weaner
lambs which initially had very low liver copper concentrations (Table 7) were
sufficient to substantially prevent visible copper-deficiency lesions in the wool
but had no effect on body weight or greasy or clean wool production.

VI. GENERAL DISCUSSION.

In this locality of north-western Queensland, copper deficiency in sheep
was found to be due partly to the low copper and partly to the high molyb-
denum and inorganic sulphate content of the predominant vegetation. The
period of greatest depletion of liver copper reserves in sheep was autumn-
winter, when herbage plants high in molybdenum and very high in inorganic
sulphate were abundant and readily eaten by sheep.

In these trials copper supplementation of ewes had no influence on
reproductive rate, birth-weight of lams, neo-natal mortality or growth rate
of lambs to marking. Copper supplementation of weaners did not affect their
growth rate. ‘

Fleece weights of sheep receiving copper were higher than those of
control sheep, but the differences were slight except in orally treated ewes.
After eliminating differences due to lambing, orally treated ewes produced
about 0-5 lb. per head more greasy wool than the controls. This orally treated
group comprised mainly sheep with high initial liver copper levels resulting
from treatment once a month during Trial 1, and the findings thus tend to
indicate a response to prolonged copper treatment rather than the superiority
of oral treatment.
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There was a much lower incidence of lesions in wool due to copper
deficiency in the fleeces of sheep from all treated groups, indicating that copper
supplementation had improved wool quality.

Six-monthly treatment of sheep, either orally or by subeutaneous
injection, did not ensure an adequate liver copper reserve, particularly in the
months when herbage plants predominated.

In spite of copper treatments of ewes which should have ensured
adequate liver copper reserves in lambs at birth, the liver copper concentrations
were low in lambs at four months of age.

Based on these trials, recommendations for the prevention of copper
deficiency in sheep in this area are as follows:

(1) Establish a good initial reserve of copper by three treatments at
fortnightly or monthly intervals.

(2) Maintain these copper reserves by treatment at approximately
3-monthly intervals at times when sheep are normally handled—
e.g., for shearing, crutching, jetting, marking and weaning.

(3) Lambs must be treated at marking and thereafter at 3-monthly
intervals.

At the dose rates used in these trials copper glycinate given subcu-
taneously was not markedly superior to copper sulphate given orally.
Sutherland, Moule and Harvey (1955) showed that there was some risk of
toxicity to weaners at dose rates exceeding 30 mg. Cu as copper glycinate
subcutaneously or 200 mg. Cu as copper sulphate orally.
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