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The application of a selenium fertiliser for the correction of marginal
deficiencies in grazing sheep

S W P Cloetea, F E van Niekerkb, M Youngc, G D van der Merwec and J Clarkd

INTRODUCTION
Subclinical selenium (Se) deficiencies in

sheep are often unpredictable and tran-
sient in nature. Associated subminimal
concentrations of Se in forages, resulting
in lower production levels, may remain
undetected. Subclinical Se deficiencies
and production responses to supplemen-
tation were reported in the southern
Cape coastal area1 and the Kwa-Zulu
Natal midlands21. A number of methods
can be used for supplementing Se to
grazing ruminants. The use of mineral
licks to provide Se is limited owing to low
and variable intakes4. The monthly
drenching of sheep with sodium selenite
is cumbersome to perform under certain
conditions20. Intraruminal Se pellets10,11 or

glass boluses15 serve as a readily available
source of Se, but these products are not
commercially available in South Africa at
present.

An alternative may be to provide Se by
topdressing pastures with sodium
selenate8,22. Because of the cost factor in-
volved under extensive conditions,
where a low stocking density is main-
tained, Se may be applied in strips to
cover only 20 % of paddocks4. A later
concept involved the application of
poorly soluble barium selenate as a
slow-release source of Se to pastures at a
rate of 10 g Se per ha23,25,26. This product
not only maintained elevated plasma Se
levels for up to 3 years in sheep, but it
also resulted in improved wool produc-
tion and an increased live weight in sheep
maintained on Se-fertilised paddocks
compared to control animals on un-
treated paddocks27.

Against this background, we assessed
the influence of a commercial Se fertiliser
on the Se status of sheep on sites that were
known to be marginally Se deficient1.

MATERIALS AND METHODS

Location and treatments
The trials were conducted at the

Outeniqua experimental farm (33° 55’ S,
22° 25’ E) near George in the southern
Cape. The site experiences cool summers
and mild winters, with a total annual
long-term precipitation of 694 mm. The
average monthly rainfall varies from
47.1 mm in July to 70.3 mm in October.
The fine, sandy loam topsoil overlies
structured clay, which is usually derived
from granite and Table Mountain sand-
stone. It is acidic and low in trace miner-
als. Production responses of sheep as a
result of oral or parenteral supplemen-
tation with copper (Cu) and selenium
(Se) on the site have been reported
previously1,20.

The commercial Se fertiliser used in the
experiment was available in granular
form. It consisted of a poorly soluble
barium selenate core, coated with highly
soluble sodium selenite. It has been
shown that similar preparations allowed
the sustained release of Se over a long
period25,26. The fertiliser contained c. 10 %
Se, and was administered at a level of
1 kg/ha in 2 trials.

Trial 1: Se fertiliser was administered to
3 kikuyu (Pennisetum clandestinum) pad-
docks ranging from 0.5 to 2.1 ha during
May 1995. Three similar-sized paddocks
without Se fertilisation were left as con-
trols. All paddocks received equal quanti-
ties of supplemental irrigation. Pastures
were grazed by 9-month-old SA mutton
merino ram lambs, at an initial stocking
density of c. 20 sheep per ha. Mature SA
mutton merino wethers were used to
balance numbers of sheep on different-
sized paddocks. The efficiency of Se
uptake on fertilised pastures was deter-
mined by the analysis of whole blood and
organ Se concentrations. Heparinised
blood samples (10 m ) from 5 designated
ram lambs per paddock were obtained
monthly (from May to September) by
jugular venipuncture, and stored at
–20 °C before analysis. During July and
September, 5 ram lambs from each pad-
dock were slaughtered to obtain liver and
kidney samples. These samples were
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stored at –20 °C before analysis. The
concentration of Se in whole blood, liver
and kidney samples was determined by
fluorometric procedures13.

During 1996, these paddocks were simi-
larly fertilised with Se. Another group of
ram lambs utilised the paddocks at a
somewhat lower stocking density of c. 15
sheep per ha. Sampling was conducted as
described above, but monthly blood
samples were obtained from June to
November. Slaughter of 5 animals for
liver and kidney samples took place in
July, September and November. Towards
the end of the trial, the flocks were
disrupted by stock theft, and slaughter
animals were available for only 2 of the 3
control paddocks in November 1996.

Trial 2: four of 7 paddocks were fertilised
with Se in May 1995, as described previ-
ously. The remaining paddocks were left
untreated as controls. Six of these pad-
docks were c. 0.7 ha in size, while the 7th
was smaller (0.5 ha). An oat fodder crop
was cultivated on all paddocks, which
were utilised by groups of 9 to 15 preg-
nant SA mutton merino ewes. The ewes
were introduced onto the paddocks at a
fixed stocking rate of 20 ewes per ha
in mid-June, just before lambing in
July. After lambing, the ewes and their
progeny grazed on the paddocks until
docking at an average (±SD) age of 41 ± 8
days. At this stage, whole blood samples
were obtained from individual ewes and
lambs by jugular venipuncture. Lambs
were weighed and identified with their
mothers within 24 hours of birth. Live
weight at docking and weaning (at an
average age of 125 ± 9 days) were re-
corded. These data were used to deter-
mine lamb survival to weaning of
individual lambs and the reproduction
(number and weight of lambs weaned) of
individual ewes. The blood samples were
treated as described previously. The trial
was repeated during June/August 1997,
using the same paddocks.

Statistical analysis
The treatments were administered to

paddocks, and not individual animals. It
was thus impossible to treat individual
animals as experimental units. Paddocks
were therefore replicated and regarded as
experimental units. Means were calcu-
lated for the respective paddocks, and
used in the statistical analyses. The
concentrations of Se in whole blood of the
ram lambs in Trial 1 were analysed
according to factorial designs18 with treat-
ment (Se fertilised or control) and month
(May to September in 1995 and June to
November in 1996) as factors. Liver and
kidney Se concentrations were analysed
according to a 2 (treatments) × 2 (slaugh-

ter dates; July and September) experi-
mental design in 1995. The corresponding
analysis in 1996 was a 2 (treatments) × 3
(slaughter dates; July, September and
November) factorial.

Whole blood Se concentrations of ewes
and lambs in Trial 2 at docking were
analysed as 2 (treatments) × 2 (years; 1995
or 1997) factorial designs. The Se treat-
ment was represented by 4 replications
per year, whereas 3 replications per
year constituted the control treatment.
Recordings obtained from individual
ewes were used to calculate paddock
means for reproductive performance.
Ewe reproductive parameters included
the mean percentage of lambs weaned
and weight of lamb weaned per ewe
available. As far as lambs were concerned,
survival (lambs weaned expressed as a
percentage of lambs born) was calculated
on a within paddock basis. Paddock
means for the continuous variables (live
weight at birth, docking and weaning)
were derived from least-squares analy-
ses6. The fixed models fitted to the data
included the effects of paddock, sex (ram
or ewe), birth type (single or multiple)
and the 2-factor interactions between
these effects. This approach was used
to ensure that paddock means were
adjusted for unevenness in the distribu-
tions of sex and birth type, since individ-
ual paddock means were based on
relatively small sample sizes within birth
type classes. Age at docking and weaning
were included as linear covariables, to
adjust means for age differences between
paddocks. Paddock means for the pro-

duction traits were analysed according to
a multi-factor analysis of variance, includ-
ing years (1995 and 1997) and treatments
(Se-fertilised or control) as factors. The
2-factor interaction was included in
preliminary runs. Since it was not signifi-
cant, only the main effects were retained
in the final analysis.

RESULTS

Trial 1
No clinical symptoms of a Se deficiency

were found in any of the trials. Whole
blood Se concentrations of ram lambs
were affected (P < 0.001) by treatment,
month and their interaction in 1995 and
1996. The models fitted the data well, and
accounted for a proportion of ≥0.89 of the
available variation. During 1995, Se fertili-
sation of pasture markedly increased (P <
0.01) whole blood Se concentrations from
approximately 80 ng/m to values exceed-
ing 140 ng/m within a month (Fig. 1).
After being introduced to the pasture for 4
months, blood Se concentrations in-
creased to >300 ng/ml, followed by a
decline to approximately 190 ng/m in
September. Concentrations of whole
blood Se of lambs on the control paddocks
were maintained at approximately
80 ng/m for 3 months, before declining
to <50 ng/m .

During 1996, whole blood Se concentra-
tions of ram lambs on the fertilised pad-
docks were increased (P < 0.01) to
>200 ng/m within 1 month of introduction
(Fig. 2), with a maximum value of 290 ng
Se per m whole blood in October. Whole
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Fig. 1: Concentrations of whole blood Se in ram lambs grazing paddocks treated with Se
fertiliser, or untreated control paddocks during 1995. Vertical bars denote standard errors.



blood Se concentrations of lambs on the
control paddocks ranged from 76 ng/m
to 87 ng/m .

During 1995, no interaction was ob-
served between Se treatment and slaugh-
ter date as far as liver Se concentrations
were concerned (Table 1). Liver Se con-
centrations of lambs grazing fertilised
paddocks were 3.5 times as high (378 vs
1323 µg/kg) as that of lambs utilising the
control paddocks in July, and 3.7 times as
high (282 vs 1038 µg/kg) as that of lambs
on control paddocks in September (P <
0.01). Time of slaughter and Se treatment
interacted (P = 0.06) in 1996. Lambs on
the fertilised paddocks maintained liver
Se concentrations c. 4 times as high (477 vs
2051 µg/kg) as those on the control
pasture in September (P < 0.01). The dif-

ference between treatments was reduced
in October and November, but remained
significant (P < 0.01).

No interaction between Se treatment
and slaughter month was observed for
kidney Se concentrations. During 1995,
kidney Se concentrations were elevated
(P < 0.07) on the Se-fertilised paddocks
(5900 ± 554 vs 3477 ± 554 µg/kg kidney
DM). A similar tendency (P = 0.07) was
observed during 1996 (6944 ± 475 vs
5230 ± 505 µg/kg kidney DM, respec-
tively).

Trial 2
The model fitted to whole blood Se con-

centrations of the ewes and their lambs
fitted the data well, accounting for >0.90
of the available variation. Whole blood Se

concentrations of ewes and lambs were
increased (P < 0.01) on the Se-fertilised
paddocks relative to the control paddocks
during 1995 and 1997 (Table 2). During
1997, the responses in both ewes and
lambs were greater than in 1995. This
resulted in an interaction (P <0.05)
between Se treatment and year.

The model fitted to the ewe reproduc-
tion and lamb survival data had a poorer
fit than those presented earlier, and
accounted for respective proportions of
0.38 and 0.18 of the total variation in lamb
survival and lambs weaned per ewe. The
proportions of total variation accounted
for in live weight traits ranged from 0.56
for birth weight to 0.11 in the case of
weaning weight. Year effects were signifi-
cant (P < 0.10) in some instances. No sig-
nificant (P < 0.10) difference in ewe
reproduction and lamb weights was
observed between paddocks fertilised
with Se and control paddocks. Absolute
differences favoured the Se-treated pad-
docks for mean (±SE) lamb survival rela-
tive to the control paddocks (71.5 ± 4.6 %
vs 62.2 ± 5.3 %, respectively; P = 0.21).

DISCUSSION

Blood and organ Se concentrations
Whole blood Se concentrations of the

ram lambs grazing untreated control pad-
docks in Trial 1 were generally below
100 ng/m , regarded by some authorities
as the threshold of marginal deficiencies7.
Other workers suggested a threshold as
low as 20 ng/m 9. In subsequent work, a
response to supplementation was ob-
served at 76 ng Se/m whole blood in ewes
rearing a lamb12. The corresponding con-
centration for non-breeding ewes was
40 ng Se/m whole blood. Hepatic Se of
ram lambs in Trial 1 similarly declined
to concentrations below 300 µg/kg DM
in September 1995. This is generally
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Fig. 2: Concentrations of whole blood Se in ram lambs grazing paddocks treated wih Se
fertiliser, or untreated control paddocks during 1996. Vertical bars denote standard errors.

Table 1: Mean (SE) liver selenium concentrations
(µg/kg DM) in ram lambs maintained on selenium-
fertilised and control paddocks during 1995 and
1996. Each mean is based on 3 replicates, except for
the control treatment in 1996. Only 2 replicates were
available in this case, because of stock theft.

Year and month Treatment

of slaughter Se-fertilised Control

1995
July 13231 (94) 3782 (94)
September 10381 (94) 2822 (94)

1996
September 20511 (177) 4772 (178)
October 13951 (177) 6162 (178)
November 13091 (177) 4832 (222)

1,2Different superscripts in the same row denote significance
(P < 0.01).

Table 2: Mean (SE) whole blood selenium concen-
trations (ng/m ) in ewes and lambs maintained on
selenium-fertilised and control paddocks during
1995 and 1997. Based on a 2 × 2 factorial design
with 4 replicates in the Se-fertilised treatment and
3 replicates in the control treatment.

Sheep type Treatment

and year Se-fertilised Control

Ewes
1995 3551 (18) 1612 (21)
1996 4811 (18) 1302 (21)

Lambs
1995 3751 (21) 1502 (25)
1996 5261 (21) 1132 (25)

1,2Different superscripts in the same row denote significance
(P < 0.01).



regarded as indicative of a marginal
deficiency7. These findings suggest a
marginal deficiency in Se on the experi-
mental site, particularly during spring,
as reported previously1. As far as the
productive ewes were concerned, no
conclusive evidence of a marginal Se defi-
ciency was obtained, although the Se con-
centrations in the whole blood of control
ewes and lambs approached 100 ng/m
during 1997. Since the ewes were not
exposed to the experimental paddocks for
extended periods, this cannot be re-
garded as conclusive evidence of the
lack of a subclinical deficiency on these
paddocks.

The grazing of kikuyu pastures ferti-
lised with Se clearly improved the Se
status of ram lambs under these condi-
tions, as reflected by increased whole
blood and hepatic Se concentrations in
Trial 1. A similar conclusion was evident
in the case of the producing ewes in Trial
2. In the case of the ram lambs in Trial 1,
this increase persisted for at least 6
months, making the product extremely
suitable for rectifying the medium term
Se status of grazing sheep. Increased Se
concentrations in whole blood1,11,12,14,
serum12,17,28, plasma15 and liver1,12,15,20 were
commonly reported after oral or paren-
teral supplementation of Se under mar-
ginal conditions. It is conceded that the
period over which the availability of Se
was assessed in the present investigation
was probably too short. When applied as
fertiliser, sodium selenate was effective in
increasing plasma Se concentrations of
grazing sheep for up to 15 months26. In the
case of slow-release barium selenate,
maximum responses in plasma Se were
only achieved during the 2nd and 3rd
year following application26. This formu-
lation was, in fact, effective in preventing
subclinical Se deficiencies for at least 4
years after application25.

Production of ewes
Overall lamb production (defined as

weight of lamb weaned per ewe mated) of
ewes grazing pasture marginally defi-
cient in Se was markedly improved by
c. 50 % after supplementation1. The allevi-
ation of a subclinical Se deficiency was
found to result in improvements of all the
components of overall reproduction rate,
namely ewe fertility5,29, multiple birth
rate1,16, lamb survival10,14 as well as early
growth of lambs and Angora goat
kids2,11,20,28. The survival of beef calves was
similarly improved after Se treatment19.
Responses in lamb survival were often
unpredictable and transient. Langlands
et al.10, for instance, found that the admin-
istration of Se improved lamb survival
relative to the control treatment at a high

stocking rate (0.86 vs 0.74, respectively),
while no effect was discernible at a low
stocking rate (0.83 vs 0.84). The study of
Segerson et al.17 reported more stillbirths
in control lambs compared to Se-treated
contemporaries. Improvement in lamb
survival could not be related to the
thermoregulatory ability of lambs in
another study3.

Improvement in ewe fertility and
multiple birth rate was not expected in
the present study, since supplementation
only commenced shortly before lambing.
The control ewes were furthermore not
subjected to the unfertilised paddocks for
extended periods of time. They could
thus draw on Se reserves built up on the
pastures that were utilised before the
present trial. There was a suggestion of a
better lamb survival on fertilised pad-
docks compared to control paddocks.
Whether this is related to reported im-
provements in lamb survival following
Se supplementation remains uncertain,
and should be investigated in further
production-orientated studies.

CONCLUSIONS
The medium-term Se status (6–8

months) of ram lambs grazing marginally
deficient kikuyu paddocks was clearly
enhanced by the application of a slow-
release Se fertiliser. A similar conclusion
could be drawn with regard to the
short-term Se status of ewes and lambs on
an oat fodder crop, over a period of
approximately 2 months. It must be
conceded that the potential of the ferti-
liser to improve the long-term Se status
(>12 months) of the pastures was not
adequately assessed in this study. Viewed
against the results of Whelan et al.26 and
Whelan and Barrow25, it is clear that
products of a similar nature are able to
provide sufficient Se to eliminate defi-
ciencies for up to 4 years following appli-
cation. Those studies, as well as that of
Whelan24, suggest that fertilisation with
BaSeO4 as a slow-release product pro-
vides a practical and safe way of Se
supplementation to grazing ruminants
for periods of up to 3 years after
application.
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Book review — Boekresensie

A quantitative biology of the pig

Edited by I Kyriazakis

1999. CABI Publishing, Wallingford, UK, 398 pp., 62 figures, 52 tables. Price £60.00. ISBN 0 85 199 273 0.

The measurability of pigs is not a new concept, but
this book adds depth and brings much of new
investigative techniques to the questions of pig
biology. The overall intention is to improve simu-
lation modelling as an eventual production tool.
The editor states, in the final chapter, that there
are problems involved in converting models into
practice and difficulties in including stochastic
elements when trying to predict population per-
formance from quantitative measurements in
individual animals. This does not detract from the
wealth of usable information in this excellent
book.

The editor has enlisted some 30 contributors
from outstanding scientific teams worldwide. In
the course of the 16 chapters, most aspects of the
pig, its composition, reaction to environment,
social interaction, breeding patterns, pre- and
post-natal growth, sow lactation, lean and fat
development, hormone controls and other factors
are examined, quantified and presented in read-
able form, aided by numerous tables, graphs and
diagrams.

The major area of investigation is, understand-
ably, nutrition. Nearly half of the book is devoted

to detailed examination of this subject, from
constituents of feeds and their absorbability and
metabolism to the requirements of pigs at all ages
and in various circumstances.

The contributors take a new and critical look at
many conventional wisdoms – are we really able to
analyse amino acids, is sow milk the best food for
piglets, why do we use 6.25 to convert N to CP, why
do we have problems balancing the energy flow
equation, should we not be more concerned with
physical and physiological attributes of feeds than
chemical analysis ...?

Although this book is written largely for nutri-
tionists, animal scientists and statisticians, every
chapter has a final discussion or conclusion para-
graph that summarises the content, and the refer-
ences are numerous and recent.

Any veterinarian who is concerned with modern
pig production will find a great deal of up-to-date,
authentic and useful information in its pages.

J T R Robinson
Department of Herd Health

Faculty of Veterinary Science
Medunsa


