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During 6 years, altogether 458 twin lambs of the Dala and Rygja breeds with their
dams were put on ovine white-liver disease (OWLD) pastures which were mode
rately , heavily or not cobalt fertilized, or on control pastures 15 km apart. Groups
of lambs were untreated, regularly dosed with Co sulphate or vitamin 812 , dosed
with Co pellets, copper oxide needles (CuO), selenium pellets or Co-Se-Cu glass
boli, or had access to Co enriched salt lick. Clinical symptoms in untreated lambs
included varying degree of reduced weight gain or loss of weight appearing after
6-12 weeks on pasture, at an age of 10-15 weeks. Additional symptoms were seen
2-4 weeks later, including inappetence, listlessness, and often serous eye discharge
and crusty ears. Of the untreated lambs on OWLD pastures 18% died or were
eutanized because ofOWLD. The cond ition was preventable by Co or 81 2 admini
stration, which yielded an average increase of mid Sept. live weights of between 8
and 17 kg. Co fertilization of pastures, use of Co enriched salt lick, or dosing with
Co pellets are recommended under practical circumstances. The lambs grazing
control pastures were on average 17 kg heavier by mid Sept. than the OWLD
lambs . They showed some weight increase on extra Co supply.

sheep; cobalt deficiency; 812 deficiency; iIlthrift; prevention.

Introduction
IIlthrift among grazing lambs on certa in cul
tivated pastures in south-western Norway
was described as a disease resembling ovine
white-liver disease (OWLD), a condition
with hepatic damage in cobalt/vitamin BI2

deficient lambs (Ulvund & @veras 1980,
Ulvund 1983). On affected pastures, the
lambs grew well up to mid July, when they
were 3-4 months of age, while weight gain
during late summer was poor. This article
describes the clinical symptoms of the dise
ase as well as the effects of preventive
measures undertaken during a 6-year period
(1981-86).

Materials and methods
Survey of preventive measures, symbols
used, pastures, lambs and lamb groups are
shown in Tables I and 2. The OWLD pastu
res (S) totally comprised 1.4 ha of cultivated
land , while the control pastures (H) included
3 neighbouring plots (2.7 ha/plot) of fertili
zed natural pastures, all situated 15 km
away from the OWLD pastures. Lambs had
been thriving well for years on the H pastu
res. Botanical and chemical composition of
the pastures is given elsewhere tUlvund &
Pestalozzi in press).
Altogether 458 twin lambs of the Dala and
Rygja breeds with their 229 dams were in-
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Table I . Survey of preventive measures performed in experimental lambs, and symbols used. Lambs
designated S were grazing OWLD pastures at Serheim, while those grazing disease free pastures at H0Y
land were designated H.

Symbol

S
SCOS04
SBI2

SCopeli

SCuO

SCoSeCu

sSe

SColick

SCo
SCl>+

H
HCopeli
HColick
HCo

Explanation

Not treated.
Cobalt sulphate given weekly by mouth at a dose of 33 mgCOS04 . 7H20 (7 mgCo).
Vitamin Bn-depot (hydroxocobalamin, NYCO, Norway) given at a dose of2 mg im every
third (1981, 1984)or second (1982, 1983, 1985)week.
Permaco Cobalt Pellets (ICI, Tasman Vaccine Lab., UK) dosed on June 25 1984 and July
I 1985.
Copper oxide needles (Copporal, 2 g, Beecham Animal Health, UK) dosed at pasture outlet
(May 15) 1984.
Cobalt-selenium-copper glass boli (CoSeCure, Chance Pilkington Ltd., The Wellcome
Foundation Ltd., UK) dosed on July I 1985.
Selenium pellets (Permasel, 5 %, ICI, Tasman Vaccine Laboratory, UK, Bury St. Edmunds,
Suffolk)dosed on July I 1985.
Access to sodiumchloride Iickstone (39% Na, 0.07% Fe) added (mglkg stone) Co (21), Mn
(182), Zn (113), I (25.5), and Se (20.4). Manufactured by J. 0stensj0 & Co. A/S, Haugesund,
Norway.
Lambs grazing moderately cobalt fertilizedOWLD pastures.
Lambs grazing heavily Co fertilizedOWLD pastures.

Not treated.
Permaco Co pellets dosed to single H twins on June 22 1981 and June 6 1983.
Access to Co lickstone.
Grazing Co fertilized disease free pastures.

eluded. The individual groups were matched
with regard to age , sex, breed and live weight
(lw) in early May each year. On average, the
Dala/Rygja ratio within the groups was 1.3.
The lambs were born between Apr.5 and
May I, mean birth date was Apr. 19. Pa
sture outlet was between May IO and 20 ,
and the lambs grazed with their dams until
the end of the experimental period in Sept.!
Oct., when most of them were slaughtered.
Mean number of days at pasture was 143.
Mean pasture area per ewe with twins was
between 750 and 800 m2 on the S pastures,
and between 1900 and 2700 m2 on the H
pastures. This setup was designed to com
pensate for better growth of grass on the S
pastures. Each year, the S pastures were
overgrown and had to be cut at the end of
June. During 2 years, decreasing amounts of
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grass in later part of the grazing period led to
the removal of the untreated S group on
Sept. 21 1981 , and the SCopeII group on
Aug. 15 1985 .
All lambs were weighed weekly, whereas the
eves were weighed monthly. The lambs were
examined clinically in connection with
weighing, sampling and dosing. Blood samp
les were taken and examined as recorded
elsewhere (Ulvund in press a). Lambs with
severe OWLD were taken to the laboratory
for treatment or euthanasia and autopsy,
and in 1982, lambs from 3 groups were kil
led and autopsied at various intervals
throughout the grazing period (Ulvund. in
press b).
The ewes were given anthelmintic treatment
with either fenbendazole
Hoechst, UK) or albendazole (Valbazen8l,
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Table 2. Survey of pastures and number of lambs (n) used within
each group every year. Symbols are explained in Table I. Number
of lambs which dies or were eutanized due to OWLD is given in
brackets .
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Year

1981

1982

1983

1984

1985

1986

Sum

Sa:rhcim pastures (S) Heyland pastures (H)
(OWLD associated) (disease free)

Not cobalt Cobalt
fertilized (S) fertilized (SCo)

Group n Group n Group n

S 8(4) SCo 12 H 20
SCOS04 8 HCopell 20
S812 8

S 12(2) SCo 12 H 30
S812 12

S 16(4) SCo 12 H 24
S812 8 HCopell 24

S 6(1) SCo 12 H 24
S812 6
SCopell 8
SCuO 6

S 6 SCo 6 H 24
SCopell 4
S812 4
SCoSeCu 6 SCo+ 6
sSe 6

S 12 SCo 6 H 24
SColick 12 SCo+ 6 HCo 24

HColick 24

148 72 238

One third of the OWLD pastures (S) was fertilized with cobalt
(COS04 . 7H20, 1 kg/ha) in early May for three years (1980-1982,
SCo). Half of this plot was fenced olfand refertilized (I kg/ha) in 1985
and 1986 (SCo+). In 1986, the unfertilized S pasture was divided in
two parts, and Co lick was placed on one (SColick). One of the control
(H) pastures was Co fertilized (2 kg/ha) in 1986 (HCo), and Co lick
was placed on one (HColick).

NOVO, Denmark), and also vaccinated
against clostridial diseases 2-{j weeks before
lambing each year Hoechst or

Welcome, UK). The lambs were

treated prophylactically against coccidiosis
with sulphadimidine by mouth (16%, 1
ml/kg lw) on day 12, 14 and 16 after outlet.
Faecal samples were taken 2-4 times at dif-
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ferent intervals throughout grazing, and ex
amined for coccidia and helminthic eggs
according to routine methods. The lambs
were treated 5 times with either fenbenda
zole or albendazole, the first time after 2-3
weeks on pasture, and then after 2, 3, 4 and
4 weeks .
Preventive measures are shown in Table I.
Both twins were treated unless otherwise
mentioned. The localization of the pellets in
the forestomachs was examined at slaughter.

Results of Cu and Se dosing are reported
elsewhere (Ulvund. in press c). The Co lick
stone was available for the sheep throughout
the entire grazing period.

Statistical testing of differences was done
by Student's t-test.

Results
Clinical symptoms
Live weight (iw) curves are shown in Fig. I,
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Figure I . Mean weekly live weights (kg) in various groups of lambs throughout the grazing period. The
initial point of significant difference (p < 0.05) between some groups are indicated by broken vertical
lines. For explanation of lamb groups, see legend of Table I. Vitamin 8 12 injections (8812 group) are
indicated by arrows, anthelmintic treatments by stars.
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Figure 2. Typical lamb affected with OWLD, with eye serous discharge and small crusts on ears. This
lamb was 22 kg in early July, and had the same weight by end of Sept., when it was eutanized.

Figu re 3. These lambs had the same live weight (13 kg) when they were put on OWLD pastures. The left
lamb was untreated, and weighed 24 kg by mid Sept., while the right was injected every second week with
vitamin 81 2, and was 20 kg heavier.
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Table 3.Growth rates (gIday) during pasture each year for the untreated lambs on
OWLD pasture (S), and increases (g/day) for the other groups as compared with the
S group. Mean values for all years and range in mean growth rates from year to year
are givenwithin each group. For group explanation, see legendof Table I.

1981" 1982 1983 1984 1985 1986 Mean Range

S 125 116 132 170 149 127 137 116-170

SCOS04 97 97
SCo 71 60 99 52 60 100 74 176-231
SCot- 62 132 97 211-259
SCopell 56 56
SBI2** 119 122 74 105 223-254
SBI2*** 88 32 60 202-213
SColick 115 115
H 118 130 88 93 82 129 107 220-263

* In 1981, growth rates for all groups are given between pasture outlet and Sept.
21, when the S lambswere removed from the OWLD pastures.

** Injectedwith BI2 every twoweeks.
*** Injectedwith BI2 every three weeks.
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and growth rates (g/day) from pasture outlet
to removal from pasture are shown in Table
3. Control lambs (H) showed satisfactory
weight gain evey year, while the untreated S
lambs showed varying degree of reduced
weight gain and loss of weight throughout
grazing. The difference in mean Iw between
the Hand S lambs was significant from be
tween July 5 (1982) and July 29 (1985), and
was between 13 and 22 kg (overall mean 17
kg) by mid Sept.
Reduced weekly weight gain was the first
sign of the disease. Additional symptoms
were seen 2-4 weeks later, in late July
(1982, 1983) or early Aug. (1981,
1984-1986), and developed gradually. Ge
neral features were unthrifty outlook with
dry, lifeless fleece , inappetence, listlessness
or a sort of tameness resulting in reluctant
gait. Serous eye discharge with formation of
crusts on eyelids and cheeks (Fig. 2) was
seen in about 10 % of the untreated S lambs
in late July, and in 20-50 % of them in
Aug.-Sept. Conjunctivae were moist and

sometimes hyperaemic, although other
membranes appeared pale. The ears were
often diffusely reddened with dry skin and
small crusts. Scurvy ears were noted in up to
50 % of the untreated S lambs in Aug-Sept.,
but some years this was seen in up to 40 %
of lambs from the other S groups, except the
SBI2 group which was unaffected. The most
seriously affected lambs were weak , and
some became dull and atactic. Blindness and
convulsions were not seen during these
years. The animals were afebrile, only a few
had fever (> 40'C) in more advanced stages.
Respiratory rates and pulse rates were nor
mal, except for increased rates in the few
with fever . Ruminal activity was most often
reduced.
Altogether II untreated lambs on OWLD
pastures died or were eutanized due to se
vere OWLD (18 %, Table 2). In addition,
two untreated S lambs were found dead on
pasture in June and July 1981 , and one in
June 1983, before they had developed clini
cal OWLD, and no cause of death was found
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(autolytic). Two lambs from the SCoS04

group died from other reasons .
Coddidial oocyst counts were low within alI
groups . The anthelmintic treatment scheme
resulted in moderate total mean egg counts,
although a rise was seen in Aug. most years.
During 4 years, the untreated S lambs had
higher mean number of nematode eggs per
gram (EPG) in Aug. (above 1000) than the
other groups, which had mean EPG below
1000. In 1983, half of the S lambs had diar
rhea 14 days after pasture outlet, but no cor
relation to oocyst counts was found. Spora
dic cases of diarrhea were seen most years
within alI groups, but no direct cause was
found.

Prevention
Extra supply of Co, or regular 8 12 injections ,
resulted in an average increase of mid Sept.
Iw of between 8 and 17 kg, as compared to
untreated S lambs (Fig. I).
Weekly dosing with Co sulphate gave good
performance and prevention of symptoms,
althrough a few lambs had crusty ears. Fer
tilization of pastures with Co had similar
effect. The use of I kg CoSOiha for 3 years
had satisfactory effect during the following 3
years. After that, the effect seemed some
what reduced . The difference in mean Iw
between the SCo and SCo+ lambs in 1986
was 4 kg on Sept. I (NS).
Dosing with Co pelIets resulted in satisfac
tory lamb growth. At slaughter, none of the
S lambs and 2 of the H lambs (3.5 %) had
lost the pelIet. In mid Sept. 1984, the SCo
pell lambs were on average 12 kg heavier
than the S lambs (p < 0.005). On aug. 15
1985, when the SCopelI lambs were remo
ved from S pasture, they were 2 kg heavier
than the S lambs (NS).
Dosing with 8 12 resulted in very good per
formance . The wool was soft and there were
no crusty ears (Fig. 3). The use of Co lick-
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stone on the S pastures also resulted in ex
celIent growth .
Application of extra Co to H lambs (HCo
pelI, HCo , HColick) resulted in 2-3 kg Iw
increase by end of grazing season (NS).
During 1981 and 1983, the HCopelI lambs
gained on average 15 g/day more than the H
lambs. Up to Oct. 19 1986, the HCo and
HColick lambs gained 7 and II g/day more
than the H lambs .
The adult ewes were generalIy in good con
dition on alI pastures, and showed no sign
ificant differences in Iw.

Discussion
The symptoms of our lambs including ilI
thrift, serous eye discharge and crusty ears
were similar to those described for OWLD
by Clark et al. (1978), Sutherland et al.
(1979), and Mitchell et al. (1982). Signs of
acute photosensitization with oedema and
swelIing of ears , which were seen in a few
lambs during earlier years, were not noted .
The crust formation on the ears may reflect
a state of chronic photosensitization. Hot
swolIen ears are described in the acute dise
ase, while anaemia, emaciation and crusty
ear lesions are typical in the chronic form
(Clark et al. 1978, Sutherland 1978, Ri
chards & Harrison 1981).
Simple Co 'deficiency is characterized by
growth retardation, emaciation, and watery
eye discharge (Andrews 1971, Smith 1987),
as welI as tender and lifeless wool (Lee
1950). It is stilI unclear whether OWLD is a
primary Co deficiency, or a hepatopathy
against which dietary Co or injected 8 12 are
protective (Smith 1987). The clinical symp
toms are not pathognomonic for any of the
diseases.
The lambs started to show reduced weight
gain after 6-12 weeks on pasture, at an age
of 10-15 weeks. In 21 outbreaks ofOWLD,
lambs aged 6-24 weeks were involved in 18,



Ovine white-liver disease in Norway 59

hoggets aged 54-58 weeks in 2, and adult
ewes in 3 (Sutherland et at. (1979). Lambs
around and idler weaning age have been
most commonly affected (Clark et al. 1978,
Richards & Harrison 1981, Mitchell et at.
1982, McLoughlin et at. 1984). Simple Co
deficiency often becomes apparent when
sheep graze 4-6 months on deficient forage
(Blood et al. 1985). Depending on the cobalt
nutrition of their dams, however, reduced Iw
gain may appear already from 4 weeks of
age (Quirk & Norton 1987).
Nearly all the unsupplemented S lambs
(95-100 %) showed reduced weight gain as
compared to the Co/B I2 supplemented ones.
One died of OWLD, while 10 were so seve
rely affected that they had to be eutanized
(18 %). Sutherland et al. (1979) reported a
mean morbidity rate of OWLD in lambs
within the flocks of 36 % (6-100 %), and a
mortality of 15 % (0.5-42 %), while Mitchell
et al. (1982) reported that morbidity varied
from 20 to 100 %, and mortality from 8 to
15 %. In primary Co deficiency, correspond
ing figures are not easy to find, due to varia
tions in severity and Co status of the ani
mals. In seriously deficient regions, mor
bidity may reach 60 %, and 80 % of affected
lambs may die (Jensen & Swift 1982).
The individual variation in Iw within the
groups, as expressed by the estimated stan
dard deviation (sd), was between I and 2 kg
at pasture outlet. By mid Sept ., the sd had
increased to 5-6 kg in the H group, and to
6-10 kg in the S group. The lowest mean Iw
was associated with the largest sd. This pro
bably both reflects a difference in suscepti
bility of OWLD, and that once lambs had
reached a certain degree of clinical affection,
they were progressively worsened.
The variation in clinical symptoms among
the S lambs was also great. Characteristics
like reduced vigour and unthriftiness were
difficult to quantify, and as the most evident

symptom, eye discharge, only affected a pro
portion of the animals, clinical diagnosis on
single lambs basis was difficult. Blindness
and convulsions as seen earlier (Ulvund &
(iJveras 1980), were not noted. Neurological
symptoms seem to appear occasionally in
OWLD (Smith 1987).
When lambs are 12 weeks old, the ewe's
milk yield disminishes, the grass falls off in
production and quality, and effects of para
sitism and fouling may appear (Willcock
1971). Our strategic anthelmintic treatment
ruled out the significance of parasites as pri
mary cause of the illthrift. The higher mean
egg counts found in the untreated S lambs as
compared to the others may indicate a state
of decreased resistance to parasitism. Some
workers suggest that Co deficient ruminants
have such decreased resistance (Richard et
al. 1954, Andrews et al. 1970, Sutherland
1978, MacPherson et at. 1987). The occur
rence of diarrhea may also reflect impaired
immunity. Sporadic cases of diarrhea were
also found in OWLD by Sutherland (1978)
and Mitchell et al. (1982).
The effects of fouling were regarded as in
significant on the H pastures, but may have
been of some importance on the S pastures,
explaining some of the Iw difference between
the H lambs and Co/B I2 supplemented S
lambs. The condition was unaffected by
heavy stocking as long as grass availability
was sufficient, and 750 m2 pasture area per
ewe yielded even heavier lambs by mid Sept.
(1984, 1985) than 800 mS (1981-1983).
However, when amounts of grass were de
creasing, like in mid Sept. 1981 and mid
Aug. 1985, weight loss was aggravated in
the untreated S lambs, while the others were
unaffected. The treated S lambs had better
appetite and were probably more vigorously
competing for the grass.
Weight gain varied from year to year on all
pastures. the H lambs generally had the best
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Iw gain, but even in this group, mean mid.
Sept. Iw varied with 8 kg. Factors affecting
growth and composition of grass may have
contributed to this iUlvund & Pestalozzi in
press). Due to the variations, it is difficult to
select the most effective prevention. Of prac
tical reasons, parallell experiments could
not be performed during the same grazing
season .
Lambs treated fortnightly with BI2 were
12-14 kg heavier than untreated S lambs by
mid Sept., while lambs treated every third
week were 6-10 kg heavier . Hannam et al.
(1980) found that one single injection of Img
hydroxocobalamin was able to prevent
growth retardation due to Co deficiency in
suckling lambs for 14 weeks, but Co pellet
dosed lambs grew better than the BI2 dosed
from 9-14 weeks after dosing. Others have
found three- or four-weekly injections are
necessary to prevent Co deficiency (Hogan
et al. 1973, MacPherson et al. 1976, White
law & Russell 1979, Millar & Albyt 1984).
To prevent OWLD, Mitchell et al. (1982) in
dicated the necessity of treatment every se
cond week, which is more in accordance
with our results. Vitamin B12 injections are
too expensive and laborious for rout ine pre
vention.
To prevent Co deficiency, oral dosing of Co
sulphate is recommended at the rate of I
mg/day, which can be given in accumulated
doses once a week (Lee 1950, Smith 1987).
This dosing was effective to prevent OWLD
under our circumstances. By mid. Sept., the
SCoS04 lambs were II kg heavier than the
untreated ones, the difference in Iw was
significant from Sept. 7. Co sulphate dosing
is too laborious as routine on pasture.
Results from 1984 showed that Co pellet
dosing was effective in preventing OWLD on
our pastures. Mitchell et al. (1982) also
found that pellets prevented OWLD. White
law & Russell (1979) regarded the pellets to
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be more effective than oral Co dosing or BI2

injection to prevent Co deficiency. The
effectiveness of the pellets may, however , be
reduced by their tendency to acquire a coat
ing of Ca phosphate, or to be lost by regur
gitation (Millar & Albyt 1984). Adm inistra 
tion of steel grinders reduce surface coating.
In our case, examination of the pellets re
vealed some coating. Co pellets dosing may
be a good alternative.
Appl ication of Co to pasture is effective in
preventing Co deficiency in sheep, although
the influence of other trace elements, mine
rals and pH results in variation in effect
from one area to another (Whitelaw & Rus
sell 1979, Smith 1987). In our case, the SCo
lambs were on average 10 kg (9-16 kg)
heavier by mid. Sept. than the S lambs (p <
0.001) . To prevent OWLD under our cir
cumstances, 1-2 kg sulphate per ha every 3
to 4 years may be recommendable. This is
largely in accordance with recommendations
given to prevent Co deficiency (Blood et al.
1985).
The effect of the Co enriched salt lick was
convincing. By Sept. I, the SColick lambs
were on average 13 kg heavier than the S
lambs. The difference between these 2
groups was significant from July 28. Accord
ing to Andrews (1971), such licks should
contain not less than 113 g CoS04 per ton .
Our lick contained 100 g to the ton. Some
lambs may fail to lick the block . This was
not the case in our experiment, where the
lambs were uniform in age and Iw at start of
grazing. Mitchell et al. (1982) found that
when Co blocks were available continuous
ly, OWLD recurred 2 years after the initial
outbreak.
The tendency of further weight increase ob
tained in the H lambs having access to extra
Co, is interesting. Held together with annual
variations in Iw, this may indicate a margi
nal Co situation. In slightly deficient or mar-
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ginal areas, Co deficiency can be apparent in

some years and absent in others (Lee 1950).
OWLD is characterized by poor perfor

mance in lambs resulting in heavy economic

loss to the farmer. Under practical circum

stances, the condition may be prevented by

Co fertilization of pastures, dosing with Co

pellets, or use ofCo enriched salt lick.
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Sammendrag
Kvitleversjuke (kobolt /vitamin Bll mangel) hos
lam i Norge. Kliniske symptomer og preventive
tiltak .
Ilepet av en 6-ars periode inngikk 458 Dala- og
Rygjalam med moore i beiteforsek for a belyse
sjukdommen kvitleversjuke (Co/Bp-mangel).
Grupper av lam gikk pa beiter hvor sjukdommen
forekommer arvisst , pa deler av disse som ble

gjedslet med kobolt , eller pa kontrollbeiter. Lam
rna var enten ubehandlet, ble dosert regelmessig
med koboltsulfat eller B12, ble engangsdosert med
koboltpellets, kopperoksydnaler, selenpellets, eller
kobolt/selen/kopper glassboli, eller hadde tilgang
til kobolt saltslikkestein. De kliniske symptomene
omfattet varierende grad av redusert tilvekst og
vekttap som viste seg etter 6-12 veker pa beitet ,
nar lamma var 10-15 veker gamIe. To til fire
veker seinere ble lamma likegyldige og uinteres
serte i graset, og fikk gjeme serest eyeflod og sma
skorper pa erene, 18% av de ubehandla lamma
ble avlivet eller dede pga. sjukdommen, som lot
seg forebygge ved tilfersel av kobolt eller B\2. Slik
tilfersel resulterte i at lamma i gjennomsnitt ble
8-17 kg tyngre i september. Under liknende for
hold anbefales koboltgjedsling av beitene , bruk av
kobolt slikkestein eller dosering med koboltpel
lets. Lamma som gikk pa kontrollbeitene var i
gjennomsnitt 17 kg tyngre i september enn dem
som gikk pa sjukdornsbeitene, men ogsa disse viste
noe tilvekstekning ved ekstra koboltt ilfersel.

(Accepted March 10. 1989).
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