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SUMMARY

1.

In a séries of laboratory experiments involving a total of eighteen
soils, the adsorption and desorption characteristics of Co were
examined.‘ When the adsorption data from eight soils were applied to
various adsorption models,‘both the Freundlich and Tempkin equations
showed good agreement with the observed adsorption pattern. Further,
soil pH was identified as the most important facﬁor governing the

amount of Co adsorbed and desorbed. For one soil,Co adsorption from

‘a 14.73 ne Co ml~! solution was complete at pH >8.0, whereas, only

negligible amounts of this Co was desorbable. For the same soil at
pH <5.0, however, all the adsorbed Co was desorbed within a two-hour
shaking period with a Co free solution. Both soil texture and
organic matter content appeared to have a strong inflﬁence on Co
adsorptioﬁ and desorption, with the role of reducible manganese
becoming more important in determining the amount of Co desorbed
from samples left for periods of between 2 to 4 weeks. However,
while an attempt was made to define an adsdrption/desorption index
for predicting the residual value of Co application to pasture only

preliminary suggestions are presented here.

In both glasshouse and field investigations the role of pH and

grass species‘inAdétErmining herbage Co concentrations was studied.
The glasshoﬁse invéstigation; however, for various reasons failed

to show the recognised effects of both pH and species on Co uptake
but did suggést that.water-lqgging may have an overriding influence.
In additioﬁ, thié ﬁofk demonstrated many problems in using pot trials
for Co uptake'Stﬁdies; In the field, whereas at one site clover
contained‘thé highest Co concentrations of all the species examined
this was not ﬁhe'tase at another site. This highlighted the

problems of using herbage Co values to diagnose Co deficiency with
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factors such as soil Co concentration, soil fertility, soil
variability, plant type, maturity and part of plant sampled all

governing the measured herbage Co content.

From field experiments it was found that both the form of fertiliser
N and application rate uéed governed hefbage Co concentrations. 1In
general, fertiliser N application reduced herbage Co concentratioms,
with the most marked effect when nit;ogen was appiied as nitrochalk
rather than as ammonium nitrate or urea. However, when a yearly

application of 522 kg N ha~! as ammonium nitrate was applied to Co-
treated plots the strong acidifying effect enhanced Co uptake by the

plants. Possible reasons behind these findings are discussed.

Housed cattle maintained on a Co-deficient diet showed no effect on
1iveweight performance until some 40 to 60 weeks on eiperiment
despiﬁe producing Qery low serum vitamin Blé values after 10 weeks.
However, the immune status as measured by the neutrophil function
test; was substantially reduced within 10 weeks of commeﬁcing the
1ow;Co diet. In general; the metabolite methyl malonic acid in
serum {ncreased’_ ;ns‘ - * serum vitamin Blzahcwa%ed but
since thevnumbers involved in these experiments were small further
experimentation is required to determine how useful it is likely to
be in the diagnosis of Co deficiency ahd to define interpretive
criteria. Whereas both assay“prbceduresused to measure serum
vitamin 312 concentrations gave the same trends, the values obtained
were on average greater by the radioassay than the microbiological
techniqﬁe. The consequences of this on.defining diagnostic limits

for serum vitamin Byo are discussed.

On administration of Ogtertagia ostertagi larvae, Co~depleted cattle

showed a greater weight loss than Co-supplemented cattle, but showed
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no difference in the prepatent period, worm egg production or serum
gastrin and pepsinogen concentrations. After anthelmintic treatment

both groups showed a similar response.

The use of trace element supplemented anthelmintics, although of
benefit in supplying Se, proved less effective for Co as the Co

additions were too small to maintain increased serum vitamin Big

concentrations between the monthly treatment intervals. In contrast,

~administration of a slow-release Co bolus, monthly 1000 pg vitamin

B1o injections or monthly 250 mg Co oral drehches, substantially

improved serum vitamin By values above the controls.

L as hydrated

In a field trial, the application of 0.6 kg Co ha~
cobalt sulphate, although failing to enhanée soil available Co as
measured by extraction with 2,57 acetic acid increased herbage Co
concentrations in the first year above untreated pasture. However,
in a second grazing season both Cé—treated and untreated pasture
contained similar Co concentrations. The reasons behind this are
discussed in relation to the Co adsorptioh/desorption findings. vIn
both years, ewes and their twin lambs grazing the Co treated pasture
showed enhanced serum vitamin Bjy values and improved liveweight
gains over those animals grazing untreated pasture. The findings,
aléo, showed that grazing Co treated pasture or the administration

of a slow-release bolus provided the most cost-effective methods of

treating Co deficiency at Upper Auchinlay Farm.



CHAPTER 1 - INTRODUCTION

Although Co deficiency‘has been recognised as a nutritional disorder

in ruminants for around fifty years it still remains a common cause of
poor animal productivity in the U.K. The classic symptoms of clinical
Co deficiency are well characterised and have been well documented. In
the 1950s it was discovered that rather than a direct Co requirement,
ruminants require Co in the form of vitamin Bjy which is synthesised

by rumen micrObés from Co and various organic precursors. Hence, all
the observed symptoms are in fact due to a deficiency of this vitamin.
In sheep,'these include inappetence, anaemia with associated pallor of
the mucous membranes,'severe wasting, skin fragility an& lachrymation
(COSAC/SARI, 1982). In cattle, the symptoms are almost identical but
other features such as a rough coat appearance, increased nervousness
and depraved appetite are often present (COSAC/SARI, 1982). TFor both .
species, sevefe caseé result in a rapid loss of weight followed by. death
(Underwood, 1977) but such extremes are rarely seen nowadays as affected
animals recéive Co treatment at an earlier stage‘in the development of
the malady. However, less obvious symptoms such as reduced immune
response (COSAC/SARI, 1982) increasing the risk of secondary diseases,
such as gastro-intestinal infection, are often not recognised as an

effect of a low Co dietary intake.

Co deficiency is found worldwide with incidences reported in Australia,
(Gardiner, 1977), New Zealand (Andrews, 1970), U.S.A. (Kubota, 1980),
Ireland (Poole et al, 1977) and U.K. (Archer, 1971 COSAC/SARI, 1982).
In Scotland, the disease is particularly associated with soils from 01d
Red Sandstone as found around the Moray and Cromarty Firths and on
granites and sandy parent materials near the Solway Firth, with the

less severe forms of the deficiency widespread on acid igneous and



arenaceous rocks (Thornton and Webb, 1980). However, on an individual
farm basis the incidence of the problem can bé sporadic and has resulted
in the traditional practicé of moving affected énimals to so-called
"healthy" pastures either on the same or neighbouring farms (Fraser,
1947). TFurther, various pasture management schemes such as drainage,
liming, fertiliser N application and reseeding have been implicated in
influencing plant uptake of both nafive and soil applied Co (Voss and

MacPhersoﬁ, 1977).

Whereas clinical Co deficiency is clearly definéd and recognised, the
diagnosis of sub-clinical Co deficiency is difficult since no visual
symptoms are present (Batteur, 1962). According to. COSAC/SARI (l982)
such a condition may be of greater economic importance than the clinical
form affecting a large but as yet unknown number of animals. Often it
goes unnoticed until thé introduction of some form of Co supplementation
results in improved liveweight gains and general cqndition of the

animals (COSAC/SARI, 1982).

As with all trace element deficiencies it is difficult to determine the
number of sheep and cattle affected by either the clinical or sub-
clinical form of Co deficiency. However, Mills (1981) using data from
the "Veterinary Investigational Diagnosis Analysis Service'" (V.I.D.A.S.)
found that it ranked between eighth and twelfth in a list of around 130
categorised diseases. In addition, the incidence of the problem is far
from decreasing with the number of positive diagnoses made by the
V.I.D.A.S. nearly doubling for cattle and increasing by 150% for sheep
between 1976-1979 (Mill, 1981) and Mills (1985) proposed that 15-20% of
all trace element problems in ruminants in the U.K. may be attributed to

a low Co intake.
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While there is little data available to detérmine the extent of the
prbblem in Scotland, COSAC/SARI (1982) suggested that <50% of arable
land contains adeqqate amounts of Cb, with the proportion somewhat less
in mineral soils of upland and hill farming areas. However, this is
likely to change with the increasing use of upland improvement schemes,
involving liming, drainage and the introduction.of mbre nutritive
grasses, which have been recognised as reducing herbage Co concentra-
tions with avconsequent decline in the Co intake of the grazing ruminant
(Voss and MacPherson, 1977). Hence, Co deficiency may arise in areas

which in the past were regarded as containing sufficient Co.

Although Co deficiency is commonly regarded as occurring on its own,
various workers have found enhanced weéight responses following Co and

Se supplementation (Andréws et al, 1964 ; Wise et al; '1968) or Co and

Cu treatment (Voss and MacPherson, 1977) above those obtained.when Co,

Se or Cu were administered on their own. In contrast, Andrews and Isaacs
(1964) failed to find any further improvement in livewéightAPerformance

when Cu was administered to Co dosed lambs.

In terms of its identification, a range of diagnostic measures including
soil and pasture Co analysis, blood and liver vitamin By9 and liver Co
determinations are évailable (Voss and MacPherson, 1977). However, with
the increased importance of sub-clinical deficiency there is a need to
defineknew interpretive criteria and produce new measurements which are
more sensitive and able to predict sub-clinical Co deficiency. Addi-
tionally, although Qarious.agronomic practicés such as liming, drainage,
fertiliser N application and reseeding are known to alter the Co status
of pasture, there is a lack of knowledge quantifying their effect. If
such information ﬁas available it would be possible to determine the
economic value of such measures in relation to their effects on Co

availability to the grazing ruminant.
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While a large number of Co control methods are available, such as
regular vitamin By, injections, administration of a slow-release bolus,
Co treatment of'pasture, little work has been done to compare the merits
of the various treatments ot the applicability of each to different
situations. Further, in-recent years, low résidual values to Co appli-
cation to soils (Evans, 1985; Klessa et al, 1988) have been obtained,
and this has necessitated the definition of those soil properﬁies which

cause this poor response.

In the past, most workers have concentrated on studying eiﬁher soil/.
plant (Mitéhell, 19643 Klessa et al, 1988) or herbage/ruminant (Whitelaw
and Russel, 1979) relationships,‘rather than the movement of Co from the
soil, through the herbage to the grazing ruminaﬁt. Therefore, although
a substantial amount of work has been Carriea out.on Co there are large
gaps in the knowledge aé;“for.eﬁémple; “how.~ animal factors such as
soil ingestion, influenceAthe availability of éoil applied Co to grazing

ruminants.
The aims and objectives of this work are to:

1. Determine the soil properties which have most influence on Co
adsorption and desorption and to propose an adsorption/desorption
index for use in predicting the likely response to soil applied Co

in the field.

2. Quantify the relative effect of soil acidity on the Co concentra-
tions of various grass speéies and determine the critical pH value
above which the Co status of pasture is adversely affected, and to
assess the extent to which commonly used pasture species affect the

Co content of the sward.

3./
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Investigate and quantify the effect of fertiliser N application on
herbage Co concentrations both in relation to the form of fertiliser

N used and the rate of application.

Study the relationship between the Co status of cattle and their
immune response as measured by the ability of isolated neutrophils

to ingest and kill the yeast Candida albicans. Further, to determine

whether there is an increased susceptibility of Co-deficient cattle

to gastro-intestinal infection with Ostertagia ostertagi.

Compare the relative merits of assessing the Co status of cattle by
examining the use of serum vitamin By, concentrations (as measured
by both microbiological and radioassay) with the more novel approach

of measuring serum methyl malonic acid concentrations.

Assess the efficacy of treating sheep with Co via a trace element

supplemented anthelmintic.

Examine, in a field trial, the availability of both native and soil
applied Co to the grazing ruminant, i.e. investigate the movement
of Co from the soil to the ruminant via the herbage. 1In addition,
to compare the relative merits of soil, herbage and blood measure-

ments for diagnosing the Co status of the grazing ruminant.

Compare the cost-effectiveness of different methods of Co supplemen-
tation, namely, monthly vitamin By, injections, administration of a
slow-release bolus at the start of the grazing season and Co appli-

cation to pasture.
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CHAPTER 2 - LITERATURE REVIEW

HISTORICAL BACKGROUND TO COBALT DEFICIENCY IN RUMINANTS

(up to 1951)'

For hundfeds of‘years, farmers across the world have found some
pastures to be unsuitable for grazing sheep and cattle. Even on
apparently rich and abundant pastures, ruminants lost their
appetite, became weak aﬁd emaciated before eyentually dying, but
it was not until 1951 thatvthe cause was attributed to a lack of

vitamin Bjy, the biologically active form of Co.

Early this century pioneering studies into the cause of this ill-
thrift were carried out in New Zealand and Australia and have been

reviewed by Hopkirk and Patterson (1954) and Ffaser (1947).

Since the observed ill-thrift could be cured or prevented by
moving the diseased animals to so—called "healthy pastures' it
was realised that the cause of the disease lay in an undefined

deficiency, rather than in an infection.

As later stages of cobalt deficiency are characterised by severe
anaemia, New Zealand researchers suspected iron (Fe) deficiency as
the cause of the wasting disease "'Bush-sickness'. Various iron
salts were tested and found to be an effective means of treafing
affected animals, with limonite (bog-iron) being a particularly

inexpensive and successful form.

However, workers in Australia found that limonite was not always
effective. TFractionation studies found iron-free limonite cured
"Denmark Diseases" or "Enzootic Marasmus" which had similar

symptoms to "Bush-sickness'". Continued fractionation isolated
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four possible curative elements, namely nickel, cobalt, manganese
and zinc. Further experimentation showed that supplementation

with Co cured "marasmus', and "coast disease".

Once Co deficiency was isolated as the cause of "wasting'" diseases
in Australia, a number of other diseases were soon recognised as
being linked to cobalt deficiency. These diseases were often named

after the district where it occurred or from the symptoms seen

(Table 2.1).

By 1951 the active form of Co in ruminant metabolism was identified.
Two independent groups of workers in England and the United States,

found that anti-pernicious anaemia factor, subsequently named

vitamin B1y and isolated from the liver, contained 4% Co (Smith,

1948; Rickes et al, '1948). Three yéars later Smith et al (1951)
showed conclusively that pine in lambs could be cured by subcufan—
eous vitamin Bjy injections. These findings were confirmed by
qukstra et al (1952) and from further studies it became clear
that Co déficiency in ruminants was actually a vitamin By, defi-

ciency.

ﬁietary Co is utilised by thé rumen microbes in the synthesis of
vitamin 312 which is'thenyabsorbed and used in various metabolic
processes. When Co intake is restricted, microbial vitamin Biz
production declines with a subsequent reduction in vitamin Bio

availability to the animal.

SOIL FACTORS INFLUENCING COBALT'STATUS

The Co contents of soils are expressed either as total or available
concentrations. Total Co 1is defined as the weight of Co per

unit weight or volume of soil obtained after treatment



Table'z.l Local names for "ill-thrift" diseases caused by cobalt
deficiency [based on Fraser (1947)]

Country Local qawe for
Co deficiency
. New Zealand Bush-sickness
"Morton mains disease"
Mairoa dopiness
Australia Coast disease
Wasting disease
Enzootic marasmus
Denmark disease
Kenya Nakuruitis
U.S.A. Salt lick
Grand Transverse
Neck-ail
Ireland Galar Truagha
Scotland Pining
Vinquish
Daising
England Moor sickness
Pining




- 8 ~

with either concentrated acids or fusion with salts (Young, 1979).

Such treatments include aqua-regia, perchloric and nitric acids.

Available Co is defined as the weight of Co per unit weight or volume

of soil available for plant uptake and is estimated by extraction

either with dilute acids or salt solutions. In most soils only around
3-20% of total Co is available for plant uptake (Young, 1979). The

total Co contents of most British soils lie in the range 1-100 mg Co'kgf1,~
with those <10 mg Oakéilikely to produce Co deficient herbage, i.e.
herbage Co concentrations will be insufficient to meet the metabolic

requirements of the grazing ruminant (Thornton and Webb, 1980)

2.2.1 Distribution of Co in the 1ithosphere

Within the soil, Co can exist in non-labile (i.e. unavailable
to plants) or labile (i.e. available to plants) forms. Little
information is available on the amount or forms of Co present
in each of these groups. West (1981) has summarised héw the

different trace element pools interact (Fig. 2.1).

Co "locked" within the primary minerals and many of the
secondary minerals‘will be made available to plants over a long
time-scale by weathering. Co found in association with
sesquioxides, immobilised within complexés, or bound within the
lattices of secondary minerals, is unavailable to plants during
the growing season. Such forms are more labile than Co found
within primary minerals and can release Co to the labile pool

over a period of months.

ExchangeablekCo, held on negatively charged sites of sesquioxides,
clay or organic matter, is readily available to plants. As solu-
tion Co concentrations decline (i.e. the intensity factor falls),

exchangeable Co may be released to replenish the soil solution.



Figure 2.1 The relationship between the different forms of soil Co
[West (1981)]
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According to Figure 2.1, Co forms depicted as 1, 2 and 3 dictate the
potential supply of Co to plants and are termed the quantity factor.
Form 4 represents the immediate source of Co to the plant roots and is
termed the intensity factor. Over a growing season, the quantity
factor will buffer-the soil solution. 1In practice most of this will
be derived from labile exchangeable Co with a small contribution from

-

the weathering of primary and secondary minerals.

Co present in the soil solution is immediately‘available for planﬁ
uptake. The amounts present are very sméll of the order of 4.12 x 1074
- 0.01 mgco]flwith around 257 present as soluble organic complexes
(Jenkins and Jones,i1980). The concentration of Co in‘soil solution

is determined by both the pH and Eh of the soil (see section 2.2.2).

(a) Parent Material (Geological Aspects)

Soil Co originates from parent material and on weathering releases
Co into the soil solution. The concentration of soil Co derived

from different parent materials has been discussed by West (1981).

Igneous rocks make up nearly 95% of the earth's crust (Mitchell,
1964) and form from the solidifiéation»of molten silicate magma
leading to rocks of highly variabie mineralogy. Amongst the forms
-which are recognised are the ferromagnesian-rich uitfa—basic and
basic rocks (e.g. serpentine), intermediate rocks (e.g. éndesite)
and siliéa—fich acidic rocks (e.g. granite). During formation,
various trace elements become incorporated into mineral lattices,
the concentration and elemental form being governed by a range of
factors, one of the most important being the ionic radii of the
elements. The major cationic species present in ferromagnesian
minerals are Mg2+ (ionic radius = 7.8 nm) and Felt (ionic radius

2+

8.3 nm). Ions, such as Co“", with an ionic radius of 8.2 nm can
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2+ 2+

substitute for Mg“" and Fe“" and become incorporated into these
ferromagnesian lattices (Mitchell, 1964). Hence, ultrabasic and
basic rocks, being rich in ferromagnesian minerals, are also
relatively rich sources of Co, whereas acidic rocks, like granite,

which do not contain ferromagnesian minerals, contain little Co.

Sedimentary rocks form by hydrological; glacial, aeoliénammléhemir
cal weathering of previously weathered and unweathered rocks and
their constituent minerals. Of the igneous rocks, the most easily
weathered are the ultrabasic and basic types which on sedimenta-
tion produce Co rich argillaceous rocks, e.g. shales, while the
more resistant acidic rocks form silica rich arenaceous sediments,

e.g. sandstones.

Metamorphic rocks form when extreme pressure or high temperatures
are applied to rocks. The influence of metamorphisﬁ on trace
element contents has received little attention (Jenkins and Jones,
1980). As the pfocess is generally isochemical, total Co concen—
trations will remain unchanged, but such strong physical changes
may increase the resistance of the rock to weathering and so
decrease the supply of Co during soil development. However, when
granitisation occurs, Co depletion has been observed (Jenkins and

Jones, 1980).

The relationship between rock type and its Co-status is summarised
in Figure 2.2, Hence from a knowledge of local geology, it is
possible to explain the distribution of inherently Co deficient
soils in Scotland (Mitchell, 1960° ; Thornton and Webb, 1980;

COSAG/SARI, 1982):

(1)/



Figure 2.2 Generalized diagram illustrating the relationship between
rock type and total Co ,
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(1) Soils formed from arenaceous rock, old red sandstone:

(a) Large areas in North—east (in particular Black Isle
and Caithness areas).

(b) Some inland areas of Central Scotland (particularly
in parts of Stirling, Lanark and Perth).

(c) Arable areas found in the South—-east (particularly

the Tweed Basin).

(ii) Granitic soils:

(2a) Areas around the Solway (Criffel granite).
(b) Certain Aberdeenshire granites.

(c) Granitic areas on Arran.

(iii) various arenaceous deposits:

Large areas across the Southern Uplands.

(iv) Metamorphic granites and arenaceous rocks (quartzite):

Coastal areas of the North-west.

(b) Mineralogy

Primary minerals are defined as unaltered or unweathered minerals
which form by magmétic;_hydrothermal or metamorphic processes.
Two important groups of primary silicate minerals can be recognised
with respect to their Co confents: |

‘(1) ferromagnesian minerals, and

(ii) calcium, potassium and sodium aluminosilicates.

Ferromagnesian minerals contain rich deposits of Co from isomorphous

2+

substitution of Fe“" and Mg2+ within the crystal lattice. 1In the

case of aluminosilicates, i.e. felspar, pyroxenes and amphiboles,

. . . . N . + . .
from simple ionic considerations it can be seen that Co2 (ionic

2

radius = 8.2 nm) cannot replace Ca’’ (ionic radius = 10.6 nm),
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kKt (ionic radius = 13.3 nm), Na* (ionic radius = 9.8 nm) or A13+
(ionic radiﬁs = 5,7 nm) (Mitchéll, 1964), although account must
also be made of charge, bonding energies and arrangements in any
rigorous explanation. It is not surprising to find, therefore,
that aluminosilicates tend to cbntain relatively low Co concen-

trations. (Mitchell, 1964).

From a knowledge of the major constituents of primary minerals it
is possible to predict the likeiy abundance of Co. This is
illustrated in Table 2.2, using data on the major constituents of

common primary minerals found in igneous rocks (Mitchell, 1964).

Secondary minerals of which the clay minerals form an important
group in soils, are defingd as those minerals which form from the
weathering of primary minétals. Littlé infqrmation appears to
have been published on Co concentrations within different clay

minerals.

Clay minerals are composed of sheets of oxygen or hydroxyl ions
sandWiched together to produce a layer-lattice structure. Two
types of oxygen layers have begn recognised which when placed
together produce either tetrahedral of octahedrél holes, which

are occupied By various cations either in 4 or 6 co-ordination
with oxygen, respectively. Only small atoms of radii around 3 nm
can enter the tetrahedral holes and these are restricted to mainly
silicon and some alumihium ions. However, atoms with an ionic
radius of around 6 nm can be found within the octahedral bonding
sites. Theéé are normally occupied by A13* (ionic radius = 5.1 nm),
Fe3* (ionic radius 6.4 nm), Mg2+ (ionic radius = 6.6 nm) (Russell,
1973). 1t is possible that trivalent - Co..: with an ionic radius

of 6.3 nm could replace these ions by isomorphous substitution,



Table 2.2 Elemental composition of primary silicates

Mineral Major catiqnic constituents Presence of Co
Olivine Mg, Fe Present
Horneblende Mg, Fe, Ca, Al Present
Augite Ca, Mg, Al Present
Biotite K, Mg, Fe, Al Present
Apatite Ca, P, F Absent
Anorthite \\\ Ca, Al Absent
Andesine Ca, Na, Al Absent
Oligoclase Na, Ca, Al Absent
Orthoclase K, Al Absent
Muscovite K, Al Absent
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but this form in solution is unstable being veduced to co2t

(Cotton and Wilkinson, 1976) and will not occur in the conditions
found during clay synthesis. C02+,von the ;ther hand, with an
ionic radius of 7.3 nm may be involved in some substitution reac-
tions (Russell, 1973). Co incorporation into clay minerals is
likely to be restricted to Fe and'Mg—rich clay minerals such as
the 2:1 clay minerals, i.e. hydrous micas (e.g. -vermiculite,
illite) and smectites (e.g. montmorillonite), but not the 1:1 clay
minerals, 'i.e. kaolinite. West (1981) suggested that rather than
incorporation into the clay mineral lattice, Co is held by the
cation exchange surfaces of the clay minerals. Although such
forms are strongly held they are more available than occiuded
forms.

(c)  Soil
vérious attempts have been made to determine the affinity of Co
for the different adsorption sites present in the soil by various
adsorption/desorption studies in which known amounts of solution
Co are incubated with either the whole soil (Borggard, 1987) or
soil components (McLaren, 1986). From soil studies, the clay
fraction and iron oxides appear to be the most important adsorp-
tion sites (Borggaard, 1987), but McLaren (1986) found clay
minerals adsorbed only small amounts compared with hydrous oxides
and organic matter. Since Co held by organic matter is readily
desorbed (McLaren, 1986) as solution Co concentration declines,
Co will be released and some Co will become re-adsorbed by the

hydrous oxides, where it is more strongly bound (McLaren, 1986).

A./
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Mineral Fraction

(1)

Soil texture

Many workers havé sﬁoﬁn a strong association between total
soil Co and the silt and clay sized fractibns (Nahhab and
Bhatti, 1958; Reddy and Mehta, 1962; Randawa et al, 1964;
Singh and Singh, 1966; Mistra and Kishore, 1967; Rana and
Quellette, 1967; Yadav et al, 1975, 1978). This ties in with
the fact that in sandy soils there is‘a higher incidence of

Go - deficiency (Kubota, 1968). Berrow aﬁd Ure (1985) found
that although 10-55% of the total Co present in a soil was
associated with clays, a subsﬁantial amdunt remained within

the primary minerals of the sand fraction.

As well as direct ihcorporation of Co into clay minerals
during synfhesié, clay particles>p1ay an important role in
cation exéhange reactions. Varidus investigations have been
made to determine cation.adsorption/exéhange mechanisms.

Hodgson (1960) proposed three types of exchange sites:

1) Exchange sites where most cations are readily adsorbed/
desorbed.

2) Specific exchange sites where only certain cations such

2+

as Cu?t and Zn“t are adsorbed, but which can exchange with

CoZ*t,

3) Specific sites on which only Co becomes adsorbed to become

unavailable.

Early work suggested Co was adsorbed as the mono-valent hydroxyl-
cobaltous ion (CoOH') (Spencers and Greseking, 1954) and the

following reaction was proposed:
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2+

Exchanger - Ca2+ + 2 Co + 2 H)0 — Exchangef - (COOH+)2

+ CaZt + 2 mt.

However, Hodgson et al (1964) doubted such a mechanism.
Their studies showed that no charge was present at the Co
bonding sites and hydrolyéis did not occur during the exchange

process.

Various workers have established Co reactivity tables for
different - minerals in the pure form (Kubota and Beeson,
1961; Tiller et al, '1963; Kubota and Pendias, 1973) and
proposed the following order for ease of exchangeability of

adsorbed Co.
muscovite > haematite > bentonite or kaolinite

In addition, McLaren et al (1986) found that montmorillonite
could adsorb almost a hundred times mére Co than kaolinite

or illite. However, little difference has been shown'by other
workers in the Co exchange capacity of soils containing dif—
ferent cléy minerals (Tiller eﬁ ai, 1963). This has been
partiy explained in terms of the iron coatings present on the
mineral surfaces masking the exchange sites present on the
clay mineral surface (Hodgson et al, 1969). When such coat-
ings are removed exchange/adsorption reactivity for Co
increasesd (Hodgson et al, 1969), suggesting that although
clays can hold Co, most of the Co is associated with the

oxide precipitates on the clay surface.

Hydrous oxides

Over the last twenty years, the role of manganese oxides on
the Co content of soils has received much interest.

Australian workers studying intensely weathered soils were
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amongst the first to note the strong relationship between Co and
manganese oxides (Taylor and McKenzie, 1966). Taylor (1968), using
soils from around the World further demonstrated that Co was found
in association with the manganese minerals, birnessite and uthio-
phorite. This stimulated various studies into the mechanism and
stréngfh by which Co was held and McKenzié (1970) proposed a
reaction mechanism based on crystal.field theory. Although this
was originally formulated as the mechanism by which Co added in
salt solutions was fixed by manganese minerals, a similar mechanism
could occur during manganese oxide synthesis. This process appears
to have tﬁo stages viz:

1) Cot isg rapidly adsorbed onto the surface of oxides by simple

2+

. . . . + .
cation exchange reactions, displacing Mn“ ', K" and H' ionms.

2) Co2+ migrates into the mineral lattice where a redox reaction
takes place:
_Co2+ —s Co3t 4 e
Mn3* + e~ —> Mnl*t

in which Co enters the mineralrstructurg displacing Mn. The M2t
ion produced moves to the surface and can take part in further
exchanée,reactions. However, such a mechanism’has been criticised
as being over-simplified, in that the reaction is considered as a
simple substitution of two similarly charged species (Burns, 1976).
In addition, no account is made of the relative abundancé of Mn3t
and although the trivalent form will exist within the iattice, Mt
will be present in much greater concentrations. Burms (1976) also
pointed out the need to consider the size of the substituting ions.
He proposed that fhe lérge discrepancy in ionic radii between low-
spin Co3% and high-spin Mn3* would make displacement difficult and

he suggested that substitution occurred between the similarly sized
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Co3* and mn%*. Irrespective of the exact mechanism, manganese
oxides appear to have a strong affinity for Co (Murray et al,
1968; Loganathan and Burau, 1973; Murray, 1975; Murray and

Dillard, 1979; Traina and Doner, 1985).

In the U.K., where soils are at a much earlier stage of
development, the types of manganese mingrals present differ
markedly from those found in Australia. Nevertheless, Jarvis
(1984) concluded that significant proportions of soil Co in
England were associated with manganese oxide minerals and he
further sﬁggested that such a relétionship may explain the
sensitivity of_Co.to changes in acidity and redox potential.
This was verified by McLaren et al (1986), from fractionation
studies, who showéd that soil Co is associated mainly with

the soil oxide fractions and in particular manganese oxides.

Early workers concentrated on the relationships between Co
and iron oxides rather than manganese oxides. TFujimota and
Sherman (1950) observed the highest Co concentrations in the

A horizons of soil profiles which were positively correlated

with the amounts of iron oxides present. Others have observed

an association between total Co and total Fe concentrations in

Indian soils (Reddy and Mehta, 1961, 1962; Singh and Singh,,;ki/\

1966; Mistra et al, 1967). In a recent study, Borggaard (1987)
féund that, although clay presents the most important site

for Co adsorption, the remainder of adsorbed Co:can be:attributed
to iron oxides. The iron oxide component can be consideréd

to be composed of two fractions ; an EDTA-extractable fraction
showing high reactivity to Co énd a residual less-reactive

fraction extracted by dithionite (Borggaard, 1987).

NS
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Organic Matter

The relationship between Co and organic matter has beén investigated
by different workers. Soil - Co™: conﬁents, either meésured as
total or available Co, have been found to be correlated with soil
organic matter or organic carbon (Bahhe and Zonde, 1962; Rana and
Quellette, 1967; Singh and Singh, 1973; Yadav et al,_1975;
Elarashidi et al, 1979). Hoﬁever, others (Wright and Lawton, 1954;
Reddy et al,‘1962; Yadav et él, 1978) have found no relationship

between soil Co and organic matter contents.

In general, peét‘sbils are low in Co and deficiency diseases of
livestock are common on such soils (Young, 1979). Finch (1978),
however, when studying the Co content of peat bogs found that out

of a total of ten sampled, only half were aeficient in Co, with the
rest regarded és contéining adequate Co. Thus, broad geheralisations
cannot be made and consideration must be given to pedogenesis. For
example, basin peats are soligenous and if the surrounding area is
formed from base rich material, are likely to contain relatively
high concentrations of Co. On the'other hand, raised bogs and hill

peats receiving water solely from rain will be low in Co.

The.total Co content of soil organic matter will be influenced by
the type of veéetation from which it originates. According to

Young (1979) humic material of woody origin contains inherently
higher Co contents than that f&rmed from decomposed grass. As

humic material is of abhighly complex and Variable nature, signifi-
cant quantitieé of Co may be immobilised in organic structures which
are resistant to both biological and chemical breakdown. Such
materials have received little, if any, attention in relation to

Co availability.
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Organic matter can influence Co availability in two ways:

1) Chemisorption of exchangeable Co to negatively charged sites

of humic material.

' 2) Formation of soluble organdé-metal complexes.

Humic and fulvic acids appear to contribute most to the ability of
the organic fraction to bind metallic ions (Mitchell, 1964). VHumic
acid forms insoluble complexes; while fulvic acid, which iS’found
in greater proportions down the profile, has a higher complexing
capacity than humic acid and the compounds which form are normally

water~soluble (Wild, 1988).

Various workers have investigated the role of Co organo—complexing
in influencing plant availability when soils are of differing
drainage status (Mitchell and Burridge, 1979; Berrow and Mitchell,
1980; West, 1981). This has Been carried out by comparing the
amounts of Co which are extracted by acetic acid or ethylehe diamine
tetra acetic acid (EDTA) in freely—drained‘and gleyed soilé (Berrow
and Mitchell, 1980). Acetic acid extractable Co will give an indi-
cation of inorganically-bound Co, while EDTA, a powerful chelating
agent, the amount of organically—bouﬁd Co. 1In a freely drained
soil, most of the extractable Co is found in the A horizons, with
acetic acid being the most éffective extractant, suggesting a con-
siderable proportion of the Co is associated with the inorganic
rather than organic component (West, 1981). Wesf (1981) further
showed that, although the organic rich surface horizons of a gley
soil contained more chelated or complexed Co than the freely—drained
soil, substantial amoﬁnts were still ihorganically bound. Hence
even although soil organic matter does contain potential Co exchange
sites, Co appears to have a greater affinity for inorganic binding

sites.
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Little published data is available on the forms or relative
importance of soluble organo-Co complexes. Using pure Co salt
solutions,‘HOdgson et al (1965) féund little complexation
occurred when chelating agents such as EDTA were added. How-
ever, Mitchell (1964) identified some Co-fulvic acid chelates
from peats and the formation of inert complexes between Co and
the fulvic material was demonstrated b? MacCarthy and
O'Cinneide (1974). They suggested the possible formation of
highly stable cobaltic (C03+) organickchelates, under anaerobic
conditions. Schnitzer and Hansen (1970) determined the
stability constant (K) of Co-fulvic acid complexes at different
pH levels and at different ionic strengths. From their work
they produced an order of stabilities af low pH of:

Fe3+ > a13* > cu2* > Ni%* > co2* > pp2*

= ca2* > 7n2* > Mnl2* > M2+

which suggested Co could form fairly stable fulvic compiexes,
with stability increasing with a rise in pH and low ionic

 strength.

‘Co contents found in different 'soil types

During soil development various changes take place which alter the
distribution of Co within the soil profile. Various workers
(Reddy and Mehta, 1962; Badhe and Zende, 1962) noted the accumula-
tion of Co in the lower horizons ofvpodzols. ‘Walsh et al (1956)
explained sﬁch observations as leaching of Co from upper horizons,
translocation down thé profile in association with iron or
aluminium of as an organic complex. Berrbw and Ure (1985) did not
find an enrichment of Co in the tﬁin iron pan of a peaty podzol,
but did find an aécﬁmulation of Co in the lower horizons. This

suggested a greater mobility of Co within the profile than iron.
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The combination of podzol development on coarsely textured

soils (which arevinherently low in Co) and the leaching of
substantial amounts of Co beyond the footing depth,
increases the incidence of Co deficiency in podzolic areas
(Walsh et al, 1956; Nicolls and Hoﬁeysétt, 1964; Kubota,
1965). Brown carths forming on clay-rich soil, of naturally
higher Co contents, and reduced ieaching, contain higher Co

concentrations in the upper horizons ~(Fujimoto, 1950).

2.2.2 Factors influencing soil Co avéilability

(a)

Soil pH

It has been known for some time that soil acidity is of
major importance in determining soil Co'availability.
According to West (1981) soil pH is regérded after draihage
as fhe most important soil factor determining the availa-
bility of Co. Many workers have obtained decreased herbage
Co cbncentrationskafter liming (Ekman, 1952; Hill et al,
1953; Wright and Lawton, 1954; Percival et al, 1955; Archer,
1955). An increase of one pH unit (from pH 5.4 to 6.4)
almost halves the herbage Co concentration of a mixed
pasture (Mitchell, 1972), but increasing the pH above pH
6.0 has been found to have little further effect (Wright
and Lawton, 19543 McLaren et al, 1987; Klessa et al,
1988). This ties in with the early recOmmendatiop of
Mitchell (1954), who suggested that as long as liming did
not increase soil pH above 6.0, most Scottish soils should
produce herbage of adequate Co content for the grazing

ruminant.

A greater incidence of . Co ~ deficiency in grazing animals

has been found in naturally occurring high pH soils. For
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example, Finch and Rogers (1978) found Co deficiency to be more
likely to occur in soils formed on limestone, while Mitchell (1954)
explained the prevalence of Co deficiency in the Western Isles by

the abundant supply of free CaCO3 released from sea shells.

Recent workers have attempted to define the relationship between
soil pH and herbage Co concentrations by various relatioﬁships.
Klessa et al (1988) found an inverse logarithmic reiationship with
the gradient depeﬁdent on both season and fertilisér N rate. Such
a relationship was also obtained by McLaren et alv(1987) but was
improved further when a curvilinear model was used to take account

of the reduced Co herbage concentrations of pH values above 6.0.

The influence of pH on herbage Co concentrations is due to a com-
bination of factors. Liming will not only reduce Co availability
by causing greater adsorption onto the various exchange sites and
resulting in the precipitationvof various Covsalts, but increased
pH will encourage the establishment of better quality grasses

having a lower Co content (Mitchell, 1954).

Soil pH influences the soiubility of various Co salts. Young
(1949) using pure salt solutions, found all Co salts were very

“ soluble under acidic conditions, wi£h precipitation as hydrated
cobaltous salts occurring in the presence of most common anions
(e.g; Ccl™, NO3~, P042') in salt solution in the pH range 6.5 to
7.5, with complete precipitation at pH 28.5. Presumably, since
all nitrate salts are soluble, the precipitate which forms in the

presence of nitrate is cobalt hydroxide.

The availability of soil Co declines as pH increases. Sanders
(1983) investigated both the concentration and forms of Co present

in soil solution as pH was adjusted between 5.0 and 7.5. His
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results indicated that as pH increased, the concentration of Co in
the soil solution declined, with the proportion present as the free
divalent ion'falliﬁg disproportionatelyf Whereas, divalent co?* is
the majbr form present ét pH 5.0, at higher pH levels: there is>
increasingly more Co present as éoluble-organo complexes (Sanders,
1983). 1In adaition, the concentration of isotopically exchangeable
Co remainéd unchaﬁged regardless of soil pH, but Co uptake by
Sudan . grass declined as.pH increased (Gillo and Graham, 1971),'

suggesting that the Co form at higher pH is less readily taken up

by plant roots.

With a rise in pH, thére is an increase in the cation exchange
capacity of‘clay,vsesquiOXide'and organic matter. Co adsorption
occurs on negatively charged hydroxyl groups found in clays and
hydrous oxides and the dissociation comnstant (pK) fdr such hydroxyl
groups is arqund 6.0 (Wild, 1988). Hence, for soils of pH >6.0 the
negative charge willvincreaseAleading to an increase in cation
exchange capacity. Maes and Cremers (1975) illﬁstrated this concept
by studying the éation exchange capacity of montmorillonite in rela-
tion to Co adsorption at different pH levels. They found a 1ow and
reversible exchange of Co ub to pH 6. By adding the same quantity
of Co further increases in pH resulted in 1007 adsorption with a
significantbproportion of the Co heldkirreversibly. However, when
pH was reduced; desorption was rapid even for the Co which had been

held irreversibly.

As reviewed earlier (see section 2.1.3 (a) (i)), the Strqng
association of Co with manganese oxide will have a major effect on
Co availébility: This was investigated by Loganathan et al (1977)
using a synthetic hydrous-manganese oxide. At pH <5, structural

manganese was released into solution and Co adsorption occurred
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specifically at the surface by exchange with bound hydrogen.
At pH >6 adsorption increased dramatically. Two possible

reasons have been suggested (Loganathan et al, 1977):

(i) The hydroxylate cation (Co(HzO)s.(OH)+) found in greater
amounts at high pH may show more affinity for the

ménganese surface than the hydrated species (Co(H20)62+).
(ii) Precipitation of Co hydroxides may occur at the surface
at high pH.

Irrespective of the exact mechanism, Loghanathan's work
illustrates how the amount of Co adsorption on to manganese

oxides is pH dependent. In soil, the situation is more complex,

involving a combination of adsorption sites, including clay,

sesquioxides and organic matter and different aqueous forms of

Co (including soluble organo-metal complexes).

Pedological drainage status

Soil drainage status has a major influence on the amount of Co
which is plant available. Early workers werekquick to note

the higher herbage Co concentrations of poorly-drained as
opposed to well—drained soils (Hill et al, 1953). Detailed
studies by Mitchell et al (1957) iilustréte the strong influence
Qf drainage class on Co availability. Over a two-year study,
soil and herbage were taken from both a freely and poorly-
drained soil developed on argillaceous schist (Table 2.3).
Mitchell et al (1957) proposed that the results in Table 2.3
could be explained by the increased rate of mineral weathering
in poorly-drained soils'(particularly of ferromagnesian minerals)
and the increased presence of soluble organo complexes when
soils are waterlogged. Similar increases in herbage Co concen-

trations under poor drainage conditions were seen by Walsh



Table 2.3 Relationship between drainage status and soil Co
availability and plant uptake [extracted from Mitchell et

al (1957)]
Available Co (measured by Co content of mixed
Drainage class acetic acid) herbage
mg kg™t mg kg !
Freely-drained 1.0 0.12
Poorly drained 2.7 0.86
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et al (1956), and Berrow et al (1982). This was further
demonstrated by the fact that when herbage was grown in
water-logged pots very high herbage Co concentrations were
obtained (Adams and Honeysett, 1964), with plant availability
as measured by soil extractants, remaining elevated even

after air-drying.

Different extractants have been used to determine the Co
forms found in the horizons of both freely and poorly-
drained soils. Work by Berrow & Mitchell (1980) indicated
that in freely-drained soils, the highest concentrations of
available Co are found in the surface horizons, associated
with decomposing secondary minerals, sesquioxide or manganese
oxides. In poorly-drained soils, surface horizons contained
some chelated Co but the highest Co concentration was found
in gleyed horizoné, firmly bound by "mineral exchange-active
material'. TFor all the horizons examined, poorly-drained

as opposed to freely-drained soils contained Significantly

more acetic acid, ammonium acetate and EDTA-extractable Co.

Various suggestions can be made as to how impeded drainage

increaSes'Co availability (Mitchell et al, '1957):

(i) ©Under anaerobic conditions, decomposition of ferro-
magnesian minerals and sesquioxides is faster, leading

to a greater release of Co into the labile pool.

(ii) Organic matter breakdown is slowed down producing
different degradation products which may complex Co

in plant available forms.
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Assessment of Co availability

The uptake of Co by plants providés the definitive measure of
plant availability. However, plant species differ in their rate
of Co uptake (see section 2.3.1) and the same single species
growing under varyihg soil conditions (e.g. pH, drainage status,
fertility) will differ in its Co uptake. 1In addition, seasonal
changes aﬁd variations in Co distribution within the plant, make
an assessment of Co availability in terms of plant composition
difficult. Whereas, soil sampling:can be dode at any time during
the’yéar, herbage samples can only be obtained during the gfowing
season. Thus, soil Co availability is measured by the use of
chemical extractants, which remove the Co forms which can be

taken up by plants (Mitchell, 1964).

(a) Soil extraction

Any soil extractant must remove the forms of a nutrient
which are potentially plant available.- From Fig. 2.1, it

can be seen that for Co these include:
(i) Co in soil solution;

(ii) exchangeable Co present on clay minerals, sesquioxides

and organic matter;

(iii) the proportion of adsorbed and occluded Co present
on secondary minerals and sesquioxides which is -

availlable.

According to Young (1979) varioﬁs extfactants have been used
fo remove plant available Co and include: |

1) 0;01—1.0 M hydrochloric ééid.

2) 1 M potassium nitrate at pH 3.

3) 0.1 M calcium chloride.
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4) 27 citric acid.

5) 0.2 M oxalic acia.

6) ‘0.01-0.02 M EDTA.

7) 0.1-1 M nitric acid.
8) ammpnium nitrate.‘

9) 2.5% acetic acid.

Mitchell (1957) found highly significant (PF<O.001) correlatiéns
between the quantity of avéilable Co removed by either 0.05 M EDTA
or 2.5% acetic acid and the herbage Co content of mixed herbage.
For historical reasons, Mitchell "(1957) suggested acetié acid as
the most suitable extraétant, with a value of 0.3 mg Co kg"1 for

a mineral soil at pH 5.5 taken as the borderline value.

Most workers found less Co was extracted by EDTA than acetic acid
(Mitchell, 1957; Berrow and Mitchell, 1980; Berrow and Ure, 1985).
Howéver, when McLaren et al (1986) used identical extraction time

intervals, EDTA removed more Co from soils than acetic acid.

Little information is available on the formé of Co extracted by
either EDTA or acetic acid. When Co is extracted with calcium
‘chloride, which extracts éoil solution and exchangeable Co, the
amounts extracted are very much iess than those removed by EDTA
and acetic acid (MbLareﬁ'et'él, 1986). It Was concluded by
McLaren et al (1986)v£hat EDTA and acetic acid extract mainly
non—exchangeable forms of Co. 'From McLaren's work the amount of
Co which was plant available was over-estimated by EDTA (as
measured after a 16-hour extraction period) and under-estimated

by acetic acid for soils with pH <6.0.

> Despite these problems, available Co has been traditionally

measured by acetic acid in Scotland (MISR/SAC, 1985) and England
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and Wales (ADAS/MAFF, 1986). As drainage status has a large
influence on Co availability, the data obtained must be interpreted
using the drainage class of the soil being examined (Table 2.4).

As both ﬁH and‘orgahic matter :content have major influences on

soil Co avaiiability, the dataygiven in Table 2.4 must be adjusted
to take account of soil pH and this has been summarised by MISR/SAC

(1985).

In some situations, however, acetic acid cannot be used as an

indicator of soil Co availability. For instance, when soils are

treated with a small amount of water—soluble Co, no detected .

‘change has been seen in the amount of Co extracted by acetic acid

despite markedly increasing herbage Co contents (Mitchell, 1964).
Hence, acetic acid cannot be used as é means of assessing the
efficacy of Co pasture treatment as a method ofvpreventing Co
deficiency in the grazing ruminant. In addition, acetic acid as

a soil extractant, fails to shOW~£he sensitivity of Co availability
to soil pH (McLaren eﬁ al, 1986). TFor example, a soil adjusted to
different pH levels will show identical acetic acid extractable Co
concentrations for éll pH values, despite herbage Co concentrations
decreasing with increased pH. However, when EDTA, a weaker buffered
reagent,‘is used soil pH will influence thé‘amount of Co extracted

(Mitchell, 1957).

Prediction of soil 'Co status using soil series

In recent years, the use of soil trace element maps, as a method
of predicting Co status, has attracted some attention. Such maps
are based on the trace element analysis of representative profiles
within each Soil Survey afea mapped by the Soil Survey of Scotland
(Berrow;'1986). The primary ﬁapping ~unit for such maps is the

soil series which describes soil type in terms of soil drainage



Table 2.4 Classification and interpretation of extractable soil Co
concentrations in relation to animal nutrition [MISR/SAC

(1985)1].

Extractable Co (mg kg_l) at pH6 Probable herbage
Sglt Co Soil drainage class Co concentfation
status - (mg kg™ 1)
Free Imperfect Poor
Very low <0.30 <0.20 <0.20 <0,045
- Low 0.30-0.74 0.20-0.65 0.20-0.45 0.045-0.065
Moderate 0.75-1.0 0.66-0.94 0.46-0.85 0.066-0.094
High >1.0 >0.94 >0.85 >0.094

N.B. For soils containing 12-30% organic matter, the poorly-drained
soil data should be used, and for soils of >30% organic matter,
herbage Co should be measured.
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status and parent material. Berrow (1986) provides the following
definitions:
(i) SOIL ASSOCIATION - grbups together soils which have deveioped

on the same parent material.

(ii) SOIL SERIES - groups together, within an association, soils
of each major soil group (e.g. podzols, gleys, brown forest

soils).

As the total trace element content of a soil is determined by the
geology of the parent material Co distribution can Be related to
soil association. However, since the content of the A horizon can
be altered by additions from fertilisers, sewage sludges and other
waste products, the total Co concentration present in the B horizon
may provide a better measure of the inherent Co status of a‘soil
(Berrow, 1986). When the total Co céntent was analysed for the

B horizons of representative samples taken from within a soil
association each contained very similar Co concentrations (Berrow, .
- 1987). From such work, it has been possible to classify the total
Co content in B horizons as follows (Berrow, 1986):

Low <5 mg Co kg_l

Medium 5-15 mg Co kgfl

High >15 mg Co kg_l

Thus, from the knowledge of which soil association a soil belongs
to, it is possible to predict the inherent Co status, but the

availability of this Co will be unknown.

In practice, the likelihood of Co deficiency occurring in the
grazing ruminant is related to availability of Co in the A horizon,
i.e. the main rooting zone. When available Co concentrations in

the A horizons of a number of soils within the same association
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were sub—divided into their respective soil series, the available
Co concentrations found within each series were very similar
(Bérrow, 1987). As soil series primarily divides soils derived
from the same parent material, into groups of differing drainage
conditions, such findings would be expected. At the.Macaulay
Institute, a soil map on the scale 1:50,000 has been produced for
the Aberdeen area, deliﬁeating the likely occurrence of Co defi-
ciency in terms of soil series. This has agreed with the known
distribﬁtion of the deficiency in the areé (Berrow, 1987). As more
details become availéble it may be possible to produce a number of
large-scale maps which can be used. to predict .the likelihood of Co
deficiency in certain areas. However, it must'be remembered that
such maps take no account of soil pH, which will modify the predic-
ted Co availability in an area. Despite this problem soil trace

element maps help to highlight areas of potential Co deficiency.

In a similar manner,_COSAC/SARIA(1982) have produced tables indi—
cating the likely risk of Co deficiency for soils found in a
particular soil series.. Using the total Co content of the B horizon
of soils, the soil series is classified according to the following

groups:

Low risk - over 907 of the fields produce herbage containing

adequate Co.

Moderate risk - 50 to 907 of the fields produce herbage contain-

ing adequate Co.

High risk - most fields contain herbage containing inadequate Co

concentrations.

As with soil mapping, such an approach is only useful as an initial
guide to the Co status of an area, and soil and/or herbage analysis

should be used to confirm whether there is a risk of Co deficiency.
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2.3 HERBAGE FACTORS INFLUENCING COBALT STATUS

’2.3.1 "The role of Co in the plant

(a)

(1)

(ii)

(iii)

(iv)

)

The plant's requirement for Co

To date, it has not been demonstrated conclusively that
Co is an essential plaﬁt nutrient, although various
studies have shown that small additions of Co to .the
growth medium enhance plant yields. Young'(l979)vgives
a detailed review of the benefits of Co in plant nutri-

tion. To summarise, various workers have found:

Co increases chlorophyll levels and hence improves

photosynthesis.

Addition of-Co leads to increased nitrogen and protein

levels.

Levels of various sugars, and starch increase when Co

is added.

Enzyme activity can be altered by adding Co, e.g.
additional Co increases catalase and dehydrogenase
activity in potatoes, and increases enzyme activity

Withinylegume nodules.

Co may lead to increased drought resistance.

Thus, although Co may not be an essential element for most

plants, additional Co may be beneficial.

Cobalt is thought to be essential for blue-green algae and

many bacteria but not for other algae or higher plants

(Salisbury and Ross, 1978). Various workers have demonstra-

ted the Co requirement of different nitrogen—fixing organisms

both for growth and the synthesis of vitamin Bjo like
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compounds (Young, 1979). It is required for nitrogen fixation by
micro-organisms such as Rhizobium bacteria found in root‘nodules
of legumes and many nonlegumes, but not for normal function of the
plant. Delwiche et al (1961) demonstrated conclusively the role

of Co in effective Rhizobium symbiosis in Medicago sativa and

increasing the Co supply increased dry matter yield by 40% and
protein content of 1egumes,‘receiving no NO3-N (Hallsworfh and
Wilson, 1962). In field experimenfs, Ozanne et al (1963) found
that subterranean clover plots receiving no Co and low fertiliser
nitrogen rates remained yellow thrdughout the growing season. At
low nitrogen application ratés; Co addition increased yield bﬁt at
high N-application, Co appeared to be slightly toxic. Their work
indicated that, when Co levels in leaves and petioles fell below

0.04 mg Co kg—l, clover yields were reduced..

Uptake of Co by plants
Little information is available on either the forms of Co taken

up by plant roots or the mechanisms involved.

In general, workers have concentrated on the role of chelation in
plant Co—uptake. Fbr example, DeKock andrMitchell (1957) found
the relative amounts of Co in leaves of tomato or mustard plants
declinedehen‘Co was sﬁpplied in a chelated form. They concluded
that Co éppeared to be more readily absérbed by roots as the simple
divalent ions, rather than as‘an organic complex. From studies
using different complexing agents it was suggested that as the
residual charge on the chelate increased, uptake was reduced, and
since chargé appeared to be the one critical factor determining
uptake, the enfire metallic complex must be ébsorbed, rather than
free Co produced after the complex was brbken down (DeKock and

Mitchell, 1957). However, the opposite results were obtained for
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1egumes (Wallace and Mueller, 1983). Chelated Co enhanced
Co levels in'ﬁoth stems and leaves, as well as being around
twenty>ﬁimes more effective in overcoming Co deficiency in
the rootnodhlesthan unchelated Co. Hence,»legume nodules
appear either to have a greater absorﬁiﬁg capécity for
chelated Co or the more acidic conditions of the rhizosphere

result in organic-complex breakdown releasing Co for uptake.

In addition it has been shown that apﬁlication of chelated
Co to paéture is less effective than cobalt sulphate in
increasing herbage Co concentrations (Mitchell and Burridge,
1979; McLaren and Williaﬁs, 1981). This must, at least in
parf, be due to the decreased plant uptake of cqmplexed Co.
However, it remains unclear how naturally éccurring‘chelates

affect Co uptake.

Little work has been published on the mechanism of Co uptake
by plants. Macklon (1986) suggests Co uptake is passive

into the root cell cytoplasm, where its concentration is

‘limited by an active movement of Co back into the medium

around the roots. Most of the absorbed Co is stored by
accumulation in the cell vacuoleé within thgﬂrpot, before
transport through the shoot. The form in which Co is trans-
ported within the plant in unknown. However, a linear rela-
tionship has been observed between Covin solution, Co uptake
and transport.withiﬁ'the piant, irrespective of transpira-
tion rate. Macklon concluded that Co tfansport would appear

to be rigidly controlled.
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2.3.2 Plant factors influencing herbage Co concentrations

Most investigations of herbage Co content have concentrated on
the influence of sward composition, sward maturity and Co distri-

bution within the plant as determined by sampling strategy.

Various studies have been carried out to establish the relative
amount of Co in different grass species. The results obtained
are inconsistent but most follow the order quoted by Voss and

MacPherson (1977):

Red clover > white clover > Perennial ryegrass > Italian ryegrass

> cocksfoot > meadow fescues > timothy.

Different authors heve obser&ed that clovers coneaih higher con-
centrations than most grasses, with timothyvcontaining the lowest
(Hill etal,'l953;~Mitcheli, 19543 Klessa et al, 1988). In some
experimeﬁts, clovers have been showﬁ to contain some 100-2007%
more Co than timothy (Mitchell et al, 1957), while in an area of
low soil Co, clover and grass species contained similar amounts
(Andrews, 1966). Hill species such as heather and white bent
contain relatively high Co contents (Voss end MacPherson, 1977).‘
After reseeding upland pasture, the risk of Co deficiency
increases as relatively low Co econtaining grasses such as timothy
and ryegrass replace the natural sward (Voss and MacPhersonm,

1977).

Although generalised tables giving an ordered list of the felative
Co contents of different grass species can be produced, this order
will not hold in all cases. Mitchell (1972) in a study to inves-
tigate the Co concentrations ef ryegrass, cocksfoot and clover at
four different sites, found the expected trends at only three of

the sites. On the fourth site, cocksfoot contained almost double
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the Co content of clover. Mitchell did not give an explanation
for this apparent anomaly, but the most‘likely cause probably
lies in the -maturity of the plants being different between sites.
Thus, to obtain a true comparison of different grass species,
care must be taken to ensure all are at identical stages of

growth and the same part of the plant is sampled.

As a plant matures the Co concentration.changes. For example,
Fleming (1970>'reported that Co concentration of perennial rye-
grass declinéd with advanciﬁg maturity. Similar results were
given by Fleming and Murphy (1968) who explained their results
in terms of different Co contents of heads, leaves and stems.

For grasses Co levels declined in the order:

leaves > flowering heads > stems

In the early stages of groﬁth, the predominance of leafy material
will givé highér Co contents than later in the season when the
proportion of stem material increases. Handreck and Riceman
(1969) looked more closely at Co distribution within leaves using
radio—active techniqueé. Their findings showed that Co concen—
trations were greatest in the margins, base and extreme tips of
leaves with Co concentrations in 1ucérne,reaching a maximum soon

after emergence and rapidlyvdeclining as the leaf expanded.

‘Many workers have noted seasonal variations in herbage Co, with
the highest levels found in late spring and early autumn (Voss
and- MacPherson, 1977), although such trends are not seen every
year. Thus, silage cut in late spring will contain higher Co
contents than hay cut in mid-summer (Reith et al, 1983). Such
trends can be partly explained by the falling 1eaf—s£em ratio
during the growing season, but 6ther factors such as water stress

in the summer must contribute to the overall seasonal variation.
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In a grazing situation, seasonal variations in Co concentrations
are observed in éome years but not in others (Barry, 1984). 1In
some cases seasonal variation follows the same pattern as changes
in physiological méturity, while in others a higher than average
stocking rate may prevént maturation and maintain pasture at an
early physiological growth stage. Mitchell and Burridge (1979)
carried out experiments to assess the influence of cutting
intensity on herbage Co, i.e. plénts were maintained at a leafy
growth stage. In July, grass was sampled from plots which had
never been cut and from plots cut every three weeks. With the
exception of clover and timothy, regular cutting maintained
herbage Co levels at almost double the concentration of the uncut
grass. Voss énd MacPherson (1977), however, found lower Co con-—
tents in plots which were cut to simﬁlate grazing over the summer

months.

The sporadic nature of seasonal variation in herbage Co content
can be partly explained by the type of growing season and by
stocking rate. 1In yéars, where grass growth is abundént or with
low stockiﬁg rates, grazing animals will ﬁot crop the grass to
the same extent and maturation can occur. When

stocking rate is high the grass will remain at a young

growth stage throughout the growing season.

‘Influerice of fertiliser nitrogen application on herbage Co

The influence of fertiliser-N on Co uptake is unclear and the
published literature gives a very confused picture. Some workers

found no effect of fertiliser-N application on Co content

(Stewart and Holmes, 1953; Wright and Lawton, 1954; Mudd, 1970),

while others have observed declining Co concentrations when

fertiliser-N was applied (PerCiva1 et al, 1955; Reith et al,
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1964, 1983). On the other hand, Voss and MacPherson (1977) found
herbage Co cohcentrations were increased when fertiliser Nywas
applied and this led to an improvement in the Co status of grazing
lambs. Increased herbage Co contents were also obtained after
fertiliser N application to a mineral soil (Klessa et al, 1988),
and to a peat soil (Reith et al, 1983). Klessa et al (1988)
qﬁantifie& the effect of fertiliser N on.a mineral soil by
multiple regressions between herbage Co content, soil pH and
available soil Co for low and high rates of fertiliser N appli-

cation during mid and late summer.

The literature provides little clue as to how such conflicting
results have arisen. Reith et al (1964) suggested that decreésed
herbage Co contents may be the result of clover die-back after
fertiliser N application and West (1981) proposed a dilution
effect of herbage Co when growth rate exceeded the rate of Co
uptake. COSAC/SARI (1982) appear to explain the contradictory
results in terms of‘different soil Co levels. They suggest the
application of nitrogen reduces Co uptake in soils of deficient
or borderline Co status and on naturally freely-drained soils
irrespective of Co status. For poorly drained soils with
adequate Co contents and on deficient soils treated with Co, the
effect of applying nitrogen is variable but génerally small
(COSAC/SARI, 1982). Klessa et al (1988) suggest that the factors
involved are soil availability, acidifiéation by ammonium
fertilisers and the ratio of NH4-N to NO3-N taken up by roots

with respect to the effects on the pH of the rhizosphere.

‘Assessment of herbage Co contents in relation to the requirement

‘of grazing ruminants

In a natural situation, the only supply of Co to the grazing
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ruminant is from the soil via the grazed pasture. Thus, it would
appeér thaf a simple aﬁalysis to obtain the Co content of the
herbage would give a measure of the soil's ability to supply Co
to the grazing animal. From the previous sectioms, it can be
seen that although such a procedure is easy to carry out, the

results obtained can be difficult to interpret.

Factors such as grass species, their maturity and part of_plaﬁt
eaten duriﬁg'graéing will alter the total Co content of a pasture,
and any analysis will'rebresent the amoﬁnt~of Co present in the
pasturé for that immediate time only (Voss and MécPherson, 1977).
To assess the Co status of a pasture, herbage samples must be

taken throughout the grazing season.

Whén‘grass samples are taken care must be taken to include all
the species present in the sward. However, ruminants, and in
particular sheep, show selective grazing patterns and certain

- plant types, although present within the sward, may not necess-—
arily be consumed by the animal. Cornworth (1984) mentions the
problems of interpreting herbage data siﬁce it is unknown what

or how much én animal consumés nor the availability of Co to the
rumen microbes from different épeciés or parts of ﬁlants.' Thus,
even with careful sampling techniques the sample obfained may not

represent what is actually consumed and metabolised by ruminants.

Despite these difficulties, guidelines have been produced to
assess the likely Co status of grazing ruminants, from herbage

Co concentrations (COSAC/SARI, 1982}:
Deficient - <0.08 mg Co kg oML
Borderline - 0.08-0.10 mg Co kg L

Adequate = - >0.10 mg Co kg M1
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These at best can only act as a guide to the likely Co status
of the grazing animal and should not be used in isolation as an

unequivocal diagnostic method.

Another major problem in collectiﬂg herbage samples is soil
contamination. As soil contains around a hundred times more Co
than the plant; the presence of even minute quantities ofsoilpn
plant tissue can result in highly elévated herbage Co concentra-
tions (West, 1981). One method commonly used to detect the
presence of soil contamination is to carry out a titanium deter-
mination in parallel with the Co anélysis. In uncontaminated
herbage, titanium levels rareiy exceed a few mg kg—1 and the
presence of >10 mg Ti kg—.1 is taken as indicating the presence

of soil contamination (Fleming, 1965). Other elements, such as
iron, are also higher in contaminated samples. Whereas, titanium
concentrations are fairly constant in all pasture species, iron
is found in higher concentrations in legume species than other
grasses (Fleming, 1965). Thus, it is difficult to produce values
which would indicate the degree of soil contamination when Fe is

used as the indicator.

Whether the presence of any soil adhering to grass samples should
be inclﬁdea in a herbage Co determination has been debated. There
is a 1arge amount of evidence to support the theory that soil
contaminated herbage will lead to an improvement in the Co status
df grazing rﬁminants. Both cattle and sheep can ingést substan-
ﬁial amounts of soil, frqm 10-100 g soil kg herbage DML can be
consumed by cattle and up to 300 g for sheeﬁ which graze closer

to the ground (Thornton, 1983). At least some of the soil Co

must be available for rumen microbial synthesis of vitamin Bq,.
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The availability of soil Co to the ruminant was illustrated
by early New Zealand workers who used soil drenches as a
successful cure of unthriftiness. 1In later work, Andrews

et al (1958) found thatvheavily grazed pastures appeared to
reduce the severity of Co deficiency amoung lambs. Presum-
ably this is a result of greéter soil ingestion. 1In more
recent work, Brebner et al (1987) demonstrated that vitamin
B1o synthesis was greatly enhanced when soil'was included in
tﬁe diet. However, the amounts of soil Co which are avail-
able to the rumen microbes are unknown or how this varies in

different soil types.

To conclude, at present herbage Co analysis (from uncon-
taminated samples) can be used only as a guideline to the
likely Co status of the grazing ruminant at that immediate
boint in time when the sample was taken. The development of
sampling techniques which can mimic grazing and which will
include a certain amount of soil may give a better indica-
tion of the Co status of pasture but further work is réquired
to determine the factors influencing soil Co availability

to rumen microbes.

2.4 " EFFECT OF COBALT ON THE RUMINANT

Cobalt as such is not a physiological requiremenf of the ruminant,
but by various rumen microbes as a precursor to vitamin Bjy
synthesis. Thus, the claésic symptoms of Co defié¢iency such as
inappetence, loss of weight and‘anaemia are a direct result of low
vitamin Bjo synthesis. The role of Co in ruminant nutrition has
been reviewed by various’authors (Underwood,. 1966, 1977; Ammerman,
1970; Robertson, 1981; Gardiner, 1977; Mills, 1981; Clark and

Millar, 1983).
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2.4.1 Manifestations of Co deficiency

Co does not accumulate in any particular organ or tissue to any
large extent, but the liver, kidneys and bones usually contain

the highest concentrations (Underwood, 1977). From radioactive
studies, Rothery et al (1953) found the highest Co concentrations
in the liver, kidney and pancreas. ‘As .. muscular tissue con-
tainéﬁ similar amounts of total Co to the liver, Rothery suggested
both sites may be important storage organs. These results were
coﬁfirmed by Smith and Marston (1970) who found vitamin Byy was
contained in the mitochondria of the liver. They also found that
within the gastro-intestinal tract, the tissueé of the small

intestine contained the highest concentrations of Co.

Before describihg the symptoms of Co deficiency it is worthwhile
noting the vulnerability of different ruminants to Co defiéiengy.
Most workers agree with Andrews (1971) who found sheep more

susceptible than cattle, with the young at most risk.

The simplest way to illustrate the appearance of Co deficiency

in ruminants is to follow what occurs once they are subjected to
a Co-deficient pasture or fed a Co-depleted diet. Initially, the
animals continug to gfow and thrive as normal, but after a time-
lag of some three to four months_fo; sheep (Stewart, 1951;
Andrews, 1955, 1965) or six to ten months for cattle (Gardiner,
1977), the classic symptoms of Co deficiency appear. During this
time the>anima1 utilises it§ reserves of Qitamin Byo mainly from
the liver (Underwood, 1977), the amount stored depending on the
previous grazing and feeding pattern. Then follows a period of
reduced liveweight gain, and finally loss of weight, severe
wasting, anaemia and ultimately death. Other visible symptoms

include poor wool production in sheep (Andrews, 1971), dull and



- 42 -

harsh coats in cattle, watery eye discharge which forms a hard
crust running down the face, palenesé of visible mucous membranes
and skin discolouration aﬁd fragility (Underwood, 1977). 1In
sheep, increased perinatal mortality in lambs from Co~deficient
ewes has been found (Duncan et al, 1981) and lowered lamb viability
(Fisher and MacPherson, 1986). The role of Co/vitamin Bjy on
milk production yields of cattle and gréwth of suckling calves
has received some atténtion. Skerman and O'Halloran (1961) found
Co administration to dairy cattle improved the yield of fat-
corrected milk and improved milk vitamin By concentrations by
507 in one herd but had little effect on the other. Heifers
receiving - Co . two months before calving grew better during
late pregnahcy-and lactation than untreated controls. Whilé Co
treatment produced no effect on calf birthweight, growth was
significantly{improved during the first seven weeks (Skerman and

O'Halloran, 1962).

On post-mortem of a severely—affeéted animal, a sad stofy of
extreme emaciation, with often a totél absence of body fat is
seen. The liver appears fatty with haemosiderisation of the
spleen and anaemia is of:a normocytic, normochromic type in sheep
indicative of bone marrow hypoplasia (Smith et al, 1950; Holmes,
1965; Gawthorne et al, 1966). According to Underwood (1977),
inappetence and wasting occur before any signs of anaemia appear
and whereas Co administration quickly improves appetite and body
weight, the improvement in haemoglobin levels is delayed
(Gawthorne et al, 1966). Other changes within the body have been
noted; For example, when wethers are maintained on a Co-deficient
diet for two and a half years the cbllagén production in the

muscle increases (Holmes, 1965). 1In addition, cerebrocortical
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necrosis in severely deficient wethers has been seen (MacPherson
et al, 1976) and Harley et al (1962) found characteristic lesions

of polio-encephalo malacia in Co-deficient sheep.

Nowadays severe Co deficiencybis rarely seen, occurring normally
only under extreme experimental conditions. Of more importance
is the exisﬁence of sub—clinical Co deficiency where animals fail
to‘sho& full,production potential. As Robertson (1971) explains
"sub-clinical deficiency of Co can exist over a large area with
farmefs unaware of any associated production problem because
clinical signs are not apparenf and in one distfict all flocks‘
and herds are more or less simultaneously affected". In addition
to a simple 1owering of productién, the éituation can become con-
founded as animals of sub-clinical Co status show a greater
vulnerability to diseases (e.g.-parasitic infectioﬁ) which lowers
production further. The extent of the problem is difficult to
estimate, with many farmers not even realising they have a problem,

and may become more widespread with increased land improvement.

2.4.2 ‘Association of Co with various diseases

The association of Co with various diseases has been observed:

(a)  Phalaris stdggers ‘and ‘similar ‘diseases

Early workers found that ewes grazing Phalaris tuberosa

showed no symptoms of phalaris staggers when given a 7 mg Co
drengh each week (Lee and Kuckel, 1953). Later work, how-
eVer, found such rates tb be ineffective, with 28 mg Co.
given weekly of 280 mg Co monthly reducing the incidence of
staggers but not giving complete protection, while twice |
daily dosing with 0.05 mg Co preventéd - the disease (Lee

et al, 1957). The requirement for Co as opposed to vitamin

B1o was shown by Lee and Kuckel (1957) who suggested that
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Co may act by éausiﬁg proliferation of rumen microbes which can
detoxify the active poison in P, egpwe¥ice ., Timing of Co treatment
was found also to be important. For example, administration of Co
before putting wethers to graze onva swafd containing P. acpatics
prevented thevdevelopment of staggefs, but Co treatment after

symptoms appeared had no effect '(Goddard et al, 1967).

Supplementary Co prevented the development of a similar disease in

South Africa (Van der Merwe, 1959) but was ineffective in preventing

" Helliotropium europaeum poisoning in penned sheep (Lanigan and = =

(b)

(d)

Whittem, 1970).

Ovine white liver diseadse

In more recent times an association between the incidence of ovine
white liver disease and low Co-status has been observed (Sutherland

et al, 1979; Mitchell et al, 1982; McLoughlin et al, 1984, 1986).

Low milk=fat syndrome

The possible pfevention of low milk-fat syndrome found inAdairy
cows when fed a low fibre, high concentrate dietvby Co/vitamin Bi2
was first pfoposéd‘by Frobishvand Davis (1977). For three cows;
vitamin 312 injectibns increased fat yield by almost 88%Z, but
produced no effect on anéther four cows. However, Elliot et al
(1979); foﬁﬁd ﬁé difference in milk fat yields’whenbvitamin 312’
injectiéns weré administeréd‘ﬁo cattle;’despite producing increased

liver vitamin Bj) concentrations.

Internal parasitism

Various researchers have found a relationship between Co status and
parasitisﬁ. In soﬁé cases infection with gastro—intestinal
parasiteé fesultéd’in highér'worm burdens (Threlkeld et al, 1956),

greater worm egg production (Richard et al, 1954) and a greater



- 45 -

loss of Weight'(Downey, 1966) in Co-supplemented animals.
Richard et al (1954) suggested that the additional Co
appeared to benefit the parasites rather than the hoét.
A‘However, others (Downey,11965, 1966; Andrews et al, 1970;
MacPherson et al,.1987) found greater mortality and worm

burdens in animals 6f low Co status.

2.4.3 Biochemical consequences of Co deficiency

All the clinical and pathological characteristics of Co deficiency
in ruminants result from various metabolic disorders in the

tissues.

(a) _Enzymic‘requirement'for'vitamin Bio

For activity the following enzymes require the presence of

vitamin Byp:

(i)"Methglmalongl—COAi'mutase (E.C. 5.4.99.2)
The primary metabolic defect iﬁ vitamin 312 deficiency
is a block in propionic écid bréakdown to glucose
within the liver (Marston'eﬁ él, 1961). Propionic
acid is a major energy sourcgvfor ruminants, particu-
larly on higﬁ concentrate diets. Inifial propionic
acid metabolism involves its breakdown to succinyl

coenzyme A (Fig. 2.3).

In the early 1970s it was suggested that the‘impaifed
utilisation'éf propionate in Qitamin Byo deficient
sheep might be due to the failure to convert methyl-
malonyl—CoAﬁ to succinyl CoA (Smith and Marston, 1971)
and this explained the poor clearance rates of propi-
onate and to a lesser extent acetate in vitamin'Blz

deficient sheep (Somers, 1969). This was further



Figure 2.3 Breakdown of propionic acid to succinyl coenzyme A [from
- McDonald et al (1981)] '

Propionate + coenzyme A

Acyl CoA synthetase

Y
Propionyl coenzyme A
\

Propionyl CoA carboxylase

\

Methyl malonyl coenzyme A
N

methyl malonyl - CoA mutase

N
Succinyl coenzyme A



(ii’)

- 46 -

confirmed by Andrews and Hogan (1972) who found increased
uriné excretion of méthyl malonic acid in Co~deficient lambs.
When sodium propionate was given to Co-depleted lambs, methyl
malonic .acid excretion in the urine increased by a factor of
ten,vbut had little effect on Co-supplemented lambs (Hogan
et ai, 1973), suggesting that the normal propionate pathway
was blocked. TFrom results such as these it was concluded
that the énzyme methyl malonyl-CoA mutase required vitamin
Bip as a co-factor. The consequences of impaired propionic

acid metabolism can be summarised as follows:

1) Blood propionate levels increase, resulting in a loss of
_ appetite with a consequent lowering of the rate of live-

weight gain or an actual loss of weight (Gardiner, 1977).
2) - Blood glucose levels decline (MacPherson et al, 1973,

1976).

Methyl tetra-hydrofolate-homocysteine transmethylase
(E.C. 2.1.1.13)

Vitamin Byo deficiency has also been found to inferfere with
the metabolism of folic‘acid which is another member of the
vitamin B~‘ group. For many years, it had been observed that
vitamin Bjy or folic acid deficiency in humans resulted in

increased excretions<xﬁfdrmiminoglutamicacid (FIGLU) but it

“was not until 1968 that the relationship between vitamin By,

and FIGLU was deﬁonstrated in sheep (Gawthorne, 1968).

Givens (1978) describes how vitamin B1g regulates the avail-
ability of tetra;hydrofdlic' acid, a precursor of folic acid,
via the enzyme methyl tetra-hydro-folate-4 homocysteine
transmethylase. For the production of folic acid, initial

reactions involve the breakdown of the amino acid, histidine,
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to FIGLU. TFor further reactions to take place, tetra-hydro-
folic écid is requiréd as a coenzyme. It has been suggested
that when vitamin Bjy is low tetra-hydrofolic acid lgvéls
fall- in the liver preventing further metabolism of FIGLU
which~is then excreted in the urine. Smith and Osbourne-
Whiteb(1973) found very low tetra-hydrofolate and folacin
levels in the livers of vitamin By, depleted sheep. In
vitamip Bjo deficient sheep, the activity of both dihydro-
folate réductase and 5-methyl tetra-hydrofo1ate—homoéysteine
transmethylase in the liver was fdund to be reduced.
(Gawthorne and Smith, 1974). As the latter enzyme is -
required earlier in the reaction scheme to produce tetra-
hydrofolatebit would appear.thatvthis enzyme is the one which
requireé vitamin Bj,. Fig. 2.4 giveé an outline of the
metabolic pathways and where vitamin B12 mayvbe involved.
Thus, under low vitamin Bjjy status the re-cycling of tetra-— -
hydrofolic acid is reduced, preventing the production of
l-glutamic acid, a necessary precursor of folic acid and low
folic acid levels were found in 1ivers of vitamin By, defi-
ciént‘sheep'(Smith et al, 1974). A deficiency of folacin
(collective name for a number of compounds which are deriva-
tives of folic acid) is charaéterised'by nutritional anaemia
and pépr groﬁth (McDonald et él, 1981). Thus, the character-
istic aﬁaemia obéérVed'in vitamin 312 deficient animals may

in part be due to the induced folic acid deficiency.
The consequences of the induced folic acid deficiency can be
summarised as follows:

1) From Fig. 2.4 it can be seen that vitamin By, is also

required for reformation of the amino acid, methionine.



Figure 2.4 The

(197

Homocysteine

COBALAMINE
ENZYME N\

5-methyl
tetrahydrofolate

relationship between Vitamin B12 and FIGLU in the
'methionine synthetase' pathway [adapted from Givens

8)]

Histidine

Urocanic acid

4-imidazolane-5-propionic acid

i

Formimino-L-glutamic acid (FIGLU)

Methionine

Tetrahydrofolic

acid "‘\\\\&

‘\\\\\\\- 5-formimino

tetrahydrofolate L-Glutamic acid

Vv




- 48 -

As methionine is necessary for optimum growth and wool
production, the poor wool growth in sheep and poor coat
quality in cattle found with vitamin By, deficiency may
. be attributed to fhe faCt that the amounts of methionine
produced are inadequate. In addition, rumen microbial
biosynfﬁesis of ﬁetﬁionine is feduced with low Co intake
(McDoﬁald et al, 1981). Hence; methionine supply from
rumen microbes and synthesis within the ruminant is

reduced.

2) DNA synthesis'ié reduced in Co—déficient animais (McDonald
et al,k1981). Vérious tetrahydrofolates are involved in
the synthesis of purines which are impoftant precursors
of the various nucleotides present in DNA. In Co
deficient animals, the induced folic acid deficiency will
result in ibw amounts of tetrahydrofolates SO nuciebtide

synthesis will be reduced.

3) 1In Co-deficient sheep, the proportion of lipid material
found inlthe liver increases as choline levels decline
»(Smith and Osbourne-White, 1974). During choline synthesis,
mefhyi groups are transferred to phosphatidyl ethanolamine
by S—adenosyl methionine to produce bhosphatidyl choline.
Heﬁce, since methionine levels are low in Co deficient
animals the methylation reaction no longer occurs (Suttle,

1977) and choline is not synthesised.

Changes ‘in .the 'levels ‘of various ‘blood parameters in ‘severely

"deficient animals

The concentration of various blood parameters change in severely

deficient animals and are summarised as (MacPherson, 1973, 1976):
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(i) Lowered haemoglobin and packed cell volume due to low
haemoglobin synthesis in the bone marrow with a consequent

drop in packed cell volume.

(i1) ©Liver damage from increased fat deposition results in

aspartate transferase (E.C. 2.3.2.7) leakage into the blood.
Plasma éscorbic acid levels decline as synthesis in the

liver is impaired.

(iii) Lower plasma alkaline phosphatase (E.C. 3.1.3.1) levels

occur as a result of the reduced movement of this enzyme,

from the gut lining into the bloodstream.

(iv) Induced thiamin deficiency causes elevated blood pyruvate

and pyruvate kinase (E.C. 2.7.1.40) concentrations. This
is thought fo arise either from a requirement for vitamin
Byo by the rumen microbes for thiamin synthesis or the
types of rumen micro-flora present changing to a new popu-

lation which has a lowered capacity for thiamin biosynthesis.

Factors affecting the synthesis of vitamin B9

To date, no one or group of rumen microbes have been isolated as
being the main contributors to vitamin Byo synthesis. 1In recent
work, using a continuous culture teéhnique, the microbial popula-
tion appeared to chéngé when a Co—deficient substrate was used,
indicating the“poSsible Co de?endence'(probably as vitamin Byj,)

of some rumen microbes (McDonald and Suttle, 1987). The organisms.

involved or the amounts of Co required are unknown.

Several forms of vitamin By, are known. In Fig.k2.5 a simplified
diagram of the‘structure of vitamin By, is given. The a-sub-
stituents influence the éffectiveness by which the rest.of the
molecule is "identified" by proteins and glycoproteins involved in

transport through the intestinal mucosa, transport in the blood-



Figure 2.5 Simplified structure of vitamin Byo (from Mills (1980))
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stream or through cell membranes, while the B-substituents differ
according to the functional role of vitamin Bjs. So-called "true

vitamin Bj," has:

a-substituents: -~ amino-propanol, ribose-3-phosphate, 5,6~

dimethyl benzimidazole.

B-substituents: methyl (when vitamin Byp involved in methyla-

tion reactions),"~ddenosyl (for oxidation / reduction reactions).

Vitamin B12 molecules with these o-substituents are classed as
cobalamins with methyl- and adenosyl-cobalamin the active coenzyme

forms of vitamin Byo in‘animals (Mills, 1981).

During microbial synthesis incomplete addition of the>various
substituents: listed above or substitution with other compounds
results in a wide variety of cobalamin analogues (Mills, 1981)
which are often termed pseudo vifamin Blé’ Although many of
these forms appear to be active in microbes, they have no bio-
logical activity within the animal (Gawthorne, 1970°; Dryden
and Hartman, 1971). This is illusﬁrated in experiments in which
injections of pseudo vitamin Bjj td dairy calves gave no improve-
ment in growth or liver vitamin B12 levels, while similar injec-—
tions with "true" vitamin Byy produced a dramatic response

(Hopper and Johnson, 1955).

Although Co is the most important dietary constraint on vitamin
Bio production the nature of the diet fed will alter both the
amount of vitamin By formed and the proportions of inactive
analogues. When Co intake is low both total and "true'vitamin
By activity falls in the rumen (Hineband Dawbarn, 1954), with
the proportion due to "true" vitamin By, increasing. Smith and

Marston (1970) found the efficiency of vitamin B1o production
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in a basal Co-depleted diet to be 13% compared with 3% when
supplementary Co was given and Gawthorne (1970) found as Co
intake was increased the proportion in the rumen due to "true"
vitamin Byo (5,6-dimethyl benzimazolyl cobamide DMBC) .declined,
while inactive 2-methyl adenylcobamide remained.unchanged. He
further showed that almost all the vitamin Byp activity in the
blgod of sheep was accounted for as active DMBC. Thus, even
although a largefprbportion (some 607 for Co-depleted sheep) of
inactive analogues are produced in the rumen only the active
forms afe absorbed. With cattle almost SOZ‘of total vitamin Bj,
in plasma could be accounted for as inactive analogues (Halpin

et al, 1984).

The nature of the diet fed has been found to influence both ovef—
all vitamin By production andvthe proportion due to analogues.
Roughage restricted diets increased vitamin Bio production in
cattle (Walker and Elliot, 1972) ahd sheep (Bigger et al, 1976).
High energy rations appear to encourage vitamin Bjj analogue
production in the ruﬁen of cattle at the expense of'ftrue”'vitamin
By1o (Walker and Elliot;‘1972). The addition of lucerne meal in
the diets of sheep increased production in the rumen of both
active and inactive Vitamin‘Blz (Bigger’et al; 1976) and the
proportion of vitémin 312 analogues was less in the rumen of
grazing sheep than sheep given a roughage-gluten diet (Smith and
Marston; 1970): In addition, when food was withheld for some
fifty houfs; éefﬁm vitamin 312'1eVe13 increased (Millar et al,

1986).

From radio—active labelling studies, Smith and Marston (1970)
observed that most of the vitamin Bj, within the rumen was

associated with the micro-organisms but was released in the acid
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conditions of the~ab0masum.' Some of the vitamin By produced in
the rumen waé dégraded and only 5% was absorbed, mainly in the
small intestine. Rickard and Elliot (1978) found slightly higher
absorption rates than these with between 8 to 387 of the
synthesised'vitamin being absorbéd,’and effiniency increasing as
the Co content of the diet declined. However, Marston (1970)
found absorption efficiencies of vitamin Bjy of less than 37 for

Co-adequate sheep.

2.4.5 Co requirements of the ruminant

Various studies have been carried out in an attempt to find the
levels of Co required by ruminants. The minimum total require-
ment of sheep for vitamin Bjo has béen assessed to be around

11 pg per day to maintain normal growth rates (Smith and Marston,
1970; Marston, 1970), with a dietary Co intake for sheep of

0.08 mg Co day‘1 (Marston, 1969).

Various workers have suggested minimum Co concentrations which
mnst be present in the diet to maintéin a&equate Co status. ARC
(1982) suggest herbage -Co concentrations of 0.11 ng Co kg oML as
being the lower limit for both sheep and cattle and these values
were also initially suggested by Andrews (1965). However, other
researchers have found that animals have maintained bodyweight

on 1owef cobalt intékes, and COSAC/SARI suggest 0.07 mg Co kg pv L
as adequate for sheep and around 0.05-0.07 mg Co kngM"1 for
cattle. However, to sustain maximum growth rates they suggest
that more Co is required at around 0.10 mg Co kg oML for sheep

and 0.08 mg Co kg M ! for cattle.

2.4.6/
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2.4.6 Measurement of Co status in the ruminant

(a)

Liver Co

As the liver is the main storage organ for Co in the
ruminant, liver Co levels have been suggested as a diagnostic
measure of Co status. McNaught (1948) defined diagnostic
criteria, based on.a large survey measuring liver Co levels
from areas where Co deficiency was unknown, and from Co-

treated and untreated animals from known Co-deficient areas:

Sheep (3 months or older) <0.06 mg Co kg_l deficient
3 *0.1 mg Co kg—1 adequate
(under 3 months) <0.04 mg Co kg_l deficient

>0.08 mg Co kg'l adequate

Cattle (9 months or older) <0.05 mg Co kg'l deficient

>0.12 mg Co kg"1 adequate

Although data for cattle under 9 months were insufficient
to produce any definitive values lower levels than those
for older cattle were suggested. Measurements of liver Co
levels can, however, be misleading. For example, liver
concentrations can be increased in Co-deficient animals
showing clinical symptoms by ihtravenous Co injections or
by direct administration of Co into the duodenum without
leading to any improvement in the appearance'. of the animal
(Phillipson and Mitchell, 1952). Co supplied in this form
is unavailable for rumen microbial vitamin By synthesis
and can be of no benefit to the animals. Also, ruminants
kept on a low-Co diet can be maintained free of Co deficiency
symptoms by giving regular vitamin Bjo injections, but
produce no effect on liver Co levels (Underwood, 1977).
Hence, liver Co levels are not a reliable indicator of Co

status.
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(b) Liver vitamin Bio

Since the metabolically aqtive form of Co is vitamin Bjy, which is
involved in various biochemical processes within the liver, the
measurement of liver vitamin Bjp would appear a more reliable
indicator of Co 'status. Once ruminants are confined to Co-defi-
cient pastures or given a Co-depleted diet, liver vitamin Bjj
reserves become depleted. ‘Dawbarn et al (1963) found over a -six
month period as Co deficilency pfogressed mean liver vitamin Bjj
levels fell from 1.05 to 0.12Apg'g'1 wet weight. Diagnostic

values for liver vitamin Bjy were suggested by Andrews et al

(1960) :
Liver vitamin By, (pg g_l wet weight)
Very low | <0.07
Low 0.07-0.10
Borderline 0.11-0.19
Normal >0.19

On supplementation,.liver vitamin By, values increase (e.g. Skerman

et al, 1959; Andrews and Isaacs, 1964).

However, although liver vitamin By, values provide a reliable
meésurement of Co status, practical problems prevent its use as a
routine diagnostié measurement. Liver samples are both costly and
difficult to obtain, requiring either sacrificial killingbof a few
animals or biopsy samples. Thus, from any one flock the number of
animals which can be tested is very limitéd, making an unequivocal

diagnosis of flock Co status difficult.

(c)/
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Serum vitamin Bja

Vitamin By, concentration in serum is the most’ commonly used method
of deﬁermining Co status, mainly as a result of the ease by which
samples can be obtained and thg low cost involved. Early workers
were quick to note the rapid fall in serum vitamin Bjj concentra-
tions when animals were confined to 10W’Co diets. Dawbarn et al
(1957) studied the relationship between plasma vitamin Byp levels
in sheep with time, when fed diets containing <0.02 mg Co kg bM"l.

In one experiment, plasma vitamin B1o (as measured by lactobacillus

leichmanii) fell to 177 of its original value after 53 days and

to only 107 within a further 50 days. In a secoﬁd experiment,

only 2.5% of the initial value was seen affer 35 weeks. From their
results, Dawbarn et al suggest clinical éymptomsbof Co deficiency
appeared in sheep when plasma vitamin By, values fell below 200 ng
171, similar results were obtained'By Andrew and Stephenson
(1966) who also found clinical symptoms in lambs appearing when
serum vitamin B12 < 300 ng 1"l. Somers and Gawthornme (1969) also
observed clinical symptoms in two Sheep'wheﬁ plasma vitamin Byo
levels fell below 200 ng '1—1>but_another two sheep maintained a
healthy appearance for a few Weeks,:even‘when plasma vitamin Bjo
levels fell,ﬂelow‘200~ng 171, Theée authors noted the large
variation in plasma vitamin Bjo concentrations within a flock fed
an identical ration. This was particularly evident in rations
containing greater than 0.10 mg Co kg vl and they suggested this
was a'result of variations in the rate of éynthesis of vitamin Bj)p
in the rumen and hence the amount present for absorption within
the gut. Thus, to assess the'Co statusbof a flock a large number
of animals must be sampled. - Various diagnostic criteria have been
used to classify the Co status of an animal. The values used by
the Veterinary Investigational Centres in Scotland are given below

(COSAC/SART):
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Serum vitamin Byo concentrations (ng 1_1)

(measured by lactobacillus leichmanii)

Sheep  Adequate - 2400
Borderline ‘ 200-400
Deficient <200

Cattle Adequate >200
Deficient <200

Alﬁhough these values provide a useful guide to an animal's Co
status, they at best provide only an indication of the likely
response of animals to treatment. Clark and Millar (1983) describe
some of the considerations which must be taken into account when
collecting serum samples for vitamin By, analysis such as diseases
which can cause liver ddmage and increase vitamin Bj) levels and
prolonged yarding which increase serum vitamin Byy levels. Since
serum vitamin By) levels respond within two days of éhanging
dietary Co levels, animals must be sampled while still grazing
suspect pasture. Millar et al (1984) found that withholding food
for some 44 hours, or supplying only a limited amount of cut grass,
increased serum vitamin Byp levels. Thus, interpretation of serum
vitamin Bjs values must be made with care. The values used by the
Veterinary investigational Unit will become modified as more data
becomes available (Taylor, 1988). Studies to investigate the Co
requirements of cattle iﬁ particular are scarce and less is known
about their requirements. Much of the work to date suggests that
much lower diagnostic values should be used for cattle. Mills
(1981) suggests a value of <75 ng 171 as indicating Co deficiency
in cattle.’ MacPherson (1981), however, ﬁas reported a growth
response to Co in cattle at grass where the mean serum vitamin Bio

concentration of untreated controls was 130 ng 171,
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Urinary or serum methyl malonic acid (MMA)

In more recent years, the potential use of the metabolite MMA

either in urine or blood as a method of assessing Co status, has

received increasing attention. As discussed earlier, the principal

effect of vitamin By, deficiency is to prevent the normal metabolism
of propionate,resultihg in the build-up of MMA in the blood, and
increased excretion in the urine. Since MMA accumulates only once
low Co intakes actually influence the ruminant's metabolism, it may
relate mofe closely to loss of production in the animal. Serum
vitamin Bj, levels will fall before the .amimalsvt metabolic processes
are affected and, thus, before the animal shows any symptoms.
Gawthorne (1968) was among the first to note an increased MMA
urinary excretion rate in severely Co-deficient sheep of some five
to twelve times that of corresponding pair-fed animals given an
intramuscular vifamin B1o injection. These elevated values could
be restored to normal within three weeks of administration of an
intramuscular vitamin Bjj injection. Various other workers have
noted higher MMA excretion rates in Co-depleted animals than in
suppiemented animals (Andrews et al, 1970; Andrews and Hogan, 1972).
Definitive values for use diagnostically were proposed by Millar

and Lorentz (1979). They suggested that a mean value of >30 pg m1~1
MMA in the urine from ten sheep would indicate Co deficiency in the
whole flock. However, the use of urinary MMA values for routine
diagnostic purposes is very 1imited, since specialised equipment

is required to obtain a sample. Clark and Millar (1983) state that
Animal Health Laboratories in New Zealand do not offer the test
because'it is more costly than the liver and serum vitamin By tests

and is no better in detecting Co deficiency".

Within the last five years, sensitive methods of determining MMA

in plasma or serum have been developed (McMurray et al, 1986).
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Rice et al (1987) suggésted normal!plasma MMA values for lambs
wereb<5 pmol,l—l. They found SOme 627 of serum vitamin Bj) values
of <250 ng 1f1 produced MMA values in.excess of 5 pmol 171 while
the remainder bréduced low MMA‘values. .They suggest that because
of individual animal variation, flock status can only be assesséd
when a group of animals is tested. At preéent'this work is in the
eérly stages and as more work is carried out the advantages and

disadvantages of its use will become more clear.

Urinary formiminoglutamic-acid (FIGLU)

As discussed previously (section 2.4.3) FIGLU concentrations are
increased in Co-deficient animais as a result of an impairment in
tetrahydrofolate production. In pair-fed sheep, severely Co-
deficient énimals produced around thirty times more FIGLU in the
urine than their Co—treated counterparts (Gawtﬁorné, 1968). The
high FIGLU levels were detected before urine MMA,valueé increased.
Russel et al (1975) stuaied both serum vitamin Byp and FIGLU levels
in lambs grazing paéture on soll containing 0.17 mg Co kg'l. After
eight'weeks, almost half of the lambs showed visual symptoms of Co
deficiency, with mean serum vitamin Bjj values of around 200 ng 171,
FIGLU values wereAhighly variable ranging from 0.08 to 0.55 ymol
ml_l, but within one'week following Co treatment levels fell to
almost zero. Thése reéﬁlts demOﬁsfrate the prbblems of relating
FIGLU levels to the Co status of the animal. However, more recent
studies have suggested that FIGLU appears,in the urine only in the
later stages'of Cé deficienéy when the lambs show visual 'symptoms
of unthriftiness and lose weight (Stebbings and Le&is, 1983). 1In
addition; 1ambs'diégnosed'as having sub;clinical Co deficiency
prédﬁced'ﬁo ?IGLﬁ‘in thé ﬁrine while others, classed as being Co-

adequate, occasionally produced detectable levels of FIGLU.
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Skiﬁner (1983) found similar results, with elevated FIGLU
levels in only one flock out of a total of twenty-eight
tested, all of which had a history of Co deficiency. Under
more controlled experimental conditions, Stebbihgs and Lewis
(1986) found inconsistent FIGLU levels in Co-deficient lambs
and occasional high concentrations iﬁ one control animal.
From this work, FIGLU determinations would appear to be of
little benefit iﬁ determining the Co status of a flock.
However, oﬁce the factors controlling its excretion are
bettef understood and detection methods are improved, urinary
FiGLU determination may prove to be a successful diagnostic

method.

2.5 'PREVENTION OF COBALT DEFICIENCY

Cobalt deficiency in ruminants can be prevented provided a regular
supply of Co is made available to the rumen microbes since Co
storage within the ruminant is limited. Cobalt must.be supplied

in a férm which is available to the rumen microbes, i.e. Co must

be ingested rather than injected into the body. Various methods

of Co supplementation have been suggested aqd have met with varying

degrees of success.

2.5.1- 'Applicatiéﬁ 'Ljf Co ‘to soils

Cobalt sulphate (CoéOA.7H20) either applied as a low volume
spray .- or>incorporatéd into fertiliser has been widely used
as a means of ensuring a continuous supply of Co to the
grazing animal.r Cobalt applied by these methods acts through
the‘SOil, leading to increaSgd soil Co availability and
greéter plant uptake. HowéVér;:only as little as 47 of the
Co added is actually taken up by the plant and, thus, made

available to the grazing animal (Nicolls and Honeysett,
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1964). According to Underwood (1981) the amount of Co required
and the frequency of application depends on the soil type,
terrain and husbandry practices used. For instance, a singlé

aerial spray of 0.5 kg Co ha~l

applied as hydrated cobalt
sulphate every 3-4 years;maiﬁtainéd satisfactory herbage concen-
trations in hill land in New Zealand (Andrews, 1953), while on
mofe accessible sandy soils in Australia, where phosphatic
fertilisefé are applied at least evefy second year, aé little as

0.1 kg Co ha !l as unhydrated cobalt sulphate every alternative

year was found to be adequate (Underwood, 1981).

In Scotland, recommended application rates are 0.6 kg Co ha”l as

hydrated cobalt sulphate for an acid Co-deficient soil and 1.2 kg
Co ha~! on calcareous soils. These rates were expected to main-—
tain herbage above 0.08 mg Co,vkg_1 DM for a minimum of three years
"(Reith and Mitchell, 1964), and Reith et al (1983) demonstrated
that 0.6 kg Co ha"l was effective for three years on mineral

soils and for over five years on peat. However, in more recent
tiﬁes doubt has been cast 6n whether such application rates are
‘appropria£e; For example? McLaren et al (1979) found that even

1

the application of 1.2 kg Co ha™* applied as hydrated cobalt

sulphate at one site failed to increase herbage Co concentrations
above 0.1 mg Co kg Ml in the first year. At another two sites
herbage Co contents were substantially increased during the year

of application but fell to <0.08 mg Co kg oML

1

on the plots which

received 0.6 kg Co ha - in the second year. Klessa et al (1988)

also found that although the application of 0.6 or 1.2 kg Co ha !
as hydrated cobalt sulphate, significantly increased herbage Co

in the year of application, after two years the effect had

diminished to such an extent that the herbage could no longer
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meet-the Co dietary requirements of ruminants. In Wales, Evans
(1985) found for a mineral soil applying 0.7 kg Co ha ! as
hydrated cobalt sulphate to the seed-bed, elevated herbage Co
contents only slightly during the year of application and produced
no effect in the second. Higher application rates of 1.45 and
2.87 kg Co haf1 incfeased herbage levels in the second year
following application but had no effect in subsequent years.
However, when similar amounts of Co were applied to a peat,
residual effects were seen twélve years after application, even

for the low application rate (Evans, 1985).

Various workers have attempted to explain the highly variable
response of herbage to applied Co. Nicolls and Honeysett (1964)
suggested Co uptake f#om a Co-fertiliser was greater in more acid
soils, while Adams et al (1969) stated that the efficiency of Co
fertilisers was dependent on the manganese content of the soil.
They suggested plants grown on soils containing >1000 mg Mn kg'1
total manganese were unlikely to benefit from Co application to
thé soil. In a recent paper, McLaren et al (1987) demonstrated
that plant uptake of added Co to the soil is related to the
ability of a soil to sdrb Cé. Further,.he suggests that with

the small amounfs of Co that are actually édded to the soil during
Co sulphate application, -soil pH will have the overriding influence
on Co sorption and hence residual values for cobalt sulphate

application.

The recommended rate of 0.6 kg Co ha™!

as hydrated cobalt sulphate
given by COSAC/SARI should only be taken as a very broad guide-

line. Poole et al (1972) suggest the following application rates:

(a)/
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(a) Mineral soils (excluding calcareous soils): 0.6 kg Co ha~ !l

as hydrated cobalt sulphate which should last for three
years, and they suggést one-third of the grazing area should

- be treated each year to give a 3-year treatment rotation.

(b) Calcareous soils (those with high pH): larger or more

frequent application, and if stocking density is low some

other treatment method may be better.

(c) Coastal calcareous sands: due to both the high pH and light

texture leading to increased losses, other preventative

measures should be used.

(d)' Peat soils: generally as in (a) but larger ' less frequent
applications may be used since Co is retained for a longer

period.

For mineral soils, consideration must also be given to the
manganese content and to a certain extent, iron oxide and clay

content (Poole et al, 1972).

Cobalt sulphate can either be appliéd in solution form or by
incorporation into a fertiliser. A Co spray should be applied
directly to the soil, befope re-seeding or onto short dormant
graés in early spring (COSAC/SARI, 1982), to minimise surface
contamination of foliage. Co movement within plants is restricted
to xylem transport. Henée, although some Co can be adsorbed into
the plant via the leaves, this Co will be non-mobile remaining
within the leaves. When the grass is eaten, the Co in the ieaf
will not be replaced and the herbage Co will quickly fall to its
original level. By applying Co to the soil a continuous replen-

ishment of Co content of the herbage will take place as Co is



2.5.2/

_63_

moved up the plant in the xylem (Mengel and Kirby, 1978). Poole
et al (1972) mention the use of foliar cobalt sulphate applica-
tion, where 25 g CoS0,47H50 per ‘fifty lambs is dissolved in water

and sprayed onto pastﬁre as a short-term cobalt treatment.

The applicafion of Co during routine fertilisation should be
restrictéd to only manufactured "Cobaltised" fertilisers where
Co is distributed throughout the granules. In home-mixed
fertilisers it is very difficult to ensure equal disfribution

throughout.

The use of "hospital plots" on hili farms has been suggested as

a means of increasing the Co status of more inaccessible areas.
(Poole et al, 1972). Under such a>system only certain strips of
land are treated. However, Voss and MacPherson (1977), suggest
such an approach leaves too much to chance, unless a substantial
proportion of the grazing area is treated. These authors also
point out that continuous grazing of treated pasture is not
necessary, and as long as thé animals are given access to the
treated pasture for 507 of the grazing time; Co deficiency should

be prevented.

Various workers have investigéted the use of Co-chelates as an
alternative soil Co tfeatment. Most researchers agree that the
use of Co—ethylene diaminétetra-acetic acid (Co—EDTA), offers no
advantagé over'tréatﬁént with simple salts (Reith andbMitchell,
1964; MclLaren and Williams, 1981). Both groups of workers found
Co;EDTA addition led to smaller and shorter lasting increases in

herbage Co than didicobalt.suiphate.



2.5.2

- 64 -

Co Bullet
When grazing is extensive it is frequently impossible and costly
to treat the pasture with Co. In such situations Co pellets or

bullets can be used (COSAC/SARI, 1982).

Cobalt oxide pellets were first devised by Dewey et al (1958).
Using a five‘gramme ﬁixture~containing 907 cobaltic oxiderand 107
china glay,‘small pellets were formed under high temperatures and
pressures. The pellet was administered by a balling—-gun into the
oesophagus, and then became lodged in the réticulum where it
slowly dissolved to give a steady supply of Co. From X-ray
studies, it was shown that just after the pellet was given, the
majority became embedded into the anterior dorsal sac but three
months later most>were found in the reticulum. In sheep trials,
Dewey et al (1958) found such pellets an effective means of
reducing the incidence of phaléris stéggers and many workers have
established the benefits of heavy pellet administration in the
prevention of Co deficiency in both sheep and cattle (Andrews,
1958; .0'"Moore and Smyth,.1958; Andrews et al, 1958; Gracey and
Todd, 1959; Skerman et al, 1959; Skerman and O'Halloran, 1962,
1961; Watson et al, 1966). Most workers found the pellet remainéd

an effective source of Co for at least six months.

However, two problems were encountered with this method of treat-
ment - namely regurgitation, and surface coating of the pellet
with calcium phosphate which prevents the release of Co from the
bullet (Underwood, 1977). Using radio-active pellets (Millar and
Andrews, 1964) found almést one—-third of the sheep and lambs had
lost their pellet after eighteen months. They suggested that
most of the pellets were lost by regurgitation rather than lost

through the faeces.
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" Various attempts have been made to reduce the surface encrusta-
tion of the pellets with varying degrees of success. The white
encrustation was identified as being composed of brushite
(CaHPO4.2HZO) and whitlochite (Ca3(P04)2) and resembled some

urinary and salivary calculi and dental tartar (Owen et al, 1968).

Andrews et al (1964) found pre-treatment with alcoholic citric
acid did not reduce the formation of calcium phosphate, nor did
the administration of two pellets of one pellet plus a screw
grinder (Poole and Connolly, 1967). .The addition of a grinder
did,khowever, increase the supply of Co from the pellet (Dewey
et al, 1969). Connolly and Poole (1967) developed a laminated
pellet by wrapping a bandage soaked with cellulose acetate and
sprinkled with 5 g.cobaltic oxide around a steel rod. Even
although such pellets were found t§ be an effective means of
supplying Co without any coéting problems, the bellet was never

marketed.

In more recent times, a soluble glass bolus impregnated with
varioﬁs trace élements has been developed (U.K. Wellcome
Foundation Ltd., 1984). Knott et al (1985) describe the use of
a phosphate-based gléss bolus, containing Co along with other
essential elements. These are administered by a balling gun and
becoﬁe lodged in the reticulum,"wﬁere the bolus dissolves at a
controlled rate to give a continuous supply of Co. The efficacy
of such materials containing 0.57 Co as a method of Co supplemen—
tation has been shown by Allen et al (1985) and Carlos et al

(1985). The recommended yearly dosage rates are:

1 bolus for sheep

2 boluses for cattle

(U.K. Wellcome Foundation Ltd., 1984)
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2.5.3 Oral dosing‘with cobalt sulphate
Supplementary Co must be given frequently since storage within
the ruminant is limited, and tissue Cb, an&way, cannot enter the
'fumen where it is requiredbfof vitamin,Blz synthesis (Undérwood,
1981). Hence, oral dosing With cobalt sulphate can only be
effective if treatment is given regularly at weekly intervals.
Dosing sheep twice weekly with 2 mg Co or 7 mg week1y>and dosing
cattle with 5-10 times these amoUnfs is fully adequate even under
severe Co-deficienﬁ conditions (Underwood, 1981). As such frequent
treatment is not often féasible workers have experimented With.
larger doses given lésé frequently. Monthly dosing with 300 mg
Co has been found to reduce the severity of Co deficiency but
growth remainedvsub—optimal (Andrews et,‘1966). Over a four year
period, Lee and Marston (1969) found supplying Co at a rate of

1 at intervals of three to five weeks prevented the

1 mg Co day~
development of clinical Co deficiency, but liveweight gains were
lower than those in animals treatéd once or fwice each week.

" COSAC/SARI (1982) suggested monthly dosages of 250 mg for sheep

and 1000 mg'for cattle may be an effective method, but not under

severe Co-deficient conditions.

As Co is required by the rumen microflora, intravenous injections
of 0.1 mg Co-daily failed to cure Co-deficient lambs (Phillipson
and Mitchell, 1952), while similar amounts given orally led to

total disappeérance of the symptoms of Co deficiency.

2.5.4 Vitamin Bjo_injections

As with oral cobalt sulphate dosing, vitamin By, injections must
be given regularly. The high cost and inconvenience limits the
use of injectable vitamin By, to experimental situations (Clark

and Millar, 1983). However, even under severely deficient condi-
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tions, injections of vitamin By, give a very rapid responmse.
Injections of only 20 pg vitamin Byp twice daily for twenty-one
déys to severely Co-deficient lambs led to increased appetite,
and improved liveweight gains within forty to sixty days.
(Hoekstra et a1,>1952). However, after one hundred days,
symptoms of Co deficiency re—appeared. Weekly injections of
IOOAPg vitamin Bjo prevented Co deficiency (Anderson and Andrews,
1952), but a single dose of 1000 pg resulted in an improvement
in condition for only two weeks (Andrews and Anderson, 1954).
More recent wdrkers have investigated the use of higher injec-
tion rates, given less frequently. For example, 2000 pg vitamin
B1y boosted mean serum vitamin By, levels of lambs for only three
to four weeks (Whitelaw and Russel, 1979), while 750 pg given
every. three Weéks led to an improvement in liveweight gains in
1ambs (Givens et al, 1979). Under sub-clinical Co deficiency
conditions, 1000 pg vitamin Byp satisfied the requirement of
lambs for fourteen weeks and of weaned wethers for forty weeks
(Hannan et al, 1980). Hence, under sub—optimal Co conditions
one large injection of vitamin By, may be enough to boost the
grazing animals' Co status, but under severe Cé'deficiency
regular injections must be maintained to ensure deficiency
symptoms do not develop. The‘COSAC/SARI (1982) recommended

dosage rates are:

250 pg - 1000 pg for sheep

500 pg = 3000 pg for adult cattle

Commercially, two forms of vitamin By, are available. In early
experiments, Koch and Smith (1951) found both the hydroxo- and
cyano—-cobalamin forms were equally effective in correcting cobalt

deficiency.
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One group of early workers investigatéd the use of orally
édministered vitamin By, (Kercher and Smith, 1955) presuming that
the ingested vitamin By would be available for aBsorptién'in the
same way as vitamin By, synthesised by the rumen microflora
although this was not understoéd at fhe time. 1In trials»with'
lgmbs,‘SOO‘pg crystalline vitamin By, given orally each day for
five weeks gave a similar responée to that from the equivalent
amount -of &itamin B1o given by injection. Smaller amounts of
crystalline vitamin Byo given by mouth daiiy for eight weeks was
ineffective inbpreventing the development of Co deficiency. Such
a method of supplementation, although effective, would be too
costly and require too frequent animal handling for routine treat-
ment. kKercher and Smith (1955) did suggest that the vitamin Bio
could be added as é feed supplement in the ration. Their results,

however, were inconclusive.

Supplementation in the feed

In housed or grazing animals receiﬁing supplementary feeding,
cobalt salts or oxides can be incorporated into the ration.
COSAC/SART (1982) recommended mineral mixesvcontaining 100-200 mg
Co kg_1 Co mixed at a rate of 25 kg tonne™! of concentratés,
provided that the concentrate component of the diet formé at
least 107 of the final dry matter intaké. In Australia, it has
become coﬁmon practice to includé some . Co’: in commercialv
rations irrespective of whether fhere‘is any evidence of Co
deficiency (Underwood, 1981). As ruminants are highly tolerant
of high Cé intakes, such levels, although not beneficial, should

have no harmful effects.

Salt licks containing 0.17% . .CO  : have provided an effective

means of eliminating Co deficiency (Underwood, 1981). However,
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especially with sheep, their use can be erratic (Gérdiner, 1977).
Sométimes most of a flock will consume a lick at regular intervals,
while other flocks may ignore the lick for days or even weeks and
Co deficiency symptoms may appear. Thus, the use of salt licks
has largely disappeared as a means of preventing the incidence

of cobalt deficiency.

2.5.6 Addition of Co. to the water supply

Within the last decade it has become possible to supply Co in
the drinking water of housed animéls or fhose at grass which
have access to a piped water suppiy. This method of supplemen-—
tation is best suite& fér cattle, who require fairly constaﬁt
water intakes. By the use of a trace element metering device
Co is pumped intovthe water supply at a céncentration of 0.2 to
0.4 mg Co kg H20_1 (COSAC/SARI, 1982). As the water trough
empties, water is replenished drawiﬁg in a small amount of con-
centrated cobalt sulphate sélution to maintain a constant Co

concentration in the water.

Slow réiease pellets placed in the filter tube of the water
trough have also been tested (MacPhefson, 1983). Such pellets
slowly dissolve to maintain a constant supply of Co. In trials,
with heifers (MacPherson, 1983) either housedor at pasture, such
pellets failed to produce any response in the animals' serum
vitamin Bjy levels. The water from such experiments - contained
only 0.05.to.0.1 mg Co 171 which was found to be an ineffective
level of supplementation. Unless new formulations can be
pfoduced with faster dissolution rates such a method is unsuit-

able for the prevention of Co deficiency.

2.5.7/



_70_

2.5.7 Addition of Co to anthelmintics

2.5.8

2.6/

In recent times, anthelminticscontaining supplementary Co have
been produced. As anthelmintic treatment is répeated every three
to four weeks during spring and summer, oral Co can be administered
in the anthelmintic drench without any further handling. Since
treatment is only carried but at monthly intervals, Co additions

to the anthelmintic must be large. Various veterinary

pharmaceutical companies have developed anthelmintics containing

both Co ahd‘Se (Hoechst-U.K;,’1983; 1984) for use with cattle and
sheep. 1In general, monthly treatment with anthelmintic at the
recommended rates'will supply arouﬁd 10 mg Co for sheep and 50 mg
Co for cattle. From section 2.5.3 it can be seen that such Co
levels are likely to be ineffective in preventing Covdeficiency;
Little published.work is available on the efficacy of this treat-

ment in the field.

Advantages and disadvantages 6f methods of Co supplementation

The advantages and disadvantages of the various treatment methods
are shown in Table 2.5. 1In most practical situations for long-

term treatment the choice of treatment is limited to:

(a) CoS0,, . 7THy0 addition to soil, either as a spray or incorpora-

ted into a fertiliser.
(b) Cobalt bullet.
If the cobalt content of anthelmintics is increased, this method

may become an effective alternative, particularly for sub-clinical

deficiency.
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2.6 COBALT DEFICIENCY UNDER HILL LAND IMPROVEMENT SCHEMES

The risk of Co deficiency, either in clinical or sub-clinical forms
has emerged as a problem in areas of improved hill land (COSAC/
SARI, 1982). Such reclamation schemes involve drainage and liming
to improve soil conditions for the growth of nutritionally better
quality.grasses and clover (Voss and MacPherson, 1977). Although
pedological drainage status has a major influence on Co availa-
bility,Aartificial drainage will probébly have axﬁinimalxeffect,
as the processes invol&ed require a 1oﬁg time-scale to make any
measurable difference on soil Co. In practice, a combination of
liming and thé lower contents of reseed grass species are of more
importance in reducing the Co status of the pasture to grazing
ruminants. In addition, the improved quality of the pasture -
encourages a more rapid growth rate in lambs and hence increases
the animals' requiremént'for Co. Work carried out by the "Hill

" Farm Research Organisation" but reported by COSAC/SARI (1982)
showed that serum vitamin B;, concentrations in ewes and lambs
fell below recommended limits when grazing reseeded pastures.
Sheep grazing indigenous pasture maiﬁtained serum vitamin Byg
levels of around 800 ng 1_1, while those ewes and lambs grazing
reseeded pasture produced serum vitamin B;, concentrations of 386
and 153 ng 17! respectively. Hence, pasture improvement may induce
Co deficiency. Voss and MacPherson (1977). while recognising the
problem of induced Co deficiency, suggest pasture improvement should
not be discouraged but where a decline in Co status is noted some

preventative measure should be taken to counteract the problem.
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CHAPTER 3 - ANALYTICAL AND STATISTICAL METHODS

3.1 SAMPLING AND PREPARATION

3.1.1

3.1.2

Soil

Soil samples were taken from the field triai site at Upper
Auchinlay Farm (Chapter 9) and the fertiliser N plot trial
in 1986 (Chapter 6) to a depth of 15 cm with a step auger
using the sampling procedures given by ADAS/MAFF (1980).

In 1987, a 10 cm screw auger was used to sample the ferti-
liser N trial plots. In both years, two samples were taken
from each plot and bulked. For the‘grass species and pH pot
trial (Chapter 5), random soil samplés were taken from the
whole soil volume of each pot using a plastic spoon both at

the start and finish of the trial.

All the samples were dried at 35°C overnight or until dry.
For both the main field experiment and fertiliser N plot
investigation drying was preceded by riddling through a

6.35 mm mesh sieve. After drying only the soils from the
main field experiment were milled in a 2 mm rolling mill,
the otners being broken down manually. All the samples were

stored in paper bags and re-dried at 35°C prior to use.

Herbage

Herbage samﬁles were obtained from all the experiments using
stainless steel sheep shears cutting at a height of at least
3-5 cm above ground level to minimise soil contamination.

In addition, for work at Upper Auchinlay Farm (Chapter 9)
samples were also taken using hand operated electric shears
("Perfect Alko 6'). For all experiments except the pot

trial, where all the herbage was harvested, representative
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samples were obtained at random from the whole experimental area.
When this produced a bulked sample of >200 g fresh weight, a sub-

sample of around 200 g was removed and retained for analysis.

- In all cases the herbage samples were dried at 80-100°C on lined

stainless steel trays before further treatment. For samples taken

"~ at Upper»AucHinlay Farm (Chapters 6 and 9) this involved milling

through a 0.6 mm sieve in a "Christie Norris Mill". However, for

the grass species and pH pot experiment this procedure would have

resulted in insufficient sample being left for analysis. Hence,

these samples were manually cut into small fragments using stain-

less steel scissors.

Animal liveweight measurement

Liveweights_Were recorded using weightcruthes. TFor all the sheep
trials (Chapters 8 and 9) "Precision Weighers'" were used. For
work conducted at the Metabolism Unit, West of Scotland College
(Chapter 7) an "AMPAC" electronic livestock weigherin conjunction
with a cattle crush was used. Aftef moving to the Brickrow Farm
Unit, West of Scotland College, this was replaced with a speci-
ally made cattle holding pen to which an "Avery" weighing machine

was .attached.

Faeces and blood collection

Rectum faeces were collected directly from the anal canal using
an arm-length plastic glove which when turned inside out and
knotted acted as a receptacle. The samples were then stored in

the refrigerator until analysed.

Blood samples were collected from the jugular vein using
"Vacutainers".with the type used depending on the tests to be

performed, i.e.:
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(a) SERUM - "Monojet'" silicone coated tubes (Sherwood

Medical, U.S.A.).

(b) EDTA SERUM - 10 ml "Monojet" tubes as in (a) to which

1 ml 1.57 EDTA/saline solution of pH 6.8 was added.

(c)  PLASMA - "Monojet" tubes coated with 143 USP units -

Lithium Heparin (Sherwood Medical, U.S.A.).

. : S .
Serum was obtained fromclotted blood after retraction in a
water bath at 37°C. Plasma containing the protein fibrinogen
was separated from the blood cells and platelets by centri-

fugation at 3000 g for 20 minutes.

Both serum and plasma were stored deep frozen, but all
enzymatic determinations were carried out on fresh plasma,

within twenty-four hours of collecting the sample.

3.2 SOIL ANALYSIS

3.2.1 Available Co

Available Co was measured as acetic acid extractable Co

based on the method of Scott et al (1971). After an over-—
night initial extraction on an end-over—end shaker with 2.5%
acetic aéid (1:20 soil to solution ratio), the extract was
concentrated by a series of acid evaporation steps to

produce a final Co solution which could be read directly on
the "Thermo—-electron 251" atomic absorpfion spectrometer at
the most sensitive wavelength of 240.7 nm using a deuterium
lamp background correction. Sensitivity was %0.05 pg Co ml7L.
All the samples were read against Co standards of 0 to 5 pg

Co ml~1 containing 0.5% Ca and 0.47 Al.

3.2.2/
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Manganese

Soil manganesevwas determined as both excﬁangeable and readily
redﬁcible Mn by the methods of Scott et al (1971). Exéhangeable
Mn was determined after shaking overnight with neutral 1 M
ammonium‘acetate (soil to.solution ratio of 1:10), while readily
reducible Mn was measured on the residue from the ammonium acetate
extraction using 0.2% hydroquinone made up in 1'M ammonium acetate.
The‘Mn’concentration of each solution was.measured.directly on a
"Tﬁermo-electron 251" atomic.absorption spectroﬁeter either at

the most sensitive Mn line, 279.4 nm (sensitivity 0.02 pg Mn ml_l)
or for concentrations >3 ug Mn ml~l at 403.l‘nm line (sensitivity

0.4 pg Mn mi™1y.

Soil pH and lime requirement

Soil pH measurement was based on the method of Avery and Bascomb
(1974) using a soil to water ratio of 1:2.5. The pH was measured
on a "PH M83 Autocal pH meter" (Radiometer), standardised with

PH 4 and 7 buffers.

The amount of calcium hydroxide required to obtain a range of pH
values (as used in Chapter 5) was obtained by adding 0.001-0.07 g
Ca(OH)5 (%0.0001 g) to 10 cm3_of soil and measuring the soil pH

3 of soil

as above. From a plot of pH against Ca(OH), added per cm
the quantity of Ca(OH)2 necessary to achieve a range of pH values

was determined.

Organic matter and mechanical analysis

Organic matter and mechanical analysis were determined routinely -
by the West of Scotland College, organic matter being defined as
the % loss on ignition after ashing at 680°C according to the

method of Avery and Bascomb (1974).
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After destruction of organic matter using hydrogen peroxide
the particle size distribution was measured by aﬁ adapted
hydrometer method given by Bouyouces (1951). The partiCle'
fractioﬁs were defined using the U.K. Soil Texture 1985
system, with all the sand fractions bulked to .give a total

sand.

Available phosphorus, potassium and magnesium

Available phosphorus,. potassium and magnesium were determined
routinely by the methods given by ﬁISR/SAC (1985), using a
2-hour shake with 2.57 écetic acid (1:40 soil to solution
ratio). Phosphofus was measured colourimetrically by the
acidified‘ammonium molybdate and ascorbic acid method based
on the procedure of Murphy and Riley (1962) using a "Vitatron
Digital Concentration Photometer'" at 880 nm. Potassium was
determined directly by flame emission spectroscopy using a
potassium filter on a "Corning Flame Photometer" and magnesium
by atomic absorpﬁion spectroscopy at 285.2 nm (sensitivity~
0.1 pg Mg.ml_lﬁvon a "Thermo—-electron 251" atomic absorption

spectrometer.

3.3 PLANT ANALYSIS

3.3.1

Dietary analysis

Dietary analysis 6f the &arious feedingstuffs used in the
cattle trials (Chapter 7) was carried out routinely at the
"Analytical Services Unit", West of Scotland College. Both
proteins and the major elements (except sulphur) were
deterﬁined by a modified Kjeldahl digestion procedure
(Spillanes 1966). Total N was measured on the acid extract
colourimetrically after the formation of an indophenol blue

complex and total Ca, P, Mg, Na and K determined directly
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on the extract using an "Inductively Coupled Plasma Spectrometer"
(ICP) (Alexander et al, 1985). . Sulphur was measured én a nitric/
perchioric acid digest with the sulphur content determined turbi-
metrically (Scott, unpublished). Metabolisable energy evaluation

was carried out using the "in vitro" technique of Alexander (1969).

3.3.2 Trace element determination in herbage

(a) Determination of Cu, Zn, Mn.and Fe

Cu, Zn, Mn and Fe were determined on an aliquot taken from
a dry ash digestion, based on the method of Scott et al
(1971). This involved an overnight ashing at 480°C on two

successive occasions, followed each time by an acid digestion.

These elements were determined directly using a "Thermo
Electron" dual channel sequential scanning ICP. TFor all
determinations, the torch power level was 3 and a pump delay

1 was

time of fifty seconds with a pump rate of 1.0 ml min~
used. Multi-element standards and blanks were positioned
after every thirty samples in each batch to determine the

small calibration drift. The "raw"

data was automatically
transferred via a RS232 link to a "Macsystem" computer,
before proceeding through a simple analogue drift correction

programme on a "'Comart" micro-computer. The instrumental

parameters relating to these elements are given in Table 3.1.

(b) Determinations of Co and Mo

The remaining volume of solution left after the removal of
an aliéuot for Cu, Zn, Fe and Mn determinations (3.3.2 (a))
was used for Co and Mo analysis. The techniques involved a
concentration step to increase the detection limit and
separate the trace elements from the major elements such as

Mg since it is known that Mo measurement - by ICP is subject



Table 3.1 Plasma parameters for Cu, Zn, Fe and Mn

Wavelengﬁh Calibration Torch Inteqration
Element (nm) concentrition height time
(bg 1 °7) (mm) (s)
Cu 324.75 5 14 1.0
Zn 213.86 10 14 1.0
Fe 238.20 100 14 1.0
Mn 257.61 20 14 1.0
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to spectro interference by Mg (Lyons and Rootayel, '1982).

This was achieved by complexation of the trace elements with
ammonium pyrrolidine dithiocarbamate’at pH 1.0, followed by
extraction of the chelated trace elements into chloroform with
the organic layer collected by passing through phase separating
paper. In order to determine the recovery ratio,.Co and Mo
standards were also processed through these solvent extraction
steps. After separation, the organic fraction was taken to

dryness and taken up in dilute hydrochloric acid.

Co and Mo concentrations in solution were determined using an -
ICP spectrometer using the same general conditions as given for
Cu, Zn, Mn and Fe (3.3;2 (a2)). The specific parameters relat—
ing to Co and.Mo ere given in Table 3.2. ‘The existence of
spectral interference from Fe and Ni on the Co line at 228.61 nm
necessitated their determination in each solution so that
appropriate correction could be applied. Thus, with each
analytical batch three Co standards (0.2 pg Co ml—l) with
increasing concentrations of Fe (250, 500, 750 ug Fe'ml"l) and
three with increasing Ni concentrations (5, 10, 15 ug Ni ml—l)
were used to generate the linear correction -equations; which
were then applied by-computer calculation to produce a final
corrected Co concentration. Further, to ensure the‘Mo deter-
mination was free from Mg interference, the efficacy of the
solveht extraction wes monitored by measuring the Mg line at
279.55 nm for each solution. As with Cu, Zn, Mn and Fe final
calculations were carried out by computer, taking account of

the calibration drift.



Table 3.2 Plasma parameters for Co and Mo determination by ICP

Wavelength Calibration Torch Integration
Element (nm) concentrition height time
(g 1 7) (mm) (s)
Co - 228.61 0.2 12 10.0
Mo 281.62 2 18 3.0
Fe 234.80 1000 20 2.0
Ni 221.60 10 14 2.0
Mg 279.55 1 14 2.0
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“(¢) Quality Control

Quality control was assessed by the use of control
samples. The mean, standard deviation and coefficient
of variation (% cv) for the control samples used in
1986 and 1987 are given in Table 3.3. 1In both years,
the % cv was very similar except for Cu, which in 1987

‘was subject to various analytical problems.

(d) Co and Ti determination by D.C. arc spectrography

In 1986 the herbage obtained at the field site
(Chapter 9) was analysed routinely for Co and Ti by D.C.

arc spectrography as given by Scott et al (1971).

3.4 ANALYTICAL PROCEDURES USED ON -ANIMAL MATERIAL

3.4.1 Serum vitamin Bjo-

Vitamin By levels in sera were determined routinely by
microbiological assay using the method of Taylor and Greer
(1982) and the growth medium given by DIFCO (1971). After
the precipitation of the serum proteins by boiling with
potassium cyanide at pH 4.85, the amount of stable cyano-
cobalamin present was measured by assessing the growth of

the vitamin By9 requiring micro-organism lactobacillus

leichmannii ATCC 7830 after incubation for 18 to 24 hours

at 37°9cC.

Vitamin Byy was also measured by the "Becton Dickinson
Vitamin By, (57Co) Radioassay Kit" (Catalogue No. 262315)
according to the manufacturers' instructions. Although
this kit was originally developed for human sera, it has
also been successfully used for ovine samples (Taylor and
Greer, 1983); The basic principle of the test is based on

"Competitive Protein Binding" in which a known amount of



Table 3.3 Mean tissue element concentration of control herbages
measured in 1986 and 1987

(+sD)

Herbage concentration (mg kg_l)

Element

1986 (n=26) % C.V. 1987 (n=30) % C.V.
Co 0.06x0.012 20 0.23+0.045 20
Mo 0.25%0.047 18.8 0.56+0.082 14.6
Fe 58+3.8 6.6 880+39.3 4.5
Mn 173%8.5 4.9 311*10.55 3.4
Zn 23.91.80 7.5 37.8£1.50 4.0
Cu 6.17+£0.341 5.5 4.37+0.813 18.6
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added radio-active vitamin Bj, competes with unlabelled,
endogenous vitamin Byy for binding sites on an intrinsic factor,
a glycoprotein requiréd for vitamin By, absorption through the
guf wall. This;particulat kit uses "porcine" intrinsic factor
which has an équal affinity for both labelled and unlabelled
vitamin B;o both of which compete for the limited number ofq
available binding sites. Hence, the amount of 57Co which becomes

bound will be inversely related to the concentration of vitamin

Bio in the sample.

3.4.2 Serum methyl malonic acid

Serum methyl malonic acid (MMA) was determined by high resolution

. capillary gas chromatography as described by McMurray et al (1986).
This involved an initial extraction of the MMA into ethylacetate
under ncidic conditions, followed _by: - conversion to the butyl
ester usingbButanol/Acetyl chloride. An internal standard, ethyl
malonic acid (EMA) was used to compensate for losses and varia-—

tions accumulated during the analytical procedure.

The concentrations of the MMA and EMA butyl esters present were
measured on a "Packard 439" gas chromatographic machine fitted
with a 25 x 0.2 mm CP-SIL 5B column (Hewlett—Packard) uéing a
flame-ionisation detector. 2.5 pl of the derivatised samplé was
injected into the column using a 2-split injection of 10 hexane:
1 sample. The injector port was at a-temperature of 200°C with
the detector at 280°C. During the chromatography run an oven
temperature profile was used, namely:

(i) 120°C for 2 minutes.

(ii) Temperature rise of 5°C min~! until 150°cC.
(iii) Rapid temperature rise of 40°C min~! until 230°C.

(iv) 230°C for 5 minutes to flush the column.
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3.4.4

3.4.5°
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A print—out of the peak areas of EMA and MMA was obtained from

which the concentration of MMA was obtained.

Neutrophil Function Test

Neutrophil function was determined using a modified candidacidal

test as given by Boyne and Arthur. (1979). Neutrophils were
isolated from EDTA serum by a series of washiﬁg and:centrifuga~
tion steps. The ability of these neutrophils to phagocytose and

kill the yeast Candida albicans was measured after an incubation

of one hour at 37°C, by utilising the fact that dead Candida

albicans stain blue in the presence of the dye methylene blue.

Determination of degree of parasitic infection

Both serum gastrin and pepsinogen were used as blood indices of

the degree of parasitic infection (Chapter 7).

Serum gastrin was measured routinely by fhe "Veterinary
Inveétigational Unit", Ayr, using the "Becton-Dickinson Radio—
immunoassay Kit" following the manufacturers' instructions.

while serum pepsinogen was determined by the modified colouri-—- "
metric method of Porterv(1977),by the "Veterinary Investigational

Unit" at Aberdeen.-

From faeces samples, worm egg counts were made using the McMaster
flotation technique of ADAS/MAFF Parasitology Manual (undated)
for >100 eggs g_l faeces or the Clayton-Lane method as used
routinely by the "Veterinary Investigational Unit", Ayr for

<100 eggs g_l faeces.

‘Ostertagia ostertagi (stage 3) larvae counts

Infective Ostertagia ostertagi larvae were obtained from cultures

maintained at the "Glasgow Veterinary School, Glasgow University"
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at a concentration of approximately 15000 larvae m1™! (see
Chapter 7). - For each weekly batch, the actual amount
present was determined using the counting technique of
Bairden (1988). Doses were made up by pipetting out an
appropriate volume into 20 ml éontainers and adding around

10 ml water.

3.4.6 Routine analysis of blood

Various blood measurements were monitored throughout the
cattle and sheep trials (Chapters 7, 8 and 9). These
included total haemoglobin, using‘Dfabkin's reagent as given
by "Sigma Diagnostics" Procedure No. 525, serum inorganié
phosphorus, plasma glucose, plasma alkaline phosphatase and
plasma aspartase transferase using the appropriate colouri-
.metric kit (Sera-Pak Inorganic Phosphorus Kit,'Sigma
Diagnostic Kit No. 510, Merckotest . Alkaline Phosphatase
Kit No. 3304 and Sigma Diagnostic Kit No. 505 respectively).
In addition, serum‘urea, and glutathione perogidase (GSH-Px)
concentrations present in thle.unclotted blood were carfied
out routinely by the "Veterinary Investigational Unit", Ayr,
using the enzymatic, colouriﬁetric procedure of "BCL Urea
Color Kit,‘Catalogue No. 620235h for urea and an-eﬁzyme-
coupléd colourimetric method based on Paglia and Valentine
(1967) and Anderson et al (1978) for GSH-Px. Further plasma
Cu, Mg and‘Cé cdncentrationé were measured by atomic absorp-—
tion spectroscopy using the roﬁtine methods of the "Analytical

Services Unit", West of Scotland College.

3.5 "STATISTICAL ANALYSIS

All statistical analysis was carried out using statistical computer

packages on a Comart computer. This involved "Minitab" (Ryan et al,
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1981) for regressions and correlations, while analysis of variance

was obtained using "EDEX" (Hunter et al, 1979).
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CHAPTER 4 - ADSORPTION AND DESORPTION OF APPLIED COBALT

4.1

INTRODUCTION

The effectiveness of Co treatment of pasture is determined by the
ability of a soil to adsorb and retain Co in an available form.

Low residual values to Co application have been seen‘(McLaren et al,
1979;. Reith et al; '1983; Evans,'1985; Klessa et al, '1988), where
the increased hefbage Co concentrations obtained during the first

year disappeared by the second growing season. This has been

.attributed to irreversible fixation of Co by iron oxides, clay and

organic matter. (McLaren et al, 1979),‘but more particularly by
manganese coﬁtaining minerals (McLaren et él, 1979; Evans, 1985).
Further, Klessa et al (1988) suggested that the efficacy of pasture
treatment may be best defiﬁed by an adsofption/desorption index,
i.e. the residual value of applied Co may be predicted from soil

properties.

Adsorption of Co on to soil components such as magnanese oxides
(McKenzie, 1967, 1970; Murray et al, 1968; Loganathan and Burau,
1973; Murray, 1975; LoganathanAet al, 1977; Murray and Dillard,
1979; Traina and Donef, 1985), iron oxides (Polgar, 19757 Forbes

et al, 1976; Padmanabhan, 1983; McLaren et al, 1986; Borggaard,
1987), clay minerals (Hodgson, 1960; Kabota and Beeson, 1961;

Tiller et al, 1963; Kabota and fendias, 1973; Mclaren et al, 1986)
and organic matter (Mitchell, 1964; MacCarthy and O‘Cinneide, 1974
McLaren et al, 1986) have been studied. However, less work has been
carried out with the whole soil to determine the relative importance

of these components as Co adsorbing surfaces.

Although Co adsorption has received some attention, little work has

heen carried out to determine the Co desorption characteristics of
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soil. In most sorption studies such as those carried out by

Randhawa et al (1985) and McLaren et al (1986), Co desorption has
oﬁly been a minor component of their work. It is important to note
that even if a soil can adsorb large amounts of Co a proportion will
remain in a form which is desorbable, and, therefore, plant available.
Hence, the soil properties determining the amount of adsorbed Co
which remains in a desorbable forﬁ, may be of mére importance in
governing the residual value of paéture treatment with Co than

those determining the amount of Co adsorbed.

The procedure used to study Co adsorption was very similar to that
tised by Randhawa et al (1984) and»bésed on the method commonly
adopted for phosphate adsorption and désorption. Co adsorption was
carried out at a range of Co concentrations calculated to produce
equilibrium concentrations in solution which could be measured
directly by atomic absorption spéctroscopy. In the work of McLaren
et al (1986) very much lower Co concentrations as 58¢o were used,
the concentration being similar to those found naturally in soil
solution. However, in the study reported here the use of radio-
aétive isotopes was not possible. In addition, the work was carried
out to study the adsorption and desorption properties of Co applied
to soil, rather than the behaviour.bf native Co as investigated by
McLaren. However, by adding unlabelled Co no differentation can be
made between the.Cp’added and the native Co already present on
adsorption sites. Neverthelesé; by using high Co concentrations
the contribution from native Co will be minimal, as the added Co

will be well in excess of natural Co concentrations.

Preliminary experiments were carried out to optimise the procedure
to be used and to determine a working range of Co concentrations,
and optimise the time period over which adsorption and desorption

would be measured.
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ims and objectives of this work were:

To examine Co adsorption characteristics of soils by relating

adsorption data to recognised adsorption models.
To study the Co desorption characteristics of soils.

To investigate the soil properties which govern Co adsorption
and desorption and from the results produce a series of
regression equations which could be used to predict the likely

behaviour of soil applied Co.

4.2.1

‘MATERIALS AND METHODS

Soil sampling and location

For experiménts 1 to 5 a total of fifteen topsqils (0-10 cm)
were investigate& and these were obtained from various loca-
tions (Table 4.1). In Experiment 6, in which the role of pH
on Co adsorption and desorption was studied, samples of one
soil (soil 16) which had been maintained ét different pH
values (4.0-8.2) in the field over a number of years was
obtained (Table 4.1). Surface samples (0-15:cm) were taken

from fallow plots using a- trowel.

The‘reiationship between adsorption and desorption to the
residual value of Co application was determined for two
soils (soils 17 and 18), kindly supplied by C. Evans (ADAS,
Tfawsgoed, Aberystwyth, Dyfed, Wales) and M. Berrow (Macaulay
Institute for Land Use Research, Craigiebuckler, Aberdeen).

The locationsof these soils are given in Table 4.1.

4.2.2 General analysis

For each soil the following properties were determined by

the methods described in Chapter 3:
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(b) Soil properties
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4.2.3

(@)
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(c)
(d)
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pH.
Organic matter, as percentage loss on ignition (% LOI).
Mechanical analysis.

Exchangeable and reducible Mn.

Results are given in Table 4.1.

Preliminary Experimentation: Optimisation of experimental

conditions for Co adsorption/desorption

(a)

Experiment 1 - Determination of the equilibrium time for Co

adsorption

Soil 1 was shaken with a Co solution containing 4.42 pg Co

ml™Y in 0.02 M CaCly for different time intervals ranging.

between 0-168 hours after which the weight of Co adsorbed

per unit weight of air-dried soil was calculated.

The influence of shaking time on the amount of Co adsérbed
is shown in Table 4.2 and indicated that adsorption was
fairly répid with équilibriﬁm being reached after two hours.
Consequently, a two hour shaking time was chosen for all Co
adsorption studies. While Randawa et al (1984) agree 'with
this time interval, others (McLaren et al, 1986; Borggaard,

1987) found that between one to seven days was required.

In this experiment, anaerobic conditions developed after
shaking for 72 hours. As reducing conditions alter the
reactivity of certainvsoil componerits, such as hydrous oxides,
the Co adsorbing capacity may change from that found under
aerobicicondifiohsa. Although this problem could have been
overcome by aerating the samples with bubbled oxygen, it

was felt that since equilibration of the added Co occurred
rapidly, a two=hour shake should be.adequate'for Co adsorp-

tion avoiding the development of anaerobic conditions.



Table 4.2 Experiment 1l: Influence of shaking time on
the amount of Co adsorbed from 4.42 pg Co mt

solution
"Time (hours) | Co sorbed (mg Co/g soil)

0 b. ‘ 6.5

1 12.§
2" 17.7

4 17.8

6 16.4

. 25 © 15.9
30 18.4
72 18.4
78 18.0
96 , 17.2
144 18.1
168 18.0
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(b) Experiment 2 — Determination of an optimum shaking time for

Co desorption

The shaking time required for desorption was determined for
soil 15 after shaking the soil with a solution containing
14.73 pg Co mi™! in 0.02 M CaCly. Once adsorption had taken
place and the supernatant discarded, the soil pellet was
shaken with a Co-frée solution (0.02 M CaCly) for ;-24 hours.

The proportion of adsorbed Co which was desorbed (i.e.

(Desorbed Co

Adsorbed Co 10Q> was calculated.

The effectvof shaking time on 7 desorption is given in

Table 4.3. As with adsorption, desorption was fairly rapid,
with around 56% of Co desorbing within the first half hour
and equilibrium being reached after four hours. However, a
shaking time of two hours was chosen for all the desorption
studies, since such a time interval could be more easily
fitted into a working day and Co desorption was sufficiently
near equilibrium. Similar shaking times were used by
Randhawa et al (1984), but McLaren et al (1986) suggested

longer intervals of -24 hours.

On the basis of the preliminary experiments the following methods

were used:

(a) Co adéorption

The method involved'weiéhing 8.00 £ 0.01 g <2 mm air-dried
soil into 50 ml polypropylene centrifuge tubes into which
40 ml of a solution containing a known Co concentration was
placed. These tubes were shown to have a negligible Co

adsorption capacity. The incubating solution was composed of:



Table 4.3 Experiment 2: Influence of shaking time on
the amount of Co desorbed after adsorption
from a 14.73 ug Co ml ~ solution

Time (hours) % desorption
0.5 , 55.8
1 | 58.9
1.5 59.3
2 61.2
4 . 62.0
24 : 62.0
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(i) 20 ml 0.02 M CaCl, (analar grade).

(i1) A variable Co concentration derived from a stock
solution of 1 mM CoS0; (analar grade). By pipetting,
between 0-20 mls of 1 mM, a concentration of 0-29.47 pug

Co ml~! was obtained.

(1ii) The total 40 ml volume was obtained by adding an
appropriate volume of 1 mM calcium sulphate (CaSOy.

3H,0, analar grade).

After a shaking time of two hours (see Experiment 1) at room
temperature (ZOOC), the samples were centrifuged at 4000 rpm
for 3 minutes before filtering the supernatant throughvfilter
paper (Whatman No. 541) into 20 ml sample cups. The Co .
remaining in solution was measured by atomic absorption
spectroséopy (see section 4.2.5) and the amount of Co sorbed
calculated from the difference between the initial incubating
medium and the equilibration Co concentration, expressed as

Co sorbed g_l soil.

All measurements were carried out in duplicate with a

precision of #2.17.

Co desorption
Co desorption was studied after adsorption had taken place
using the method described in (a). Once the supernatant

was discarded, the soil pellet was re-suspended in 40 ml

0.02 M CaCly by vigorous hand shaking for 2 minutes. The

samples were further shaken for 2 hours on a reciprocating

shaker (see Experiment 2) and then centrifuged at 4000 rpm

for 3 minutes. Co concentration in solution was measured
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by atomic absorption spectroscopy (see section 4.2.5).
Desorption was calculated from the amount of Co desorbed
into solution, expressed as a percentage of the amount of

Co originally adsorbed.

Co analysis

The Co present in solution was determined by atomic adsorption
spectroscopy using an "Instrumentation Laboratory Video II aa/ae
spectrophotometer" with a aneleﬁgth of 252.1 nm, slit width of
80 nm and an oxidising air—acetylene gas supply. At this wave-

length sensitivity was 0.1 pg Co ml~L,

Main experiments

Experiment 3 - Characterisation of Co adsorption

The adsorption chéracteristics of soils 1-8 (Table 4.1) were
determined by inqubatiﬁg each with different Co concentrations
containing between 0 and 29.47 ug Co ml™l. For soils 1 and 2 an
extended isotherm was produced.using higher Co_concentratiqn of
up to 117.88 pe Co ml~! for soil 1 and 58.94 ng Co mi~1 for

soil 2.using Co stock solutions of 2 and 4 mM CoSO,.7H,0.

Experiment 4 — An investigation into soil properties influencing

" Co adsorption

In oraer to determine the soil properties which are of most
importénce in determining Co adsorption, the adsorption charac-
teristics of soils 1-14 (Table 4.1) were investigated using solu-
tions containing 0, 2.95, 5.89 and 7.37 pg Co ml L. - The amount
of Co adsorbed per unit weight of soil from the 5.89 pg Co ml™!
solution waé related to soil pH, organic matter, % sand, 7 silt,
% clay and reducible and exchangeable manganese by carrying out

both single and multiple regressions. In addition, a similar
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regression analyéis was carried out using the gradient of the
adsorption isotherm or Q/I curve as the dependent variable. For
all the soils studied adsorption was linear provided the original

Co solution contained <10 pg Co ml"L.

Experiment 5 - Cb.desorption '

(a) Soil properties influencing Co desorption

For soils 1-15, Co desorption was determined as described
under 4.2.4 (b) after adsorption fromra 14.73 pg ml~ ! co
solutién. During the desorption process, some native as
well as applied Co will be desorbed and measured in the
final solution. However, in most soils this should be

negligible compared with the large amounts of Co added.

(b) Sequential desorption.

The objective of this experiment was to determine whether
the adsorbed Co was desorbed after further additions of a
Co-free solution. In.Experiment 5 (a) desorbtibn was
determined after only one éddition of 0.02 M CaC12,‘whi1e
in this stqdy, desorption was measured after a further four
additions to give a total of five desorption peribds over a

ten hour interval.

(¢) Influence of time on the amount of Co desorbed

After soils 1=15:.(Table 4.1) were shaken with a solution
containing 14.73 ug Co ml™l which was then decanted after
centrifuging, the&'Were oven-dried overnight at 35°C before
being left at room temperature for 2, 7, 21 ‘and 28 days
before carrying out déSOrption. Desorption was carried out
using only one desorption interval as described in

Experiment 5 (a).
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Experiment 6 - Influence of pH on Co adsorption and

desorption

Soil 16 having a pH of between 4.0-8.2 was used for this
work. Adsorption was carried out using an incubating medium
containing 14.73 pg Co al™! and desorption was measured over
five sequential periods as detailed in Experiment 5 (b).
Desorption Qas expressed as a percentage of the amount of

Co originally adsorbed. Percentage adsorption was calculated

as the amount of Co adsorbed from a given addition of Co.

Experiment 7 — Prediction of Co adsorption/desorption

characteristics of soil

For soils 17 and 18 the adsorption and desorption character-
istics were determined as in Experiments 2 to 5 and compared

with the values calculated using various regression equations.

4,3 RESULTS AND DISCUSSION OF EXPERIMENTS

4.3,1 Experiment 3 - Characterisation of Co adsorption

In order to characterise Co adsorption data was applied to
various recognised adsorption models, namely the Freundlich,
Langmuir and Tempkin isotherms. A brief background to these

isotherms is given by Hayward and Trapnell (1964):

(1) ‘Freundlich Equation

This equation is commonly presented in the form:

x = keP

where x is the amount of material adsorbed (ug g_l);
c is the equilibrium concentration (ug ml_l) of
the final solution and,

k and b (where b € 1) are arbitrary constants.
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The Freundlich equation can be linearised to:

log x = logk +b logec

Therefore, when this model holds, a plot of log x against
log ¢ will be linear with a grédient b and intercept log k.
Despite k and b having no thermodynamic grounding they can

be used for comparing different soils and adsorbing species.

When the Freundlich isotherm holds, the?héat of adsorption
fallsllogarithmicaily with increased surface adsorption.
This can result from interactions betﬁeen adsorbing species,
i.e. at low, surface saturation, the adsorbent species can
obtain sites far enﬁugh away from one another to reduce or
prevent interactions but as more becomes adsorbed, interac-
tions are no longer avoidablé. With increased adsorption,
the distance between adsorbed species becomes less and
interactions occur, increasing the energy required for
adsérption. Another possible explanation for logarithmic
decline in.heat of adsorption may lie in the presence of
different adsorption sifeé having différent energy levels
or affinity for the adsorbate. Initially, low energy sites
will be occupied. Few adsorbent species will have enough
energy to enfer high energy sites, so less adsorption will

occur after low energy sites are saturated.

Langmuir Equation

This model was initially developed for adsorption of gases
onto surfaces and has been adapted for.use in studies of
anionic and cationic adsorption by conversion of partial
pressures in the original equation to equilibrium concen-

trations. The normal form of the equation is:
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pqc

" pc

where k is the amount of material adsorbed (pg g-l);
c is the equilibrium concentration (pg mlil) as in
the Freundlich equation;
q is the maximum adsorption, and
p is the equilibrium constant for the adsorption

reaction. This model assumes:

1) the energy of adsorption is constant and independent

of surface coverage;

2) adsorption is localised and takes place only on vacant

sites, to give a monolayer coverage;

3) . maximum adsorption occurs when the surface attains

moholayer coverage.
The equation can be linearised to:

L
oo

+ 1
q

For the Langmuir to hold,a plot of-% against-% will be a

straight line of gradiént %5 and intercept %u

Whereas the Freundlich equation is purely empirical the
Langmuir model can be derived from kinetic, statistical
and thermodynamic derivations and has been applied

frequently to phosphate adsorption.

" Tempkin Equation

This model assumes that the energy of adsorption declines
linearly with increased saturation and is described as

followék
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RT 1 + Aqe .
qo0 1+ Aoce—aqo/RT

where 6 is the fraction of surface covered;
R is the ideal gas constant;
T is the temperature;
qo is the heat of adsorption when 6 = 0

A

o is the effective area occupied by the adsorbed
molecules;
¢ is the equilibrium concentration, and

o is a constant.

By igﬁoring’very high and low values of 6 the equation
can be simplified to:

RT 1o
qo

6 = g Agc

Taking 6 to represent x (the amount of Co adsorbed), and

%% to be a constant kj, the Tempkin equation can be

expressed as:
x = ki log Aqc

For the Tempkin model to hold,a plot of x against log c

should be a straight line.

The adsorption or Q/1 curve was plotted for each soil (Fig. 4.1).
These were obtained By plotting the amount of Co adsorbed, i.e.
(Q)ﬁantity againsf the’equilibrium concentration, i.e. (I)ntensity.
All the soils adsorbed Co to a varying extent ranging from

117.6 pg Co g_l for soil 4 compared to 28.7 pg Co g_l for soil 6.

For all the soils studied curvilinear isotherms were observed
similar to those obtained by Tiller et al (1969) and Randhawa

et al (1984). At low equilibrium concentrations the gradients



_96_

of thé isotherms were essentially linear and although a plateau
of maximum adsofption was not seen for soils 3 and 8, when higher
incubating Co solutions were used for soils 1 and 2 plateaus were
observed corresponding to a maximum adsorption of 280 pg Co g—l
and 75 pg Co g'1 respectivély.' For Co concentrations containing
up to 29.47 },1g'(307m.1_1 the isotherm for soils 4, 5 and 6 appeared

to be linear, with soils 3, 7 and 8 showing a levelling off at

the highest equilibrium concentrations.

The application of the adsofption data to the linearised forms
of the Freundlich, Langmuir and Tempkin isotherm is given in
Table 4.4. With each soil, highly significant correlétion
coefficients were obtained for all three linearised forms of the
equations, suggesting that all three can be applied to Co adsorp-—
tion. Such a situation is impossible since the Langmuir,
Freundlich and Tempkin isotherms indicate that the energy of
adsorption is independent, or logarithmically dependent or.
linearly dependent respectively on increased surface coverage.
In order to test the models further, plots were made of the
predicted adsorption isotherm for the three equations and
compared with the measured values (Fig. 4.1). For each equation
this involved substifuting various values of c¢ (the equilibrium
concentration) info the appropriate equation in Table 4.4 to
determine .the amount of Co adsorbed. 1In the linear portion of
eaéh Q/I curve the meésured and calculated values were very
similar for each equation; However, for soils 1 and 2 where
higher inéubating Co solutions were used the Langmuir model
predicted adsorbed concentrations of Co in soil well below the
actual measured values. For example, for soil 1, the Langmuir

equation predicted a maximum adsorption of around 45 pg Co g_l



Table 4.4 Experiment 3: Co adsorption by 8 different soils as
described by the linearlised forms of the Freundlich,
Langmuir and Tempkin isotherms

Soil Equation af Adsorption equation Shx Coefficiént
no. : correlation
1 Freundlich | 37 logx = 0.75 logc + 1.12 0.080 0.990
Langmuir 1=20.03, 9.02 0.021 0.958
X c
Tempkin Xx = 114,99 logc + 8.69 46 .48 0.877
2 Freundlich 27 logx = 0.74 logc + 0.50 0.138 0.931
Langmuir 1=0.21 4 5,05 0.104 0.727
b4 c
Tempk in X = 22.64 logc + 0.24 6.546 0.853
3 Freundlich 18 logx = 0.75 logc + 1.06 0.036 0.993
Langmuir 1=0.08 ;90,01 0.005 0.993
X c :
Tempk in x = 51.37 logc + 9.65 6.501 0.957
4 Freundlich | 17 logx = 0.62 logc + 1.60 0.107 0.921
Langmuir 1=0.01, 4,01 0.007 0.898
X c
Tempkin X = 71.39 logc + 48.84 17.49 0.857
5 Freundlich 18 logx = 0.74 logc + 1.73 0.039 0.993
Langmuir 1=0.01, 4 01 0.008 0.971
X c
Tempkin x = 77.04 logc + 68.13 14.27 0.928
6 Freundlich | 18 logx = 0.73 logc + 0.38 0.038 0.990
Langmuir 1=0.39 ; 0.04 0.012 0.990
b4 c
Tempkin x = 18.11 logc - 2.99 3.226 0.903
-7 Freundlich 18 logx = 0.69 logc + 0.76 0.022 0.997
Langmuir 1=0.16 ; 9,02 0.005 0.995
X c -
Tempkin X = 29.36 logc + 1.08 3.909 0.950
8 Freundlich | 17 logx = 0.45 logc + 1.31 0.026 0.992
Langmuir 1= 0;03 +0.02 0.003 0.983
X
Tempkin x = 36.80 logc + 20.10 3.547 0.978
N.B. All the correlation coefficients were significant at P<0.001.




aoﬁmsvm uo..ﬁum:vmlwll. uoﬁwﬂvm,
urydumay, 5 : arnuSueT yoTTpUNBI] uot3diospe paansesy

AH..HE 0p 38rf) uorieijzusdUOD wniiqriInby

0% o€ 0¢ 01 0 SL 09 oy 0¢ ST 0
L 3. 1 X 1 i ' L L
[0 \BV\\\\\\ 0
*
L 02 071
*
[ 0% - 08¢
[ 09 0Ty
(1ros [ 3 0D 3n) (110s {_8 o0 8r)
' paqaospe 0) : paqi1ospe 0)
z 1108 (9) A 1 108 (®)

uotidiospe o) poanseswl 03 swisylosT urdwag

pue aitnudue] ‘yYyorTpunaig 9yl uoemiaq dIysuorleTay T°4H 2andTg



(7-T®m 0 8r) uoT3BIULOUOD WNTAQTTINDZ
09 Sy 0°'¢ 1 0 [ 6 9 € 0
el X 1 1 'y 1 L et 1
o O b
- 0% 0¢
" 08 09
*
- 0C1 , 06
(1708 1 8 0D 81f)

)
(110s ;_3 o) 3r)
% 1108 (P) paqiospe o) € 1108 (2) wm@momvm 0D



9 TTos

€y

peqiospe 0)

G TToS

(®)

AHIaE op 8r) uorjeijuULOUOD WNTIIqITINbY
he 8T 4! 9 0 9°¢ L°C 8°'1 6°0 0
—1l I 1 L 1 [ i 1 2 3
. 0 0
=01 06
02 001
L 0¢€ FOST
(11os [ 3 0 3tl) 1tos ; 8 0D 3rl)

pa2qIospe 09



AH..HE 0D 8r) uoTIBIIUSOUOD WNTIGITInbg

91 1 8 Y 0 0z ST 01 g 0
[l { [ 1 Py A R 1 P N
- GE
" 09
-G8 - LS
8 1108 (U) : , L 1108 (8)
(1108 Hlm 3r) (Tros {3 3r1)

peqiospe 0) peqaospe 0)



._.97._

while the measured value was iﬁ excess of 280 ug Co g—l. A
similar but smaller difference was seen for soil 2. In contrast,
both the Freundlich aﬁd Tempkin equations produced isotherms
similar to the measured values. For soils 3 and 8 where maximum
adsorption was not obtained, all three isotherms provided good
agreement between predicted and measured values. In each case,
the Langmuir model underestimated the amount of Co adsorbed at
high equilibrium concentrations, with the Freundlich and Tempkin
models more closely following measured adsorption. Hence, although
the correlation coefficients suggestéd that bOth the Freundlich

and Langmuir isotherms described Co adsorption equally well, when
the predicted isotherm ﬁas compared with measured values, the
Freundlich model produced the "best fit". On the other hand,

while the Tempkin model gave the lowest correlation coefficients,
when the predicted and measured isotherms were compared, good
agreement was seen. From the data available, né differentiation
could be made between the '"goodness of fit" of the Freundlich and
Tempkin isotherms, with both models predicting the adsorption

characteristics of Co reasonably well.

In all previous studies, only the Langmuir model has been applied
to Co adsorption (Tiller et al, 1969; Randhawa et al, 1984). As
with this study, significant linear regressions were obtained,
but no attempt was made by Tiller or Randhawa to check the
validity of fheir work by comparing predicted with measured
values. From the results given here, the Langmuir model did

hold at low equilibrium concentrations, Hence, at the low site
coverage examined by Tiller it is not surprising that the adsorp-—
tion of Co predicted by the Langmuir isotherm followed the

observed pattern. Hayward and Trapnell (1964) stated that as a
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matter of principle to test the fit of data to one particular

adsorption model a large concentration range should be used.

In this study, both the Freundlich and Tempkin models appeared to
givé the béstrfit to the data suggesting that the energy of
adsorption declines with increésed surface coverage. This is
normally due to interactions between.adsorbed and adsorbing ions

and can be of two types:

(a) Charge repulsion in which the approaching ion is repélled by

the adsorbed ion.

(b) -Size exclusion where the physical size of the adsorbed ion

prevents another ion approaching a vacant site.

As little 1is known about the form in which Co is adsorbed, it 1is

difficult to assess Whiéh of these mechanisms is operative. In a
detailed study of Co adsorption using montmorillonite, Hodgson

et al (1964) suggested that no charge was associated with Co once
it was adsorbed. If this is the case for all adsorbingbsurfaces,
the size exclusion factor may best explain the decline in ehergy

of adsorption with increased surface saturation.

On close examination of the Freundlich equations obtained for

soils 1 to 7 (Table 4.4), it can be seen that the gradient (b)

was similar in all cases (Mean 0;72 + 0.03 S.D.). This suggests
that the adsorption mechanisms involved in each of these soils was
similar. Co adsorption is known to dctur onto. various soil
.components (e.g. organic matter, clays and hydrous oxides) and it
is unknown whether each useé'the same process. However, if Co
adsorption is dominated by one soil constituent, the overall

mechanism will be similar for each soil. On examination of

Table 4.1, it can be seen that soils 1 to 7 contain very much
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higher reducible manganese contents than soil 8 which produced

a very much lower value of b (0.45), with all other soil proper-

ties being similar.

This suggests that manganese may be important

in determining the mechanism of Co .adsorption in the soil. How-

ever, reducible manganese only measures a fraction of the total

manganese present in a soil and gives no indication of the forms

or concentrations of manganese minerals present.

Experiment 4 = An investigation into soil properties influencing

Co adsorption

(a)

Correlation between soil properties and the amount of Co

adsorbed

The amount of Co adsorbed from 5.89 Fe Co ml™}t solution was
related to soil pH, organic matter (% loss on ignition),

% sand,‘Z silt, % élay, manganese (exchangeable and reducible)
by carrying out both single and multiple regressions. Only
the mineral‘soils were used in the regression analys$is, with
the two peats (soils 9 and 10) excluded. Those correlations
which were significént aré shown in Table 4.5. Soil pH was
the only sinéle property which significantly (P <0.05%)

influenced Co adsorption, with increased pH resulting in

~ greater amounts of Co being adsorbed. The correlation

coefficients were further improved by combinations of:

(i) pH, % sand.
(ii) pH, % loss on ignition.
(iii) pH, 7 silt.
but multiple regressions of the combinations of pH, % loss

on ignition, 7 sand (or % clay) failed to increase the

correlation coefficients significantly.
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The strong influence of soil pH on Co adsorption has been observed
by others (Tiller et al, 1969; Padmanabham, 1983; McLaren et al,
1986; Borggard, 1987; Anderéon and Christensen, 1988) and has been
attributed to the pH-dependent adéorption capacities of the clay
minerals (Hodgson, 1960), goethite (Padmanabham, 1983), hydrous
,manganése oxides (Loganathan et al, 1977). As pH rises the negative
charge present on pH-dependent charged surfaces increases (Wild,
1988) and, therefore, leads to a greater number of potential adsorb-

ing sites.

No single soil component is highlighted as showing a strong affinity
for Co. When the amount of Co adsorbed was correlated with the
various soil components positive (non-significant) correlation
coefficients were obtained with 7 organic matter (as % loss on
ignition), % silt, % clay and Mn (exchangeable) and negative (non—
significant) correlation coefficients with %Z sand and Mn (reduéible).
Hence, as the amounts of organic matter, silt and clay increase,
more Co is adsorbed. However, soil is a highly complex matrix made
up of various organic and mineral components in close association,
making it difficult to attribute Co adsorption to any one component.
For example, Hodgson (1969) found Co adsorption bn to clay was
greatly enhanced after the iron oxide coatings were removed. There-
fore, even if an isoiated soil constituent is shown to adsorb Co,
when present in soil the various interactions which take place
between the different components are 1ike1y to alter its reactivity

to Co.

In this study only exchangeable and reducible manganese were
measured, no account being taken of either total manganese or iron
content. Borggaard (1987) found no significant correlations between

Co adsorption and EDTA extractable manganese. However, when total
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Manganese was used, McKenzie (1967) found a strong relationship.
between Mn and Co adsorption. Since total Mn was not measured in
this study, no conclusions can be made regarding the role of Mn

minerals except that the Mn content measured as exchangeable or

‘redﬁcible Mn had no effect on Co adsorption. In the work of

Borggaard (1987) a strong association was shown between Co adsorp-
tion and the iron oxide fraction, and McLaren et al (1986) suggested

that the soil oxide fraction showed the strongest affinity for Co.

As shown by other workers (Tiller et al, 1969; Borggaard, 1987;
Anderson and Christensen, 1988) non-significant correlation
coefficients were obtained when % loss on ignition was regressed
against Co adsorbed, despite the fairly large adsorptidn capacities

of the two péats (soils 9 and 10) (Table 4.6).

No significant correlation coefficients were obtained between Co
adsorption and clay content, despite - clay .  having been shown to
have a strong affinity for Co (Hodgson, 1960). However, various -
clay minerals show different affinities for Co (Tiller et al, 1963)
and their relétive proportions will govern Co adsorption. In addi-
tion, the adéorption sifes present on ciayrsurfaces are masked by
various other components such as hydrous oxides, and organic matter
and adsorption sites on clays may become inaccessible to Co. Indeed
McLéren et al (1986) suggested that clays may be. of minor impbrtance
in Co adsorption and this’certainly éppears to be the case in this
work. While Randhawa (1984) did find a significant relationship
between clay content and Co adsorption, this may haveAbeen due to

oxide and organic matter coatings on the clay surface.



Table 4.6 Expériment 4: The amount of Co adsorbed by the
various soils from a 5.89 pg Co m1~L solution

Soil No. Co adsorbed (ng Co g-l soil)
1 22,7
2 ' 8.1
3 - 18.6
4 28.0
5 27.2

6 | 8.1
7 - 13.7
8 23.9
9 19.3
10 19.8
11 21.2
12 17.9
13 25.4
14 9.2
15 15.8
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Correlations between soil properties and the gradient of the Q/1 curve

When the gradient of the Q/T curve was regressed against various
soil properties no single properfy gave a significant correlation
coefficient as was also found by McLaren et al (1986). For multiple
regression, significant‘cofrelation coefficients were obtained
between gradient versus 7Z loss on ignition and pH,.and gradient
versus % sand and pH (Table 4.7). Howeﬁer, further multiple
regression of pH, 7% loss on ignition, 7% sand versus gradient gave
no improvement in the correlation coefficient, ﬁhile the combina-
tion of pH, 7 1oss on ignition and 7 clay produced the highest
correlation coefficients and significantly improved explained vari-
ance over that of pH, % loss on ignition and pH, 7% clay, despite
the latter multiple fegression giving a non—significant.correlation
coefficient. Various other workers have shown the influence of
clay on thevgradiént of the Q/1 curve, but found no effect of
organic matter (Tiller et él, 1969;_Randhawa et al, 1984). The

two peats (soils 9 and 10) gave fairly high values for the grédient
(Table 4.8), with soil 9, which had the highest 7 loss on ignition,
giving higher values than soil 10. No relationship was observed
between Mn (as exchangeable or reducible) aﬁd the gradient of the
Q/1 curve. However, total Mn has been shown to significantly
influénce the gradient (Tiller et al, 1969; Randhawa et al, 1984).
Hence, although exchangeable and reducible Mn do not affect the

gradient, the influence of Mn cannot be dismissed.

The gradient of the Q/1 curve gives a measure of the buffering
capacity of a soil, i.e. as soil solution concentration falls Co

is released from adsorption sites, to replenish the supply. Such

a measure of Co adsorption is more useful than using one adsorption
point on the adsorption isotherm, but checks must be made to ensure

the data points used do correspond to the linear portion.
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Table 4.8 Experiment 4: Gradient of the Q/.T. curve
for the various soils

Soil No. Gradient of

the Q/I curve
1 9.41
2 2.09
3 7.70
4 - 17.30
5 49,02
6 0.94
7 3.25
8 10.35
9 14.86
10 6.28
11 33.36
12 C 2427
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It has been suggested (Klessa et al, 1988) that the efficacy
of Co treatment could be measured in terms of an adsorption/
desorption index. From a.fegréssion equation relating the
soil properties to Co adsorption it should be possible to
predict what will occur when Co is applied. As the gradient
of the Q/I curve is more universally applicable than the
amount of Co adsorbed from a single Co solution of known
concentration, the former would appear to be the best
measurement to use in helping to predict the residual value

of applied Co to pasture.

4.3.3 Experiment 5 — Co desorption

(a) Soil properties influencing Co desorption

The % desorption values obtained for soils 1-15 are given

in Table 4.9. These were then regressed against soil
properties (Table 4.10). Both organic matter and soil
texture influenced 7 desorption but pH was the most important

factor governing the degree of desorption.

(b) * Sequential Co desorption

The objective of this experiment was to mimic in an acceler-
ated fashion what occurs in the soil situation where plant
uptake will continue to deplete the soil solution concentra-
tion. Initially, the soil solution will be replenished by

readily desorbable Co followed by less easily available Co.

After five sequential desorbtion periods, all the Co was
desorbed from seven of the thirteen soils studied. Regression
analysis was carried out using the 7 desorption value obtained
after five sequential two hourly shakes with 0.02 M CaClyp

versus the soil properties (Table 4.11). The results indica-



Table 4.9 Experiment 5(a): Adsorption and desorption characteristics of
soils 1-15 after adsorption from a 14.73 pg Co ml_l solution

Soil cgggii:E;zTon co SOEEed co desgibed' >% desorption
(g Co ml_l) (ng Co g soil) (g Co g soil)
1 4.2 52.8 _ 1i.8 33.6
2 9.9 24.3 18.3 75.1
3 7.1 ! 38.3 ‘ 21.8 56.8
4 1.7 | 65.3 9.5 14.5
5 1.4 66.6 . 9.0 | 13.5
6 12,2 | | 12.5. 15.1 >100
7 9.5 " 26.0 17.5 67.4
8 8.0 . 33.5 9.4 28.1
9 2.1 - 63.4 13.3 . 21.0
10 8;2 , 69.5 32,0 46.0
11 8.3 69.2 30.3 ‘ 43.8
12 12.3 49.0 33.8 69.0
13 5.2 ' 84.3 23.4 27.7
14 17.4 23.4 ' 25.4 >100
15 12.3 53.0 34.0 64.1
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ted that this was strongly influenced by pH with a smaller contri-

bution from organic matter and mineral components.

For all the soils studied, most desorption occurred during the first
two desorption periods. Three groups of soils can be identified as

showing different desorption characteristics (Table 4.12):
(i) Desorption complete after 5 x 2 hour séquential desorptions.
(ii) 50-99% desorption after 5 sequential desorptioms.

(iii) <507 desorption after 5 sequential desorptionsf

For soils in group (i) (except soil 6 which showed complete desorp-—

tion in 2 hours) around 60-80% of the adsorbed Co was desorbed

within the first two hours, with most of the rest desorbing by

6 hours. TFor soils in groups (ii) and (iii), the greatest amount

of desorption occurred during the first four hours (between 50 to
75% of the fotal A desorption), with the rate of desorption levell-
ing off between 4 and 10 hours to give a linear désorption rate with
time. These findings can be explained in terms of the soil proper-—
ties given in Table 4.1. All the soils, except soil 9 and 11, with

pH <6.00 showed a rapid desorption, and belonged to group (i), while

‘those soils in groups (ii) and (iii) had pH >6.00. Hence, pH would

appear to be the main factor influencing the rate of desorption,
although organic matter content was also involved, e.g. the peat

(soil 9), despite a very acidic pH (pH 3.30) belonged to group (ii).

Influence of time on the amount of Co .desorbed

The % desorption of each soil was measured after 2, 7, 21 and 28
days (Table 4.13). TFor all the soils, except the two peats (soils 9
and 10) and soil 12, which had the highest 7 loss on ignition of the

mineral soils, a decrease in % desorption was found after two days,



Table 4.12 Experiment 5(b): Sequential desorption (after adsorption
from Co solution of 14.73 pg Co ml_l)

% desorption after
Soil no. '
0-2 hrs 2-4 hrs 4-6 hrs 6-8 hrs 8-10 hrs

(i) Desorption complete within 10 hours

2 78 100 :

3 59 88 99 100
6 100

7 69 95 100 v
10 50 79 97 -100
12 68 100
15 66 98 100

"~ (ii) 50-99% desorption within 10 hours

8 35 49 53 56 58

9 23 44 58 69 71
11 40 63 74 80 85
13 26 43 51 56 60

(iii) <50% desorption within 10 hours

4 16 27 34 40 45
5 16 28 - : 36 42 47




Table 4.13 Experiment 5(c): Influence of time on % desorption

(after adsorption from 14.73 pg Co ml — solution)
% desorpfion after
Soil '
0 2 days 1 week 3 weeks 4 weeks

2 75 64 56 61 56
3 57 41 40 35 36
4 15 8 8 5 7
5 14 ll. 8 7 8
6 100 100 100 100 100
7 67 45 39 40 40
8 28 6 7 4 5
9 21 22 24 23 24
10 46 50 52 52 56
11 41 27 28 23 23
12 66 70 72 60 63
13 24 9 8 5 6
15 63 47 45 44 44
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with a further decline after one week. No major change in % desorp-
tion occurred between samples left 7 days and those left for 28 days.

Soils 9, 10 and 12 showed the same % desorption irrespective of time.

For each soil,excepf soils 9, 10 and 12, the mean % desorption wés
calculated between 7 and. 28 days and taken as a percentage of the
quantity of Co desorbed at 0 days. . The value calculated was then
regresséd with the soil ptoperties (Table 4.14). Soil pH strongly
influenced 7 desorption after 7 to 28 déys with both soil ﬁexture
and reduéible manganese (but not exchangeable manganese) having some
effect on the desorbability of Co with fime. From Table 4.14 it
can be seen that as reducible Mn content increases, desorption

declines.

Discussion of the factors determining % Co desorption

Soil acidity is the main factor determining the proportion of
adsorbedeo.which remains in a form which is readily desorﬁed.

Very little work has been published'on the desorption characteristics
of Co but information is available on the efficacy of Co application
to pasture as a means of coﬁnteracting Co deficiency. 1In such
circumstances soiis of naturally high pH or limed soils have been
observed to have very low residual values (Nicolls and Honeysett,
1964). The: work described here suggests this may be a direct
effect of strong Co binding to adsorption sites at high pH. 1In
addition, for mineral soils, a variable amount of adsorbed Co,
although initially readily desorbable, becomes more tightly bound
with time. 1In organic soils, a greater proportion remains desorb-
able compared'to mineral soils, irrespective of how long the sample
is left. This may explain the fact that when Co is applied to peats

in the field the effect of CoSQ, treatment remains for as long as
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thirteen years while some mineral soils show a poor residual effect
of CoSO; sometimes in as short a time as two years (Evans, 1985;

Klessa et al, 1988).

As solution Co concentrations decline all the soils studied showed
that some of the adsorbed Co can be released to replenish the soil
solution. For the majority of the soils investigated almost all
the adsorbed Co was released after incubating five times with a Co-
free solution. In sotl, such abrupt changes in soil solution con-—
centrations will not occur. Instead, plant uptake will slowly
reduce solution Co leading to a gradual deplefion rather than a
dramatic change in Co concentration. Thus, in the field situation
a proportion of the Co measured as readily desqrbable (i.e. after.
2 hours incubation) is likely to bgdome fixed as a result of the
longer time the Co remains on the adsorption site. The situation
is further complicated by various plant factors.‘ Plant roots
release various exudates which alter the soil conditions in the
vicinity of the root surface. For example, some of the organic
exudates produced may have a strong affinity for Co and desorb Co
which is tightly bound and which might not Be desorbed by salt
extraction. Therefore, although the results from the sequential
desorption experiment indicate  what might happen as plant uptake
reduces soil Co concentration in solution other factors must also

be considered.

In the present study, both organic matter and soil texture were
identified as the most important factors detérmining Co desorption
in the short term with texture and reducible Mn content being more
important over longer periods. When individual soil components
were investigated; McLaren et al (1986) found that Co adsorbed by

humic acid and montmorillonite was much more readily desorbed than
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that held by soil oxides. Further, he suggests that with
time Co will become redistributed and be found mainly in
association with the stronger binding soil oxides. In this
respect, McKenzie (1967) proposed that the mechanism of Co
adsorption on to Mn oxide minerals involved a slow irrevers-—
ible migration into the actual oxide lattice. Initially, Co
remaining on the surface will be relatively easily desorbed,
the ease of deéorption declining with time. In-additicn,
some cf the desorption characteristics attributed to the

clay and silt fractions will actually be due to soil oxides
or organic material coating mineral particles. Hydrous oxides
found in association with silt and clay particles will adsorb
Co more strongly than the clay particlesAthemselves (McLaren
et al, 1986) and so reduce the amount desorbed from clay and

silt.

Experiment 6 — Influence of pH on Co adsorption and desorption

As expected, pH has a large effect on the quantity of Co adsorbed
and desorbed. With increased pH, the amount of Co adsorbed
increased (Table 4.15). Almost total adsorption of the added Co
occurred at pH >7.0 and over thevrange pH 4;0—7.0.the amount of

Co adsorbed increased 1inearly with increasing pH. Desorption
became more difficult at high pH valucs (Table 4.16). At a pH <5,
all the adsorbed Co was released during the first desorption period.
As pH increased the amount of Co desorbed during the first period
wésAreduced‘progressively. At pH >6, less than half of the
adsorbed Co was released even after five sequential desorptions
with the two soils of highest pH (around pH 8).showing no desorp-—
tion of Co. Hence, in practical terms, application of Co in the
field to similar soils of pH 6.0 will probably be of little

benefit in elevating herbage Co concentrations. At such pH



Table 4.15 Experiment 6: Influence of pH on adsorption from
an initial Co solution of 14.73 pg Co ml~1 :

% of maximum

pPH Equilibrium concentration Co sorbed

(Lg Co ml_l) (Lg Co g'l soil) adsorption
4.0 13.3 7.1 9.6
4.9 12.2 12.5 16.9
5.3 8.4 31.8 43.2
5.7 5.8 45.0 61.6
6.0 3.4 56.7 76.9 .
7.0 0.8 69.4 94.3
7.5 0.3 72.3 98.2
8.0 0 73.7 100
8.2 0 73.7 100




Table 4.16 Experiment 6:

Influence of pH on desorption
after an initial adsorption from a Co solution
of 14.73 bg Co m1~t

% desorption after
pPH —
0-2 hrs 2-4 hrs 4-6 hrs 6-8 hrs 8-10 hrs
4.0 100
4.9 100
5.3 56.7 78.1 84.5 91.8 92.0
5.7 ND 50.4 52.5 53.0 53.0
6.0 25.9 41,2 48.9 49.0 49.0
7.0 7.7 14.2 18.1 21.6 24.7
7.5 2,7 5.4 7.1 8.6 10.0
8.0 0 0 0 0 0
8.2 0 0 0 0 0
ND = not determined
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values the irreversible binding of Co to the adsorption sites,

reduces the availability of the applied Co.

The role of pH in determining Co adsorption and desorption has
been investigated by various workers (Healey et al, 1968; Murray,
1974, 1975; Loganathan et al, 1977). Healey et al (1968) found
almost complete adsorption of added Co at pH 7 with an abrupt

increase in Co adsorption between pH 6.5 and 7.5.

At low pH, Co will be held by ~ -cation exchange

on the surfaces of organic materials, clays and manganese oxides.

For pH >3 (pbint of zero charge of
carboxyl groups present om organic métter) all these surfaces
will carry a negative charge, i.e. the organicAmatter from the
hydrolysis of carboxyl groups, clay‘minerals from the permanent
negative charge induced &uring clay synthesis and mawganese oxide
minerals from the hydrolysis of surface hydroxyls:.: (point of zero
charge pH 1-5 (Murray, 1974)). As pH increases further additional
hydrolysis of hydroxyl groups of the Mn mineral surfaces and clay
edges will produce more negatively charged sites which can attract
and bind Co. At low pH, specific bonding of Co is fairly weak and

desorption appears to occur readily.

At high pH (pH 6.0-8.0) adsorption increases. This can be

accounted for by various reasons:

(1)  Increased negative charge due to the dissociation of surface

hydroxyl groups present on hydrous oxides, é.g. point of
zero charge for aAl,05 is pH 7.6 and for a Fe,y04 is pH 8.5

(Murray, 1968).
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Présence of different forms of agueous Co. Loganathan

et al (1977) suggest that at pH 6.0 the concentration of
the first hydrolysis product, CoOHY, increases to signifi-
cant amounts and may show preferential adsorption compared
to Co%*, i.e. Co?* + H,0 = CoOH* + HY R, = 4.4

However, Healey et al (1968) suggest that Co2* remains the

‘dominant species in solution at pH 6.5 to 7.5 and concluded

that the hydroxy form could not account for increased

adsorption.

Precipitation of cobalt hydroxide. At pH 9.0 (Jenkins and

Jones, 1980), precipitation of cobalt hydroxide (Co(OH)j,)
occurs. Loganathan et-al (1977) pro?ose that interface
"precipitation'" of cobalt hydroxide is seen even when
conditions are not achieved for the formation of Co(OH)j

in the bulk solution. Further, Healey et al (1968)
proﬁosed that the hydroxide concentration immediately next
to the adsorbing surface may be higher than that found in
soil solution and nucleation of a hydroxide precipitate may
occur at pH vaiues lower than would be exéected in the bulk
solution. ‘Hence, the increased adsorption at higher pH may
be due to precipitation of Co(OH), on the'various adsorbent
surfaces. Such férms will be ﬁnavailable for plant uptake
and no Co will be desorbed when placed in a Co-free solu-

tion.

To céncludegl Co sorbed at low pH is bound by relatively
weak bonds and is readily desorbed, but as pH increases
the bonding involved becomes stronger and at high pH
precipitation as cobalt hydroxide may prevent desorption

from taking place.



4.3.5

- 110 -

Experiment 7 — Prediction of Co adsorption/desorption character-

istics of soil

The objective of this work was to study the adsorption and
desorption properties of soil in relation to the use of cobalt
sulphate and its residual value. In order to carry this out . a
range of soils was required for which the effectiveness of Co
treatment of pasture was known. As détailed in section 4.2 only
two such soils were obtéined and this section of the work could
not be carried out. However, these soils did provide the oppor-
tunity to compare the measured and predicted values of adsorption

and desorption of Co using the’following relationships:

(i) Amount of Co adsorbed from an initial solution of 7.37 ng

Co ml™L,
(ii) Gradient of the adsorption isotherm.

(1ii) 7% desorption after adsorption had taken place from a solu-

tion containing 14.73 pg Co ml™L,

- The properties of the two soils are given in Table 4.1. Adsorp-

tion and desorptién Werebmeasured'by the methods used previously
and compared with the values obtained after substitution of the
soil properties into the various equations (Table 4.17). In
order to assess the ability of the various regression equations
to'predicﬁ the adsorption/desorption broperties ofnsoils the
differences between the measured and predicted values were

determined:

- (1) "Amount of Co adsorbed from an initial solution at 7.37 ug

Coml™!
All the equations gave values which were in reasonable

agreement with the measured values.



Table 4.17 Experiment 7: Comparison between actual and
calculated values for the various regression

equations -
Predicted value Measured value
. for soils for soils
Properties :
17 18 17 18

(i) Amount of Co (ug g—l) adsorbed from a 7.37 pg Co ml™t

solution
PH, % loss on ignition 31.4 32.5 :
*pH, % sand 41.1 35.7 35.7 34.1
PH, % silt 30.4 37.1

(ii) Gradient of adsorption isotherm

PH, % loss on ignition 25.6 27.3

pPH, % sand 41.3 31.5 - 65.8 32.6
*pH, % loss on 42.1 22.6

ignition; % clay

(iii) % desorption after incubation with 14.73 pg Co mi~t

solution
pPH 1 45.5 32.6
PH, % loss on ignition 24.8 17.3 0.72 5.1
*pH, % sand 2.8 7.9
pH, % silt 26.4 - 2.6

*equations giving the highest correlation coefficients
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(ii) The gradient of the adsorption isotherm

In general, the equations tended to under-estimate the
gradient of the isotherm. This was particularly so for .
soil 17, where all the equations gave a predicted value of
aimost half that of the measured &alue. Soil 18 gave better
agreement with the equation inyolving PH and 7 sand giving

very similar values to those obtained experimentally.

(iii) 7% desorption after adsorption from 14.73 pg Co ml~! solution

The equations over—estimated the values with soil 17 giving

the poorest agreement.

Hence, the regression equations formed to predict various adsorp-
tion and desorption propertieé of soil gave reasonable agreement
ﬁith values obtained experimentally and show promise as a method
of predicting the Co adsorbing and desorbing characteristics of
unknown SOils. The prediction of desorption appears to be the
more difficult., A lot more work is required in order to form a
more accurate model such as a study involving more soils with a
wider range of soil properties. However, this work highlights
the areas reﬁuiring investigation. TFor example, soil 17, which
produced the poorest agreement with the Vérious models, contained
almost double the reducible Mn content of any of the soils used
in formulating the various equations. At such high levels,
reducible Mn may be more important than was previously suggested.
In addition, other properties, in particular the role of hydrous
oxides merits further experimentation‘befOre a model to predict

the residual value to Co application can be produced.

Despite soils 17 and 18 showing almost identical adsorption from

7.37 pg Co ml~L solution, large differences were observed in
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their residual response to cobalt sulphate application (the

1 as hydratedbcobalt sulphate

application of 0.6 kg Co ha”
remained effective for léss than one year for soil 17, compared
with over three years for soil 18). Therefore, a single adsorp-
tion value cannot be used to determine thé likely response to
cobalt sulphate aﬁplicatidn in-the field. On the other hand,
both the measured gradiént of the Q/T curve and the % desorption
after an incubation with a solution containing 14.73 pg Co ml~1
did differentiate between the two soils in that soil 17 which had
the greater buffering capacity for Co from adsorption studies
showed the poorer.residual effect of applied cobalt sulphate.
These indices would appear to show more promise as predictivé

equations but as stated earlier require further study in order

to formulate a more accurate model.
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CHAPTER 5 - THE INFLUENCE OF pH AND GRASS SPECIES ON HERBAGE

COBALT

5.1. INTRODUCTION

In recent times land improvement schemes have been identified as
producing a greater incidence of Co deficiency in grazing ruminants
(COSAC/SARI, 1982). Such systems involve liming and the introduc-—
tion of better quality grasses which have both been recognised as

major factors reducing herbage Co content.

Various workers have shown that herbage Co coﬁcentrations decrease
with increased bH and are particularly affected by liming (Ekman,
19523 Hill et al, 1953; Wright and Lawton, 1954; Percival et al,
1955; Archer, 1955; Mitchell, 1972; Mclaren et al, 1987; Klessa

et al, 1988). However, for soils with pH 26; further liming appears
to have little effect (Wright and Lawton, 1954} .McLaren et al, 1987;
Klessa et él, 1988). For soils with pH <6, small changes in soil

acidity result in large alterations in herbage Co concentrations.

The differing Co concentrations of various grass species grown
under the same conditions have been well documented (Hili et al,
1953; Mitchell, 1954; Mitchell et al, 1957; Voss and MacPherson,
1977; Klessa et al, '1988), but the Co content of grass species
normally used in an upland re-seed has not been examined specifi-

cally.

Two experiments were set up to investigate both the role of pH and
grass species»on herbage Co. In a glasshouse pot trial,
experiment 1, the influence of pH on grasses recommended for an
upland reseeded pasture was studied. By using a soil known to

produce Co—deficient pasture, the effect of pH was investigated on
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an unlimed and limed soil (pH>5.0—6.5). The aim of this work was
to identify the critical pﬁ values, above which pasture Co concen-
trations fall below the deficiency threshold, as well as determining
thé grass types of most importance in governing the Co content of
the sward. In addition,Athe work aimed to see wﬁether all grass
species are eQually affected by pH or Whetherveach grass type shows
a different response to changes in pH. In’coﬁtrast Experiment 2,
examined the éffect of speciés on the Co content of swards in the
field. At two different locations, the same grass types were grown
under - ‘'a low or borderline soil Co status, in order to determine
Whethér,such soils'produced similar treﬁds in Co concentrations

for the various grasses.

The aims of these two experiments were as follows:

(i) To.quantify the relative effect of soil acidity and the

herbage Co content of various grass species.

(ii) To investigate the critical pH values above which Co status

of the pasture is adversely affected.

- (i11) To study how Various grass seed mixtures will affect Co
content of the sward and, “thus, influence the supply of Co

to the grazing ruminant.

5.2 MATERIALS AND METHODS
5.2.1 Soils
The location of the soil (soil 1) used in the pot trial
(Experiment 1) is given in Table 5.1. Such a soil is
regarded as being highly likely tb produce Co-deficient
pasture.(COSAC/SARI, 1982). A representative sample was
obtained of the topsoil (0-10 cmj and was then riddled,

dried and milled to <2 mm as detailed in Chapter 3.
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Details of the location of the two field sites (soils 2 and 3)

used in Experiment 2 are given in Table 5.1.

The properties of the soils (Table 5.1) were determined on soil
samples taken at the beginning of each experiment by the methods

given in Chapter 3.

Soil pH adjustment (Experiment 1)

For soil 1, the amount of calcium hydroxide required to obtain a
range of pH values was determined by carrying out a lime require-
ment determination as detailed in Chapter 3. The nominal pH

levels chosen for the study were as follows:

Individual'grass species: pH 5, 5.5, 6 and 6.5;

Grass mixture: pH 5, 5.5, 5.75, 6, 6.25 and 6.5.

Grass species

(a) Experiment 1 - Grass species and pH pot trial
"Lambhill/86" mixture (Sinclair McGill, Scotland plec) was
- chosen as the study material. This mixture is recommended
for use in an upland re-seed (Watson, 1985). As well as
using the mixture all the individual constituent grasses
(made up of the cultivars used in the correct ratio) were
.ihvestigated.> The "lambhill/86" mixture was composed of

(cultivar in brackets):

62% Perennial ryegrass (3 Melta Tetra:2 Premo:2.5 Morenne:
1 Preference:2 Springfield)
9% Italian ryegrass (Dalita)
147 Timothy (2 Goliath:1 Kampe)
6% Red fescue (Echo)
3% Meadow grass (Erite smooth stalked)

67 White clover (8 Huia:l Kent wild)
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(b) Experiment 2 - Grass species field trial

Grass samples were obtained from two sites (Table 5.1)
established by the "Agronomy Department, West of Scotland
College". These wére set up as "Observation Plots" to study -
grass speciles used or suggested for use in upland re-seed
mixtures, as affected by ease of establishment, frost hardi-
ness and durability. The grasses were sown on 25ﬁh Augusf
1983 at Balig Farm (soil 2) and 12th August 1986 at
Sclenteuch Farm (soil 3) in single 1.2 m x 4 m plots with a
small discard of around 20 cm between plots. The grass
species with their respective cultivars are given in
‘Table 5.2. As nolclover plots were available at Balig,
clover samples were obtained from the discards after separ-—
ation from the grasses, while at Sclenteuch clover was taken
from grass/clover plots. Hence, at both sites an indeter-
minate mixture of both white and red clover was obtained

. made up of various cultivars. For the grass specieé made
up of different cﬁltivars, each cultivar was sampled from
its respective plot and bulked with the other cultivars to

give one composite sample.

Establishment of grass and pH pot trial

For each pot, 2 kg of dried, milled soil (<2 mm) was mixed by
hand in a bucket with 2 litres of perlite. Dried, milled soil,
although producing a homogenous mixture, lacks soil structure
and the>perc01ation of water through the soil tends to be slow,
increasing the risk of waterlogging. As Co availability is
strongly influenced by drainage status, inert perlite was added
to increase tﬁe rate of water movement. Each pot received a

basal dressing equivalent to 60 kg N hafl, 130 kg P05 ha”1l,
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100 kg K,0 ha~l as ammonium nitrate, calcium hydrogen phosphate
and potassium chloride reépeétively, calculated tOVSupply the
plants'requirément of N, P, and K (SAC, 1985) plus the appropriate
amount of calcium hydroxide to obtain the desired pH (see 5.2.2).
After thorough mixing the soils were transferred to plastic pots
contéining four draining holes and slits around the sides to
ensure adequate drainage. Before sowing, each pot was'wetted up
with tap water and the seéds then scattered over the surfacé with
a 1 cm layer of perlite placed over the top. The seedihg‘rate
was 2.5 g pot_1 for the mixture, perennial ryegrass, Italian rye-
grass, timothy, red fescue and meadow grass, and a higher rate of
5¢g pot_1 for white clover. These rates were chosen in ordef to

obtain a high plant density.

The pots ﬁere arranged in a randomised block design of four
blocks on four trestle tables’in the glasshouse. Each block
contained 30 treatments (Table 5.3) arranged in a randomised

6 x 5 arrangement. No affificial lighting or heating was used
since it was difficult to ensure constant conditions throughout
the glasshouse. The pots were watered using tap>water in a
plastic watering can to the draining tray and soil surface as

required.

Six weeks after sowing, all the grasses showed poor, ﬁatchy
growth. bn examination of the surface of the pots it was found
that the surface perlite had formed a compacted layer through
which it was difficult for the grasses to penetrate. Due to
disturbance in the transference of the bots from the laboratory
to the gIasshOuse both the seeds and surface perlite had become
redistributed to give patches containing a large number of seeds

below a thick 3 cm layer of perlite. To rectify this problem all



Table 5.3 Experiment 1: Experimental treatments for grass
species and pH pot trial

Nominal pH
Grass '
5 5.5 5.75 6 6.25 6.5
Mixture 4 4

Perennial ryegrass
Italian ryegrass
Timothy

Réd fescue

Meadow grass

L R N U W W N
L W W O U R N
L N U S W W
A W U U U W N

White clover




- 118 -

the surface perlite and grass was removed from each pot. The
seeds were re—sown at the same rates as before, except for the
white clover which waé reduced to 2.5 ¢ pot_l since the previous
rate appeared to be too high. A thin layer of very fine grade
perlite was plaéed over the seeds and water supplied as a fine
mist to the soil surface in an attempt to reduce the danger of
surface capping, with the bulk of the watef put in the draining

tray.

While these measures were successful for most of the grasses, the
finer grésses of red fescue and meadow grass continued to show
poor growth six weeks later. For these grasses, the plants were
removed and re—-sown. Before re—-sowing it was noted that the soil
had’becomg very compacted as a result of surface watering and
this had reduced root penetration. Therefore, before re-sowing
the compacted soil was broken up. The stronger roots of the
other grasses appeared to be able to pass through the barrier

and their growth was not inhibited.

Approximately one month after germination, the pots contailning
the mixture, timothy, perennial ryegrass and Italian ryegrass

showed signs of nitrogen deficiency. Therefore, a liquid feed
was used containing 3 N:1 P50s:l K50 as monoammonium phosphate,
potassium nitrate and calcium nitrate respectively. The amount
of feed given was adjusted according to the phyéical appearance
of the plant; In addition, a magnesium feed was given to the

1

clover pots as 150 g * magnesium sulphate.

5.2.5/
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5.2.5 Sampling and analysis

(a)

(b)

Experiment 1 - Grass species and pH pot trial
(i)‘ Soil samples were taken froﬁ each pot at the
start and finish of the experiment by the method
described in Chapter 3. Only pH was determined

on air-dried soil.

(ii) Herbage samples were taken on two dates when grass
height was arbund 15-20 .cm, namely 20th June 1986
and thirty-one days later (21st August 1986) by
the method described in Chapter 3. The first cut
corresponded to 118 days after sowing for the
mixture, clover, perennial ryegrass, Italian rye-
grass and timothy, and eighty-two days.after sow-
ing for red fescue and meadow grass. Yields for
all the pots were measured and the herbage
analysed for Co, Fe, Mn, Zn and Mo as described

in Chapter 3.

Experiment 2 - Grass species field trial

Two cuts Were taken at each site as follows:
Balig Farm (soil 2) - 28/5/87 and 7/9/87.

Sclenteuch (soil 3) - 11/6/87 and 16/9/87.

Representative samples were taken from each plot using
sheep shears, cutting at about 4 cm above the soil
surface. The plots were then trimmed using an "Agria"
mower- and the grass discarded. Plant yields were not
monitored. All herbage samples were analysed for Co

and Fe as detailed in Chapter 3.
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5.3 RESULTS

5.3.1

Experiment 1 - Grass.species and pH pot trial

The mean pH values for each treatment at the start and finish
of the trial are given in Table 5.4 (a) and (b) respectively.
Initially all the pH values were around 0.5 pH unit greater
than the nominal pH, probably because the lime requiremeht
had been determined on only the soil rather than the soil/
perlite mixture. Although the initial pH of the pots for
the various species was not significantly different, the
various grasses pfoduced significant effects on the final

pH. Perennial ryegrass, timothy, meadow grass and red -
fescue all showed an increase in soil pH over the experi-
mental period, while the mixture and Italian ryegrass pots
showed little change in soil pH over the same ﬁime, compared
with a dramatic drbp in pH (approximately 0.6 of a pH unit)

seen for the white clover pots.

While dry weight yields varied between the different species,
this was mainly due to the varying lengths of time that the
plants had been growing than to a direct species effect on

yvield. Hence, this aspect will not be discussed further.

The mean herbage Co concentrations of the various treatments
are giveh‘in Tables 5.5 (a) and (b). All the values were
very high, with even the lowest concentration well in excess
of the minimum requirement of grazing ruminants (30.10 mg Co
kg‘l DM). This effect was even greatér in the second cut.

In some cases the expected trends in hefbage Co as influenced
by pH were seen, e.g. first and second cut itaiian ryegrass
showed a decline in Co concentrations with increased pH,

while both cuts of meadow grass produced higher Co concen-
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trations as pH increased. Generally, herbage Co concentra-
tions were greatest in the white clover, with the lowest
values obtained with timothy. However, this was not always

the case.

5.3.2 Experiment 2 - Grass species field trial

The Co concentrations of the different grasses for the two
cuts taken at thebtwo sites afe given in Table 5.9. At

- Balig (soil 2), herbage Co concentrations ranged from 0.04-
0.15 mg Co kg_l DM‘for the first cut and from <0.02-0.32 mg
Co kg_l DM for the second cut. In neither cut did clover
contain the highest Co contents. The second cut samples
gave a mean Co concentration below the minimum requirement
of grazing ruminants (20.10 mg Co kg™l DM) with the’first
cut classed as producing pasture‘of borderline Co contents.
In general, Fhe herbage Co concentrations at Sclenteuch were
below those obéained at Balig and for both cuts, all samples
(except‘the first cut clover) were below the minimum require-
ment for ruminants. For both cuts, clover produced the

highest Co contents.

5.4 DISCUSSION

5.4.1 Experiment 1 - Grass species and pH pot trial

(a) The high herbage Co concéntrations

A1l the herbage samples contained very high Co contents,
well in excess of those obtained by McLaren et al (1987)
in a pot trial involving sixteen different soils. The
soil used gave an exfractable Co value which was classed
as low (Table 5.1) and regarded as highly likely to

produce Co-deficient herbage. . In a pot, plant roots



- 122 -

can explore .the whole soil volume since the physical barriers
to root penetration are normally 1ess than those which occur
naturally in the field. Hence, higher Co contents could be
expected in pot experiments compared with field trials. How-
ever, this alone cannot account for the excessively high Co
contents., Unexpectediy high herbage Co concentrations can
often be accounted for in terms of soil contamination (Fleming,
1985) Witﬁ the presence of even small amounts of soil adhering
to the herbagé resulting in elevated Co contents. In this
study, Fe éoncentration in herbage was taken as a measure of
contamination by seil. Values of >200 mg Fe kg-l DM are
normally regarded as indicative of the presence of enbugh soil
to ha&e a significant influence on measured herbagevCo contents
(Dixon,»1987). For this trial the mean values (n = 120)

obtained at each cut were:

First cut 148 * 6.5 mg Fe kg™l DM (£ SE)

I+

Second cut 93 * 4.3 mg Fe kg_l DM

Therefore, soil contamination was low and any values of >200 mg
Fe kg—l DM could be explained in terms of a treatment effect,

for example, low pH, plant species.

After examining various possibilities, the reason for the high
“herbage Co coﬁtents was finally tied down to the anomalously
high Co concentrations inkthe perlite. Perlite is an inert
alumino-silicate of volcanic origin, with virtually no cation
exchange capacity, composed of 73% silicon dioxide and 137
aluminium oxide and”is‘regarded as containing negligible
amounts of plant nutrients (Bunt, 1976). However, the batch
of perlite used here contained an acetic acid extractable Co

content of 1.74 mg Co kg—l (other batches were found to contain
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between <0.01 and 0.11 mg Co kg_l) and when mixed with soil
produced a growth medium containing approximately 1.16 mg Co
kg-l (as acetic acid extractable). Therefore, instead of a
low Co growth medium, the plants were grown undef Co abundant
conditions. Thus, the emphasis of the experiment was changed
from an investigation of Co uptake from a low Co soil to omne
containing large quantities of Co. As each pot contained
equal amounts of perlite it was assumed that each treatment

was grown under similar high soil Co conditions.

Influence of grass species

The mean Co concentrations for each cut showed that clover

contained the most Co, with timothy,‘meadow graés and red

fescue the lowest (Table 5.5). However, this was not always

the case at éach*nominal pH value. Although many workers have
noted a relatively high Co éontenﬁ in clovers (Mitchell et al,
1957; Adams et al, 1969; Reith et al, 1983; Klessa et al, 1988),
otheré have found that under some conditions grasses may con-
tain similar or more Co than élovers (Mitchell, 1960; Andrews,
19663 McLarén et al, 1987). Further, Mitchellv(1960) suggested
that under low soil Co conditions little difference in Co con-
tents is seen befweeﬁ clover and grasses as opposed to substan-
tial variations when soil Co status is adequate. In this
experiment, however, even with very high soivao concentrations,
differeﬁces in the Co contents of clover and grass were very
variéble. During the cburse of the trial plant growth was
inhibited both by the impediment of root growth and by

ﬁutrient deficiencies (see éection 5.2.4). However, not all

the replicates of treatments were equally affected, since

some maintained good growth rates while others were inhibited.
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Under natural conditions, maturation rates vary between differ-
ent species with a consequent influence on Co content (Fleming,
1970). 1In this experiment, this effect was confounded by the
fact that for each species the rate of maturation was highly
variable depending on the extent to which growth had been
reduced. For example, for some of the white clover, magnesium
deficiency slowed down growth and maturation while in other
pots, unaffected by the deficiency, the white clover continued
to gfow vigorously and reached maturity more quickly. Hence,
interpretation of the data is aifficult and only broad general-
isations can be made. These suggést that clover contained

higher Co contents than the grasses.

Although initially no significant differences in soil pH were
seen between the differént species, the final pH was signifi-
cantly influenced by plant species (Table 5.4). For example,
white clover showed a strong acidifying effect, with a drop in
pH of around 0.5-0.9 pH ﬁnit from initial values. It has been
recognised that Np-fixation in root nodules of legumes can
result in a reduction in rhizosphere pH (Salisbury and Ross,
1978), but normally no effect is seen in bulk pH. In this
present experiment where root growth ﬁas extensive most Qf

the soil Was in'contaCt with roots and hence, bulk pH was
affected. By contrast, timothy, meadow grass and red fescue
all appeared to cause an increase in bulk soil pH. No-one

has attempted to explain the variable Co content of different
species in terms of these changes in pH. The relatively high
Co content of clover maylresult partly from rhizosphere acidi-
fication enhancing Co availability, with the alkalising
influence of timothy and other grasses having a detrimental

effect on the availability of Co.
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Influence of pH

The effect of pH on herbage:Cocontents for some species did show
the expected trends, while for others it had no influence or
produced the opposite effect. Various workers have demonstra-
ted a decline in herbage content with increased pH (McLaren

et al, 1987; Klessa et al, 1988). TFor the first cut, the
mixture, white clover, Italian ryegrass,‘timothy and red
fescue all produced negatiﬁe correlation coefficients when
herbage Co content was regressed against pH (Table 5.6). By
the second cut, howé&ér, only the white clover, Italién rye-
grass and meadow graés showed this trend. All other species
produced opposite trends, although‘these were not significant

except for first cut meadow grass.

A possible explanation for these coﬁflicting results may lie
in the fact that the pH differences between pots was too small
to produce any effect on trace element uptake. - Both Zn and Mo
concentrations in herbage are strongly influenced by pH |
(Mitchell, 1964) with Zn availabilify reduced and Mo uptake
increased at high pH. In a regression analysis, involving
mean soil pH and herbage Zn and Mo concentrations, the
expected negative and positive correlation coefficients,
respectively, were obtained (Table 5.7). Hence, the differ-
ences in pH did influence availability of trace elements, and
therefore, final plant concentrations. This suggests that
although pH was potentially_able to influence Co availability,

other factors masked this effect.

During the course of this experiment, many of the pots became

waterlogged. The soil/perlite mixture tended to slump to
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produce a compacted mass through which water passed only very
slowly. Co availability has been shown to be strongly
influenced by drainage status (Mitchell, 1960, 1964, 1972;
Berrow, 1985), with herbage Co concentrations increasing under
poofly drained conditions. Whereas the availability of Zn and
Mo are not affected by redox potential, the concentration of
Mn in soil solution increases with waterlogging as a result of
the breakdown of Mn containing minerals with the consequent
telease of Co held within the Mn mineral lattice (Wild, 1988).
Desﬁite soil acidity_having a strong influence on herbage Mn
contents (Wild, 1988), no significant correlation coefficients
were obtained for herbage Mn concentrations versus pH. Thus,
it would seem that the observed trends in Mn concentrations
were probably due to Waterldgging which confounded the pH
effect lending further evidence that Co availability was

similarly affected.

In order to obtain an indication of which factors were
influencing Co availability a regression analysis of herbage
Co against herbage Mn concentrations was performed (Table 5.8).
For second cut herbages, significant positive correlation -
coefficients were obtained for all species except meaddw grass
and red fescue with the latter being almost significant. From
Table 5.6 it can be seen that meadow grass was the herbage
species which produced the most significant relationship
between herbage Co and soil pH at the second cut. For the
first cut material the relationship between Mn and Co herbage
concentraﬁions was less marked. The Co concentration of first
cut perennial ryegrass was positively correlated with mean pH

and also significantly (P <0.001) correlated with herbage Mn
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content. These observatidnSWSuggest that especially for the
second cut some factor other than pH was having a greater
influence on the availability of Mn and Co. This unknown
factor may have been redox potential as influenced by water-—
logging. Certainly the effect of impeded drainage will become
more marked with time and would be expected to be seen more
clearly in the second cut. In the first cut, a faliing redox
potential would have had less time to influence Co availability
and soil acidity may have been the predominant effect at this
stage. If this was the case, then this work would agree with
that of West (1981) who found that drainage status has a greater
influence on Co availability than pH. 1In addition, it wouid
appear that some species, for example, perennial ryegrass, are
more sensitive with respect to Co uptake to changes in redox
potential than others (for example;.white clover and timothy).
However, the probability remains that these results may have
been due to variation in the extent of waterlogging between

treatments and may not be a true species difference.

:However, it must be borne in mind that the role of waterlogging
in determining the measured herbage Co contents is pqrely
speculative. The»failure to obtain the expected pH trends may
be a true result, with different species reacting differently
to changes in pH, e.g. perennial ryegrass may be able to
extract more soil "Co at high pH. However, such findings are
contrary to what has been previously found. In all interpre-
tations of the data, it must be remembered that meadow grass
and red fescue never became as well established as the other

species and this must have some bearing on the results.
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Conclusions

One major conclusion from this work is that pot trials used

to study Co uptake must be set up and maintained with care.
Before starting the experiment careful consideration must be
given to the problem of contamination to ensure that the soil
is the only source of Co. While the plants are growing, great
care must be taken to ensure waterlogging does not occur.

This can be partly reduced by using unmilled soil which will
retain at least some soil structure and prevent soil compac—
tion. In the work of McLaren et al (1987) watering was carried
out by weight. Initially all the pots were brought to a con—
stant water potential, known to contain enough water for the
plants to grow without saturating the soil. This was main-—
tained by weighing each soil periodically and adding sufficient
water to restore the original weight. However, McLaren does
not mention how he compensated for plant growth. The careful
control of soil conditions in‘pot trials has also been
discussed by Fergus and Stirk (1961) who‘suggest aérationbmust
be given a large consideration to make interpretation of the
data meaningfui. This is even more important in»studies
involving Co a&ailability where drainage status plays such an

influential role.

In the absence of reliable results it is difficult to suggest
a good grass mixture in relation to Co content for use on hill
land or predict a pH value to which it would be safe to lime

without having a detrimental effect on Co uptake.
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5.4.2 Experiment 2 - Grass species field trial

The Co content of the different plant species grown at Sclenteuch
(soil 3) followed the expected trends, while some grasses (i.e.
Perennial ryegrass, Cocksfoot, Crested Dog's Tail, Timothy,
Yorkshire Fog (1lst. cut only)) at Balig (soil 2) produced
anomalously high Co concentrations. In the past, many workers
have found that clovérs contain higher Co concentrations.
(Mitchell et al, 1957; Voss and MacPherson,’1977; Klessa et al,
1988) than gfasses and Klessa et al (1988) found herbage Co
contents decreased in the order whitebclover > perennial ryegrass
> timothy. Such trends were found at Sclenteuch but not at Balig
where first cut perennial ryegrass and timbthy gavé Co concentra—
tions almost double that of clover. Although this effect was
reduced by the second cut, perennial ryegrass maintained a higher
Co concentration than clover. In addition, other workers have
failed to find that Co contents are higher in clover compared to
grass (Mitchell, 1960; Andrews, 1966; McLaren et al, 1987) but
this has only arisen in situations where soil Co status was
regarded as being low. Comparing the Sclenteuch and Balig sites
the soil having the lower Co status produced the highest Co con-
tents in clover, while the soil regarded as being of higher Co

status failed to enhance the Co concentration of clover.

The following suggestions are made to explain the high Co concen-

trations of some of the grasses at Balig, nameély:

(i) Soil contamination

The degree of soil contamination was assessed from the
herbage Fe concentrations. For both cuts, all the samples

were well below 200 mg Fe kg‘l DM with mean (n = 11):



Table 5.9 Experiment 2: Cobalt concentrations (mg Co kg~

1 DM) of

different herbage species grown at two different sites

"Balig (soil 2)

Sclenteuch (soil 3)

Grass species _1st cut» 2nd cut 1st cqt 2nd cut
28/5/87 7/9/87 11/6/87 16/9/87
Clover 0.07 0.07 0.13 0.07
Italian ryegrass 0.05 0.0? 0.02 0.03
Perennial ryegrass 0.15 0.11 0.04 0.05
Cocksfoot 0.12 0.32 0.02 0.03
Crested dog's tail 0.14 0.08 0.06 0.03
Timothy 0.15 0.06 0.02 0.02
Yorkshire fog 0.10 0.04 . 0.02 0.04
Meadow foxtail 0.04 <0.02 - -
Meadow grass 0.09 - 0.02 0.04
Sweet vernal 0.07 - - -
Poa compressor - - 0.03 0.04
Bent - 0.04 0.02 0.04
Red fescue 0.07 0.05 0.02 0.03
Vetch - <0.02 - -
Mean # S.E. 0.10 0.06* 0.04 0.04
+0.012 i0.009v +0.010 +0.004

*excludes cocksfoot result




(ii)

(iii)

(iv)
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1+

First cut 92 mg Fe kg L DM * 5.1 (+SE)

I+

Second cut 81 mg Fe kg™} DM * 4.9

Soil variability

The experiment was set up on a "look and see'" basis, so
plot size was small, with no replication. The high Co
herbages were all restricted to one area. For various
reasoﬁs, this part of the site may have correspondedvto
an area where soil Co availability was different. If
replicate piots had beeﬁ used -covering the whole site
any variation in herbage Co within treatments due to

variable soil Co availability would have been detected.

Maturation differences

It has been well established that herbage Co contents

‘decline with maturity (Fleming and Murphy, 1968; Murphy,

1970). At Balig, the grass was cut down and removed in
the autumn of 1986 with regrowth the following season.
The first cut taken in late May corresponded to a differ-
ent growth stage for each species and, hence, could have

influenced Co content.

Soil fertility

The clover samples were taken from discard plots which
received no fertiliser apart from drift contamination.

In céntrast; the grasses received an annual maintenance
fertiliser treatment at the start of the growing season,
causing more vigorous growth which may have increased Co
uptake anﬁ indeed COSAC/SARI (1982) suggest fertiliser—N
use will enhance Co avaivlability in soils of moderate to high

Co status. Hence, since the clover was maintained at a
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different degree of fertility than the grasses it is
difficult to make difect comparisons. At Sclenteﬁch,
however, the clover samples were taken from grass/élover
plots which were maintained at the same fertility level

as the grasses.

Hence, although it is difficult to establish the main reason for
unexpectedly high herbage Co conceﬁtrétions of some species at
Balig, it may have been due mainly to differences in maturafion
rates between the Qarious grasses, Additionally, at Balig, cocks-—
foot taken at the second cut contained very high Co concentra-
tions. Initially, this was thought to be due to analytical
problems but when the sample was re—analysed an identical result
was obtained. Soil contamination was also ruled out as the
herbage Fe concentration was only 72 mg Fe kg_l DM. Similar
resulfs were obtained by Mitchell et al (1957) but at only one
site out of four examined. He suggested the reason may lie in
the distribution of Co within the plant, with the particular

part sampled for cocksfoot containing high Co contents.

The results obtained highlight some of the problems in assessing
Co status from both soil and herbage analysis. For example,

using the MISR/SAC (1985) method of classification, the Balig

soil had a moderate Co status compared with a 1ow soil status at
Sclenteuch. Despite.this, both sites produced herbage Co contents
below the recommended requirement of 0.10 mg Co kg—l DM for graz-
ing ruminants and puts into question the usefulness of soil
analysis, In addition, the interpretation of herbage data is not
clear cut. Variations in maturation rate, soil fertility, grass

species and part of plant sampled makes interpretation difficult.
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For example, at Sclenteuch, the clover samples indicated an
adequate Co status while all the grass samples gave Co concen-—

trations well below the guidelines.

Although the data is difficult to interpret, a sward composed
predominantly of perennial ryegrass, crested dog's tail and
clover appears to be the most suitable hill land grass mixture

with regard to Co content.
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CHAPTER 6 - THE INFLUENCE OF N-FERTILISER ON

HERBAGE COBALT CONCENTRATION

INTRODUCTION

The effect of fertiliser-N on Co uﬁtake is unclear, with the
published work giving contradictory findings. While some workers
found fertiliser—N application had no influence on herbage Co con-
tent (Stewart‘and Holmes, 1953; Wright and Lawton, 1954; Modd,
1970) others have observed a decline in herbage Co concentrations
after fertiliser—N use (Percival et al, 1955; Reith et al, 1964,
1983). in contrast, Voss and MacPherson (1977) and Klessa et al
(1988) found increaéed sward Co concentrations when fertiliser—-N
was applied.to a mineral soil and Reith et al (1983) found a

similar result with a peat.

Little information is available to explain these conflicting
results. Decreased herbage Co contents have been thought to result
from clover die-back (Reith et al, 1964) or a dilution effect in
which enhanced growth rate after fertiliser-N treatment exceeds Co
uptake (West, 1981). COSAC/SARI (1982) attempted to explain the
variable response of Co uptake to fertiliser-N application in terms
of soil Co status. They suggest the application of fertiliser-N

reduces herbage Co on Co-deficient or borderline soils and on

- naturally freely-drained soils irrespective of Co status. However,

on poorly drained soils with adequate Co or on deficient soils which
have been treated with Co the application of fertiliser—N may or may

not lead to a change in herbage Co concentrations.

The aim of this work was to determine the reasons behind the vari-
able response in Co uptake to fertiliser-N application and provide

recommendations as to how fertiliser-N will influence herbage Co in
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a particular situation. In order to carry this out, a field trial
was set up in an area which had a past history of Co deficiency.

Both the effect of cobalt sulphate and fertiliser-N application on

‘herbage Co concentrations were investigated using a series of field

plots. It has béen.suggested (Kléséa et al, 1988) that the form of
nitrogen used may be-one of the reasons behind the contradictory
findings obtained in the past. Hence, three fertiliser-N forms
were used, namely ammonium nitrate, nitrochalk and urea, all known
to produce a different effect on soil pH and, therefore, possibly
on Co availability and uptake. For each form, different rates of
application were used. In order to test the hypothesis that the
availability of soil Co governs the influence of fertiliser—-N omn
herbage Co, all the treatments were repeated on plots which had
received a dressing of cobalt sulphate. Over two summers, grass

samples were taken periodically and herbage Co content measured.

MATERIALS AND METHODS

6.2.1 Site
The triél site was situated at Upper Auchinlay Farm, near
Dunblane, Stirlingshire (Grid Ref. No. NN775032) and on the
same field as the main animal trial as detailed in Chapter 9.
Details of the soil are given in Table 9.1 A 70 m x 30 m
area (Fig. 9.1) was fenced off at thé bottom corner of this

field before it was treated with cobalt sulphate.

6.2.2 Treatments

(a) Fertiliser-N forms

Three different fertilisers were used:

(i) Ammonium nitrate (NH4NOj3) containing 34.5% N.
(ii) Urea (CO(NHy)9) containing 467% N.
(iii) Nitrochalk (74% NH4NO3 + 26% CaCO3) containing

267% N.
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(b) Fertiliser—-N rate

(1)

(i)

First year (1986)

In the first year four rates were examined as detailed
in Table 6.1. These were chosen to correspond to rates
which might be used in a practical situation. At Upper
Auchinlay Farm, the farmer used a fairly high rate of

87 kg N ha~l applied once per year in April.

Fertiliser—N treatment rates consisted of 0, 43.5 and
87 kg N ha L applied as a single dressing before the
first cut. After the first cut, these rates were
repeated. In addition, to half of the plots receiving
87 kg N ha~l befofe the first cut, no further
fertiliser-N was applied (Table 6.1). There were
eighteen no N control plots (of which nine had received
Co) and three replicates of the remaining fertiliser-N

X * cobalt treatments.

Second year (1987)

In the second year aktotal of five rates were examined -
as shown in Table 6.2, From the 1986 results it was
decided to examine a higher application rate than had
been used before. Twelve plots (i;e. previously

control no N piots in 1986, of whichAsix had been
treated with Co) received an application rate of 174 kg
NAha_1 before each cut as either urea or ammonium
nitrate. There were six no N control plots. All the
other abplication rates‘remained as in 1986, but since
three cuts were taken in 1987 as opposed to two in 1986,

the total N applied was greater in 1987.
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(c) Co treatment

Tb half of the 72 plots, hydrated cobalt sulphate (CoSO4.7H20)
was applied at a rate of 0.6 kg Co ha™l. The elemental
analysis of the cobalt sulphate used is given in Table 6.3.
This was applied once as a spray on 22/4/86 following the
first dressing of the piots with fertiliser-N. As the

cobalt sulphate contained insoluble impurities which might

have blocked the sprayer the solution was first filtered

through Whatman No. 1 filter paper.

6.2.3 Experimental plan

6.2.4

Twenty-four treatments detailed in Table 6.1 and 6.2 were repli-

cated three times to give 72 plots. The experiment was arranged

as a randomised bloék design of three blocks each containing 24
treatments in é 6 x’4 arrangement. Each plot was 3 m x 2 m with
a 1l m discard betweenbplots and a 2 m discard between blocks. A
6 m discard was left between the blocks and the field fence

(Fig. 6.1).

Sampling and analysis

(a) Soil
Soil samples were taken at the end of each year (20/8/86 and
31/8/87) by the methods detailed in Chapter 3. Soil pH was

determined on air-dried soil (see Chapter 3).

(b) Herbage
RepresentativeAherbage samples were taken each year by the
methods described in Chapter 3. After the first cut in 1986,
and the first and second cut in 1987 all the remaining grass
was cut using an "Agria" mower and discarded. At the end of

the first year, the fence was lowered allowing sheep access



Table 6.3 Elemental composition of cobalt sulphate applied
at Upper Auchinlay farm

Element Composition (mg kg;l)
Co ' 210‘,000
Ni ' 400
Fe 100
Cu 60
Zn ‘ 20
Na ‘ 200
Mg - | 50
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to graze down the area during the winter months and,
therefore, provide a short cropped pasture for the

start of the trial the following year.

In 1986, two cuts were taken (30/6/88 and 18/8/86),
while in 1987, three cuts were taken (1/6/87, 20/7/87
and 31/8/87) reflecting the better growing season.
All herbage samples were analysed for Co, Fe, Mn, Mo,

Cu and Zn as described in Chapter 3.

In addition, in 1987 the % clover present in the sward
was estimated. This involved the use of a 30 cm x 30 cm
template placed at random within each plot and % clover

was then estimated.
No measure of production response was taken.

6.3 RESULTS
For all cuts, soil contamination was negligible with herbage Fe

concentrations well below 200 mg Fe kg_1 DM (Table 6.4).

Herbage Co concentrations in 1987 were very low ranging between
0.02-0.04 mg Co kg™l DM (Table 6.5 (a) and (b)). Such concentra-
tions are very close to the defection limit of the analytical

method used for Co determination.

Throughout the two year period cobalt sulphate treatment of pasture
maintained a significantly (P <0.001) greater herbage Co concentra—
tion than untreated pasture (Table 6.5). 1In 1986, Co treatment
produced herbage with two to twelve times more Co than untreated
pasture and maintained herbage Co concentrations above the
recommended lower limit for‘grazing ruminants (i.e. 0.10 mg Co kg_l

DM). The only exception to this was found on the Co-treated plots



Table 6.4 Mean herbage Fe concentrations (mg Fe kg

of each cut (% S.E.) (h =

72)

1

DM)

Year Cut Herbage Fe (mg Fe kg_l DM)
1986 First 79 * 1.4

Second 93 £ 2.0
1987 First 66 £ 1.6

Second 82 + 1.4

Third 89 * 1.5
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L as urea, where herbage Co content fell to

receiving 174 kg N ha™
0.07 mg Co kg—l»DM at the second cut. Only one year after applica-
tion the herbage Co content had fallen dramatically to around 25-
60% of that recorded at the second cut in 1986 but in general
remained significantly (P <0.001) higher than that obtained for

untreated pasture (Tablé 6.5 (b)). Nevertheless, the actual level

was below that recommended for grazing ruminants.

Although fertiliser-N form, in general, had no significant influence
on herbage Co contents, in both years the application of ammonium
nitrate and to some extent urea produced herbage of higher Co con-

centrations than did identical amounts of N as nitrochalk.

On average in 1986, plots receiving fertiliser-N produced herbage
with a lower Co content than the no N controls. However, there did
not appear to be a relationship between the decline in herbage Co
concentrations and fertiliser~-N application faté. In some instan-
ces, the lower application rate of 43.5 kg N ha~! before each cut,
had a greater effect in reducing herbage Co contents than a similar
treatment with 87 kg N ha_l, while in others the reverse was seen,
but in all cases the differences were non-significant. In 1987,
fertiliser-N application produced a more variable response in Co
uptake. However, the yearly application of 522 kg N hal as
ammonium nitrate in 1987 to the Co treated plots produced herbage
having significantly (P <0.05) higher Co concentrations than the

no N controls. However, when similar amounts of N were applied as

urea no such effect was seen.

In both years, neither fertiliser-N form nor application rate had
any significant effect on soil pH compared with the no N controls

(Table 6.6 (a) and (b)) with one exception. A yearly application



Table 6.6 (a) Inflﬁence of fertilizer N on mean soil pH measured on
air-dried soil sampled on 20/8/86 (n = 3)

N-fertilizer - Total N-applied pH
form kg N hat

Nitrochalk 0 6.1
87 6.2

174 5.9

87** 6.0

Urea 0 6.0
' 87 6.0
174 6.2

87** 6.0

Ammonium 0 6.1
nitrate 87 5.9
174 6.0

/ 87** 5.9
S.E. 0.09

**applied at start of grazing season only



Table 6.6 (b) Influence of fertilizer N on mean soil pH measured on
‘ air-dried soil sampled on 31/8/87 (n = 3)

N-fertilizer Total N-applied pH
form kg N ha™

Nitrochalk 0 5.9
130.5 5.9

261 5.6

87*% 5.7

Urea 130.5 5.8
261 5.8

522 1 5.2

87%% 5.6

Ammonium 130.5 5.8
nitrate 261 5.7
522 5.2

87 %% 5.8

S.E. . ' ' 0.09

**applied at start of grazing season only
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of 522 kg N ha! as either urea or ammonium nitrate resulted in a
significant (P <0.001) reduction in soil pH compared with the no N
controls. 1In general, all the pH values measured in 1987 were on
average 0.3 pH unit below those seen in 1986, irrespective of the

form of N used.

The application of N, irrespective of form, significantly reduced
(P <0.001) the clover content of the sward (Table 6.7) and for
some treatments this resulted in an almost total elimination of

clover.

DISCUSSION

6.4.1 Cobalt sulphate treatment

Cobalt sulphate application resulted in significantly

(P <0.001) greater herbage Co concentrations in both years,
but produced herbage containing >0.10 mg kg Co DMLl only in
the firét year. The reasons for and the coﬁsequences of

this poor residual value are discussed in Chapter 9.

In 1986, the first cut samples from all the Co-treated plots
contained very high Co concentrations (>0.2 mg Co kg DM-l)
(Table 6.5), as a result of foliar contamination. Similar
results were obtained for the first cut following Co appli-
catioﬁ by Klessa et al (1988) who also found that herbage
Co concentrations fell in the later cuts as the contaminated
herbage was removéd or Co adhering to the leaves was washed

into the soil.

6.4.2 Fertiliser nitrogen form

In both years,.fertiliser-N form had no significant influence
on herbage Co concentrations, but in general the application

of ammonium nitrate and to a lesser extent urea produced
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herbage containing more Co than did those plots treated with
nitrochalk. The majority of workers have not examined the
effect of different fertiliser-N forms on Co uptake but
concentrated instead on how one type influences herbage Co
concentrations. However, Klessa et al (1988) found results
similar to those reported here in that higher herbage Co
contents were recorded when ammoniuﬁ nitrate as opposéd to
nitrochalk fertilisers were used. Further, Klessa et al
(1988) suggested this may be due to soil acidification by
ammonium containing fertilisers enhancing Co évailability,
while the presence of lime in nitrochalk compensates for
this effect. 1In contrast, urea, although causing an initial
alkalising effect from the production of ammonia, is an
acidifying fertiliser. Hence, soil acidification resulting
from both ammonium nitrate or urea use may account for the
slightly higher herbage Co concentrations obtained with
these fertilisers than those treated similarly with nitro-
chalk. However, soil pH measured after the last cut in 1986
and 1987 showed no significaht differences between the three
fertiliser-N forms, with the.drop in pH between 1986 and 1987
approximately 0.3 pH gnit irrespective of the fertiliser—-N
form used. . Klessa et al (1988) also found no éignificant
differences in soil pH following fertiliser-N application

as either nitrochalk or ammonium nitrate until after three
growing seasons; when plots treated with ammonium nitrate
showed a fall of 0.3 pH unit compared with the nitrochalk
treated plots. This was more marked for the higher ferti-
liser—-N application rates and the difference widened in

subsequent years.
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In addition, application of fertiliser-N as ammonium nitrate,
urea or nitrochalk produced an almost identical reduction in

the clover content of the sward, and hence differences in 7%

clover content between the different forms cannot explain the

observed trends.

Rate of fertiliser-N application

In general, the application of fertiliser-N in 1986, irrespective
of whefher the pasture had been treated with Co, produced a reduc-
tion in herbage Co content while in 1987 a more variable response
was observed. However, in 1987 ﬁerbage Co concentrations were
generally close to the detection limit of the analytical method
used in this study. 'Hence, differences between treatments could
have arisen from analytical variations rather than actual treat-
ment effects. Other workers (Percival et al, 1955; Reith et al,
1964, 1983) also obtained a decline in Co concentrations follow-
ing fertiliser-N application. In addition, Reith et al (1964)
suggested that clover die-back may be the principal reason behind
the lowering of sward Co contents after fertiliser-N treatment.

This would also appear to be the case at Upper Auchinlay Farm,

‘where the application of nitrogen virtually eliminated clover

from a mixed sward. If clover contains a higher concentration
of Co than grasses (Voss and MacPherson, 1977) such a dramatic
lowering of clover content will decrease the overall Co content

of a sward.

In contrast to the results obtained here, Voss and MacPherson
(1977) and Klessa et al (1988) found that fertiliser-N applica-
tion increased herbage Co concentrations by as much as 1007 when

80 kg N ha™!l as opposed to 17.5 kg N ha™l per cut was applied.
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However, in their work, although herbage Co concentrations were
classed as deficient, they were still greater than those of
untreated pasture at Upper Auchinlay Farm. Therefore, as
suggested by<CQSAC/SARI (1982).the influence of fertiliser—N may
vary depending on soil Co status. However, this appears to be in
conflict with results found at Upper Auchinlay Farm, where ferti-
liser-N application to Co-treqted pasture in 1986 still resulted
in a lowering of the Co confent of the sward compared with the no
N controls. This is in contrast to the findings of Reith et al
(1983), who found fertiliser-N application to Co-treated plots

resulted in higher herbage Co concentrations than in no N con-

" trols, despite similar N treatments to plots receiving no Co

showing a decline in herbage Co contents. 1In light of the infor-

mation available no reasons can be given to explain these findings.

In both years, applying a singlé dressing of 87 kg N ha~l QS
nitrochalkrat the start of the growing season as opposed to a
split 43.5 + 43.5 kg N ha~l (applied before each cut) produced
herbage with a higher Co concentration. However, this was not
always the case for similar fertiliser application rates using
urea or ammonium nitrate. These findings could have practical
implications. TFor example, a farmer using nitrochalk as his
nitrogen source will produce a smaller effect on herbage Co
contents in mid to late summer, if he uses a single dressing at
the start of growth in early spring. At this time with a low
plant density and height,Co\intake by the grazing ruminant is
enhanced by soil ingestion (Thorntén, 1973) andbthis will compen-
sate for the reduction in Co content of the sward fqliowing
fertiliser~N application. However, it must be bourne in mind

that a single spring dressing will enhance growth in early summer,
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while a split drassing will also give a flush of growth in late
summer /early autumn. (Cooke, 1983). On. some farms a late boost
of grass growth may bé advantageous (for example, when weaned
spring lambs are being finished for sale) and a split drassing
may be.the most cost—effective method of applying N. In such
situations, where fertiliser—N application reduces herbage Co
uptake, some form of animal Co supplementation may be required

to ensure maximum production.

Since the differences in herbage Co contents between an applica-
tion of‘43}5 or 87 kg N ha™l before each cut were non-significant,
no conclusions can be made as fo how the rate of fertiliser-N
applicatian influences herbage Co concentrations. Previous
workers (Reith et al, 1983, andeiessaeatal, 1988) found a linear
relationship between the content of Co in herbage and fertiliser-N
application rate, when they used a larger number of fertiliser

rates covering a wider range.

Whereas the results reported here have tended to suggest that
herbage Co concentrations decline following fertiliser-N applica-
tion, all the Co-treated plots which received 174 kg N ha_1 as
ammonium nitrate before each cut in 1987 produced higher herbage
Co concentrationé than the no N controls. Since these increases
were as high as 807 at the third cut, their consistency cannot be
ascribed to analytical errors. However, identical dressings with
urea failed to increase herbage Co contents above the no N con—'
trols. While the application rates of fertiliser-N used in 1986
resulted in no significant effect on soil pH compared with the no
N controls, in 1987 a dressing of 174 kg N ha~l after each cut as

urea or ammonium nitrate significantly (P <0.001) lowered the
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soil pH below the no N controls.‘ This corresponded to a drop of
approximately 0.8 pH unit from the values measured on these plots
in 1986 compared with the decline of around 0.3 pH unit recorded
fér all the other treatments. Such a reduction in soil pH would
enhance Co availability and hence plant uptake, but if acidity
was the sole explanation then similarly increased herbagé Co con-
centrations would have been expected for both the ammonium
nitrate and urea treated plots. One possible explanation may .
lie in the form of nitrogen taken up by plants. It has been
established that the presence of NH,~N reduces the uptake of
other cations such as caZ* and Mg2+ (Cooke, 1983) but no work
appears to have been conducted into this'phenomenon in terms of -
trace element uptake. In the absence of nitrification, ammonium
nitrate containing fertilisers will supply both NH,-N and NO3-N,
while urea will produce only NH,-N. Under such circumstances

fhe possible antagonism between Co2* and NH4+ could result in a
greater uptake of Co in the presence of ammonium nitrate, where

a smaller proportion of the applied nitrogen‘is present as NH,-N.
This may also be the case, even in soils which do nitrify immedi-
ately after fertiliser-N application when nitrification has not
had time to occur. However, the highest N apblication rate used
in 1987, i.e. 522 kg N ha~l whether as urea or ammonium nitrate
produced little effect on herbage Co concentrations when applied
to soil which had recéived no Co. Following Co aﬁplication to
soil, Co will be retained:on the éxéhange sites. Thus for a
given fall in soil pH, more Co will be releaséd from the
s§i1 which has received the Co dressiﬁg than from.the one not:

treated and, hence, bring about a greater effect on Co uptake.
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Hence, fertiliser—N application has a variable influence on
herbage Co cnncentrations, being.dependent on the rate of appli-
cation, the type of fertiliser used and the Co status of the
soil. Thus, it appears. that general recommendations cannot be
made as to how fertiliser—N will affect herbage Co contents,
with each situation showing a different respomnse. However, in
general, it can be stated that ammonium nitrate S -will

produce herbage of higher Co concentration  than nitrochalk.

Other elements

Since Co was the main element of interest only a brief account
will be given of the influence of fertiliser-N on tne herbage
concentrations of Fe,‘Mn, Cu, Zn and Mo. 1In both'years, herbage
Zn and Cu contents increased with increased fertiliser-N applica-
tion rates, similar to the findings of Mudd (1970). However,
fertiliser—-N application had a variable effect on Fe,an and Mo

concentrations in herbage and no consistent trends were seen.
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CHAPTER 7 - THE RELATIONSHIP BETWEEN COBALT STATUS AND

7.1

IMMUNOCOMPETENCE AND AN ASSESSMENT OF THE

VARIOUS BLOOD CRITERIA USED TO DIAGNOSE

COBALT DEFICIENCY IN CATTLE

INTRODUCTION

Previous workers (MacPherson et al, 1976) have demonstrated an
enhanced susceptibility fo infection in Co-deficient sheep. It was
thought that the higher incidences of skin bruising, enteric and
respiratoryvproblems with Co depletion was associated with an
induced ascorbic acid deficiency. However, more recently, the low
immunocompetence of neutrophils found in Co-déficient ruminants has
been suggested for this‘increased vulnerability to disease (Wright.
et al, 1982; Fisher and MacPherson, 1986; MacPherson et al, 1987).
Further, it has been proposed that such effects may have a major
bearing on animal productivity resulting in a low viability of
lambs born to Co-deficient ewes (Fisher and MacPherson, 1986) and
a greater vulnerability to internal parasitic infection (Wright

et al, 1982; MacPherson et al, 1987).

Despite the many problems involved in both the determination and
interpretation of serum vitamin By, values, the use of vitamin Bjj
remains the most commonly used diagnostic parameter for Co defi-
ciency. Factors such as prolonged yarding, diseases resulting in
liver damage (Clark and Millar, 1983) and starvation (Miller et al,
1984) have been identified as causing 'falsely' elevated serum

vitamin Bjo values. In addition, large animal variations within a

‘flock make diagnosis difficult when only a limited number of samples

are available (Somers and Gawthorne, 1969). The problem of measur-

ing vitamin Byy is thwarted by the lack of standard methods (Mills,
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1981) and the poor understanding of how much of the vitamin Bio
measured is composed of inactive analogues (Millar and Penrose,
1980). The latter is a particular problem with cattle where up to
fifty peréent of the total vitamin Bjy content of serum may be made
up of inactive analogues (Halpin et ai, 1984). Various other
diagnostic methods have been investigated, such as urinary formimino-
glutamic acid (Stebbings and Lewis, 1986) and urinary methyl malonic
acid (Millar and Lorentz,bl979); but have been dismissed due to
either analytical or interpretative problems. However, more
recently, a sensitive method of determining MMA in serum or plasma
has been developed (McMurray et al, 1986). This has shown some
promise as a diagnostic tool in sheep (Fisher and MacPherson, 1986;
‘Rice et al, 1987) but has received no attention in relation=to

cattle.

Two housed trials using calves were established to investigate both
the influence of Co status on the immune response of cattle and to
assess the merits of various diagnostic criteria, including serum
MMA and vitamin Bjy (by - radio-assay -~ and microbiological tech-
niques). In Experiment 1, six calves were keptbon a Co-deficient
diet for between eight to sixteen monthé before undergoing Co
fepletion. The methods used included weekly dosing with Co or the
administration of a slow-release form of Co either as a commercial
bolus or as the more novel Co "needle". In a similar manner, in
Experiment 2, ten calves were fed a Co-deficient diet but five
received regular Co supplementation as fortnightly vitamin Bj2
injections throughout the ten month_experiment. In addition,

Experiment 3 examined the influence of Co supplementation on the

severity of Ostertagiad ostértagi infection in cattle using the

animals from Experiment 2.
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7.2 MATERIALS AND METHODS

7.2.1 Diet and ration formulation
For all experiments, a Co;deficient ration containing
<0.04 mg Co kg]ﬂrl-wasffed; In Experiment 13 'this
consisted of timothy hay (0.06 * 0.0l mg Co kg oMLy,
micronised maize (0.026 £ 0.005 mg Co kg DMfl) and prairie
meal (0.03-% 0.009 mg Co kg DM 1), A similar diet was used
for Exﬁeriment 2 during the first six months, after which
the protein source was cﬁanged frdm prairie meal to urea.
It was assumed that ufea was low in Co as found by Mills
(1981). This changéover ﬁas carried out since a new batch
of prairie meal received at this time contained anomalously
high Co concentrations. This new diet was used throughout
the remainder of Experiment 2 and the whole of Experiment 3.
In addition, appropriate amounts of salt and dicalciumphos-—
phate were added to all the rations to overcome dietary

deficiencies of sodium, calcium and phosphorus.

All the rations were formulated using the BEEFRAT computer
programme as developed by the "Agricultural Chemistry
Division'", West of.Scotlénd College, to produce a diet
balanced for protein and energy. In ordef to maintain this
balanced diet, regular samples of the various dietary con-—
stituents were Submittéd'to the "Analytical Services Unit",
West of Scotland Coilege,'for routine dietary analysis as
detailéd'in Chapter 3. For Experiment 1, when liveweights
were <350 kg, the ration aimed to produce a’daily liveweight
gaiﬁ (DLWG) of around 0.7 kg, but at animal weights >350 kg
this was inéreéSed'to 1.0 kg per day. On the other hand,
during Experiments 2 and 3 the ration was formulated to give

a DLWG of 0.7 kg.
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7.2.2 Experimental plan

(a)

®)

Experiment 1 — The effect of Co depletion and repletion on

the immunocompetence and Co status of cattle

Six Friesian castrates initially 12 weeks old were maintained
on a Co—deficient diet as detailed in 7.2.1 for 73 weeks.
During the first 55 weeks the calves Were_pair penned at the
"Metabolism Unit",_West of Scotland College, after which

they were all put into a single slatted pén at the "Brickrow
Farm Unit", West of Scotland College. After 36 weeks, two

of the animals (heréafter called Group 2) were repléted

using an oral Co drench with occasional vitamin B;, injec-

tions (neo-cytamen from Glaxovet) (Table 7.1). A further

two animals'(herEafter called Group 1) at week 59 were given
a slow-release Co form. 'One animal was given a "Cosecure"»
slow-release bolus (U.K. Wellcome Foundation Ltd.), the
other one "Cobalt needle"‘(Beechams). A further "Cobalt
needle" was given to this animal at week 64. The remaining
two animals (hereafter called Group 3) were kept on the
depletion diet for the complete trial. In addition, all

six calves received oral doses of selenium (as sodium
selenite) when the COncentration of the Se containing
enZyme;’GSH—Px, in whole blood was indicative of Se defi-
ciency (<15 U m~! cells at 30°C). Doses were given as 5 mg
Sé pér’hééd af week 22 and 10 mg Se per head at weeks 26, 38

and 60,

‘status of Co supplemented and depleted cattle

Ten, 12 weéek old Friesian castrates were fed a Co-deficient

diet for 43 weeks as detailed in 7.2.1 During the first



Table 7.1 Co repletion using Co drench and occasional vitamin Bl12
injections '

(a) Oral Co drench

Week no. Amount of Co adminiétered (mg)
as a Co SO4.7H20 drench

36 10

38 260

Weekly between 125
39-49

Weekly between . 10
51-73

(b) Vitamin B12 injections

Week no. . Vitamin By, (ng) administered
55, 58 ’ 1000
36, 63, 64, 67, 68 2000

38 4000
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35 weeks, the calves were penned individually at the "Metabolism
Unit", West of Scotland College, before being transferred to

one large slatted pen at "Brickrow Farm Unit", West of

Scotland College. Throughout the trial, five of the cattle
received Co supplementation initially as an oral 10 mg Co
drench of CoS0,.7H,0 at week 2 and a "Cosecure" slow-release
bolus (U.K. Wellcome Foundation Ltd.) at week 3, followed by
regular fortnightly 2000 p8 vitamin By, injections (ﬁeo-cytamen,
Glaxovet) from week 10 onwards. After 16 weeks one animal from
the depleted group had to be destroyed due to a severe viral
infection. ‘This animal was replaced with one of similar weight
and age, and introduced to the Co-deficient diet at week 20.
However, all the results from this animal were excluded from
any statistical analysis since low serum vitamin B, , values

(50 ng 1_1) were not obtained until week 39.

‘Experiment'3‘+'Effects‘of‘Co‘Status'on'thé'degrée'of severity

" 'of Ostertdagia ostertagi infection

This trial was carried out on the same ten animals (approxi-
mately one year old) as were used in Experiment 2, with the

cattle sub-divided into four treatment groups, namely:

A 'CONTROL - no parasitic infection
Group 1 - 2 animals from Co supplemented group
Group 2 - 2 animals from Co depletéd group

B "INFECTED
Group 3 - 3 animals from Co supplemented group

Group 4 - 3 animals from Co depleted group

In order to eliminate the danger of cross-infection, the

control and infected animals were housed in separate but
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adjacent slatted pens at "Brickrow Farm Unit". Co supple-
mentation was given as fortnightly 3000 pg vitamin By injec-
tions with the parasitic infection administered daily as

5000 Osteftagia ostertagi stage 3 larvae (as supplied by

Glasgow University Veterinary School) per head to the
appropriate animals fof a total of eight weeks. On the day
following the final parasitic treatment, all the infected
animals were given a cobaltised antﬁelmintic (Endozol con-
taining 3.75% albendazole + 2.7Z cobalt sulphate, Robert
Young and Co Ltd.). The dosing regime was based on live-

weight and according to the manufacturer's instructions.

7.2.3 Parameters measured

Details of all the analytiéal procedures are given in Chapter 3.

(a)  Experiments’l and 2

For both trials, fortnightly measurements were made as below:

(i) co status. Vitamin Bis (by microbiological assay for
both experiments and also by radio-assay in Experi—

ment 2 only) and MMA.

(ii) * Animal performance. . Liveweight (in experiment 1

weekly measurements were made from week 36 onwards).

(iii) = Immune response. - By the neutrophil function test.

In addition, total haemoglobin, QhohaﬁidddGSH—Px, plasma
glucose, alkaline phosphatase, aspartate transferase, Ca,
Mg and Cu were monitored fortnightly during Experiment 1
and monthly in Experiment 2. Further, fortnightly measure-
ments of serum urea concentrations were made from week 30
in Experiment 2, after the introduction of urea into the

diet.
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(b) Experiment 3

Weekly assessments were made of Co status and animal perform-
ance, as described for Experiment 2, with the extent of
parasitic infection monitored using weekly pepsinogen and
gastrin measurements and faecal worm egg counts. Additionally,
serum inorganic phosphorus concentrations were determined
weekly énd the neutrophil function test carried out fort-
nightly. As in Bxperiment 2, monthly measurements were made
of urea, GSH-Px, total haemoglobin and plasma Ca, Mg and Cu
concentratibns. After administration of the antheimintic,
blood samples wefe taken from the infected groups at 0, 1, 3,
5, 7 hours and 1, 2,A3, 5 and 7 days post treatment for sérum‘
vitamin Byp (microbiological assay only),.MMA, pepsinogen and
gastrin determination with inorganic P measured on day 7 6n1y.
Liveweight was also measured after 1, 2, 3, 5 and 7 days and
faecal worm egg counts after 5 days. Further blood samples
were taken 26 and 35 days after anthelmintic treatment fér

assessment of pepsinogen concentrations.

RESULTS

Throughout all thevexperiments total haemoglobin, plasma glucose,
alkaline phosphatase, aspartate transferase, Cé, Mg and Cu concen-
trations remained within normal limits and were unaffected by treat—
ment. In Experiment 1, whole blood GSH-Px contents gave values:
indicative of marginal Se deficiency on f&ur occasions. This was
remedied by oral Se treatment as deﬁailed in 7.2.2 (a). Selenium
status remained adequate during Experiments 2 and 3. Serum urea

concentrations monitored during Experiment 2 and the whole of

Experiment 3 indicated that the amounts of urea included in the

diet did not give rise to toxicity problems.
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7.3.1 Experiment 1 - The effect of Co depletion and repletion on the

immunocompetence and Co status of cattle

During the first 36 weeks of the experiment a DLWG of 0.7 kg was
sustained (Fig. 7.1 (a)), despite mean serum vitamin B12 1eyels
falling from around 200 ng 171 to 80 ng 1"l. Mean serum vitamin
By, concentrations fell to 150 ng 17! after 10 weeks,with another
decrease to around 100 ng 1_1 éfter 14 weeks, remaining at this
concentration with only minor fluctuations until week 30 when
values declined further to approximately 80 ng 171 (Fig. 7.2 (a)).
Mean serum MMA céncentration, on the other hand, after 14 Qeeks
increased frbm 1.5 pmole 17! to around 3 pmole 171 and showed
little further change during the next 22 weeks (Fig. 7.3 (a)).

The immune status as measured by the neutrophil function test

fell from an initial wvalue of 35% to 15% by week 18 (Fig. 7.4 (a)),
in parallel with the decline in vitamin Bj) concentrations and in

contrast to the increase in MMA values (Fig. 7.5 (a)).

Co repletion at week 36 and 59 produced no effect on liveweight
performance compared with the untreated controls (Fig. 7.1 (b)),
despite causing increased serum vitamin By, concentrations.
Regular treatment with Co oral drenching from week 36 increased
serm vitamin Bip levels to around 200 ng 17! after 4 weeks
(Eig. 7.2 (b)),‘while serum MMA contents remained elevated at
3 yjmole 17! for a further 5 weeks, before falling to <1.0 umole
17111 weeks:after'replétion cbmmenéed'(Fig..7.3 (b)). However,
treatment‘wifh Co in a slow-release form at week 59 resulted in
a dramatic rise in serum vitamin By, values within a few days of
treatmént‘to >200 ng 171 (Fig. 7.2 (b)), and a drop in serum MMA
concentratioﬁs to <l;0 pmole 1"1v(Fig. 7.3 (b)). In later weeks,

although serum vitamin By, levels fell to around 150 ng 171, MM
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concentrations remained at <1.0 pmole 17! from week 65 onwards.
All the Co treatment methods produced an improvement in the 7
kill values obtained for the neutrophil function test by 4 to 6

weeks after treatment commenced (Fig. 7.4 (b)).

Despite very low serum vitamin By, concentrations of <50 ng 171
and elevated MMA values (approximately 15 pméle 1—1), the two
cattle remaining on the deficient diet only showed a decline in
liveweight performance, compared to the repleted animals, after
67 weeks (Fig. 7.1 (b)). When a 4000 pg Qitamin Byo injection
Wasvadministefed to these animals at week 71, serum vitamin By
concentratioﬁs rose to a mean of 163 ng 171, and MMA &alues
declined to only 0.62 pmoie 1_1, a fortnight éfter treatment,
but had not yet affected the ability of the neutrophils to kill

the yeast Candida albicans.

Experiment 2 — A comparison of immunocompetence and Co status of

Co supplemented and depleted cattle

Co supplementation, although producing higher serum vitamin B o
values, lower MMA concentrations and a greater % kill of the yeast

Candida albicans by isolated neutrophils, resulted in no improve-

ment. in liveweight performance over depleted animals until
week 41 (Fig. 7.5). However, after 43 weeks on experiment, the
Co-supplemented animals were significantly (P <0.05) heavier than

the untreated cattle.

Initially, serum vitamin By, concentrations (by both assay methods)
were around 200 ng 1_1, but increased to >300 ng 171 by week 20

for Co supplemented cattle and remained at <100 ng 171 from week
10 onwards for depleted animals (Fig. 7.6). By week 35, very low
vitamin Byy levels for the unsupplemented animals of around 50 ng

17! were recorded irrespective of assay procedure. In general,
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vitamin Bj) levels as determined by radio-assay were higher- than
those obtained by the microbiological method, with this being
more evident for the Co-supplemented animals. This is illustra- A

ted by the following regression equations:
(y = microbiologically determined vitamin Bjj)

Deficient cattle:

]
I

y = 0.65 (radio-assay) vitamin Biga + 13.9 SDy = 25.47

]

r = 0.81 (P-<0.001)

Co—-supplemented cattle:

1]

~«
[}

0.65 (radio—assay) vitamin Byg + 64.7 SDy 50.04

= 0.83 (P <0.001)

=
[

Although both methods of vitamin B;, determination showed highly
significant (P <0.001) influences of treatment at week 20, the
first apﬁearance of significant differences was seen at week 10
for the microbiologically determined vitamin By, and week 12 for

the radio-assay. technique.

On the othér hand, significant differences in MMA concentrations
did not appear until week 18, some eight weeks after vitamin By,
(Fig. 7.7). This was probably due to the large animal variation
especially within the depleted group which is of more interest
for diagnosfic purposes. For example, at week 41, two depleted
animals with similar serum vitamin B;, concentrations produced

MMA values of 7.80 and 2.36 ymole 17L.

The Co-supplemented animals maintained the initial 7 kill values
obtained for the neutrophil function teét throughout the trial,
while‘those cattle on the depletion diet recorded a drop in immune
status to give a mean of only 10%kill by week 43.(Fig. 7.8). From
week 6, supplemented animals gave significantly (P <0.0l1) higher

% kill values.
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Experiment 3 ~ Effects of Co status on the degree of severity of

Ostertagia ostertagi infection

Both Co status and the administration of gastro-intestinal
parasites influenced the liveweight performance and appearance

of the cattle. For both control and infected groups, Co-supple-
mentation led to improved liveweights (Fig. 7.9) and coat colour.
An initial méan difference of 10 kg between supplemented and
depleted control animals was increased to 40 kg by week 9. This
effect, however, was reduced when parasifes were given. Parasitic

infection led to a weight loss 4 weeks after initial administra-

tion of the larvae. Both the supplemented and depleted animals

produced a similar pattern of weight loss until week 6 but there-
afteradefiéient animals lost more weight. At week 6, clinical
symptoms of parasitic infection appeared as severe scouring in
one supplemented and two déficient animals. Oné of these defi-
cient animals lost 25 kg between weeks 6 and 8 and appeared weak
and listless standing away from the rest. By week 7 all: the
infected animals Were‘refusing their feed and between weeks 7 and
8 a liveweight loss of 6 kg in the depleted infected group was
recorded compared with a 2 kg weight loss for those cattle
réceiVing Co supplementation. After the administration of the
anthelmintic at week 8, loss of weight continued for a further
three'days;.when'all animals began to gain weight and eat
incréaSing amounts of feed to give an average gain of 10 kg after

one week (Table 7.2).

Serum vitamin Bjy concentrations, irrespective of assay procedure,
were unaffected by parasitic infection (Fig. 7.10), with Co-
supplementation producing values of around 300 ng 171 compared

with 50 ng 17! for unsupplemented animals. Within the Co-
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supplemented groups, larger variations were seen as a result of

the fortnightly vitamin By, injection having its greatest effect
after one week. After administration of the Co-containing anthel-
mintic, at week 8, serum vitamin Bj, levels were enhanced but for
only a short period (Table 7.2). For the depleted group, serum
vitamin‘Blz fell within 24 hours to pre-treatment levels, after a
small boost in Co status after one héur. However, the supplemented
animals maintained elevated values for 7 days but this was probably
due more to the.vitamin By injection given initially than from the
Co—anthelmintic. As seen in experiment 2, vitamin By, measured by
radio—assay gave highér valﬁes than microbiological determinatioms,

but the correlation between the two methods was poor:

Deficient cattle:

i
I

y = 0.51 (radio-assay) vitamin Byy + 15.0 SDy 14.33

r = 0.22 (non-significant)

Supplemented cattle:

1l
1

y = 0.15 (radio-assay) vitamin By, + 263 SDy 57.18

r = 0.01 (non-significant)

where 'y = vitamin By, (microbiological assay)

As with serum vitamin By, MMA concentrations were not significantly
affected by parasitism (Fig. 7.11). Both Co—supplemented groups
maintained MMA values of around 1.50 pmole 171, 1n contrast, for
the depleted animals, parasitic infection resultéd in @ MMA
concentrations =~ of = around 5.00 pméle 171 compared with
approximately 2.50 umole 17! for uninfected animals. As in
Expériments 1 and 2, large animal variation occurred. For example,
two deficient cattle of similar vitamin Byp status produced MMA
values of 1,79 and 5.60 umole 17! and while most of the Co supple-

mented animals gave MMA concentrations in the range 0.5-1.5 umole 1-1,
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one Co—treated animal maintained MMA concentrations of 2.00 pmole 171
throughout the trial. Furthermore, when severe parasitic infection
was established in ome Co-deficient animai,.MMA concentrations fell
to 1.00-2.00 pmole 171 as the animal refused feed, but increased to
3.50 pmole 17! when appetite was restored after anthelmintic treat-—
ment. FIn general, administration of the Co-containing anthelmintic
at week 8 had little effect on MMA values (Table 7.2). For Co-
supplemented animals; MMA concentrations fell to around 1.00 umole
171 one day after treatment, while depleted animals maintained
values of around 4.00-5.00 pmole 171 for:5 days after which levels

fell to approximately 3.5 pmole 171,

The administration of parasites had no effect on neutrophil function
(Fig. 7.12) with Co-supplementation maintaining significantly

(P <0.001) .higher % kill values than unsupplemented animals.

Gastro—intestinal parasite infection led to an increase in serum
pepsinogen 1e§e1s with control animals producing values within the
normal range thrdughout the trial.(Fig. 7.13). Co status had no
effect on the concentration of pepsinogen, with both infected

groups producing increased vaiues'after 3 weeks and the levels
continuing to rise throughout the tfial to >3.00 i.u. 171 by week 8.
Follqwing énthelmintic treatment, pépSinogen concentrations showed
a slight fall after 3 days when appetite improved (Table 7.2). 1In
addition, 26 days after treatment, pepéinogen values of 1.19 (¥0.11)
and 0.98 (%¥0.19) i.u. 171 for Co-supplemented and depleted cattle
respectively .were -recotded, while at day 35 both groups had
pepsinogen concentrations similar to those of the control uninfected

animals (0.66 * 0.15 i.u. 1°1).
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Ostertagia ostertagi infection led to elevated gastrin concentra-

tions in a similar way to its effect on serum pepsinogen, while
céntroi animals maintained values within the normal range of 0-100
Pg m1~} (Fig. 7.14). Co status had no significant influence on
gastrin. Both infectea groups showed élightly increased values
after 2 weeks but levels did not rise to'5100 Pg ml™l until week 4.
Thereafter very high values of >500 pg ml~! were recordéd from
week 6 onwards. On administration of the anthelmintic at week 8,
the Co-supplemented grouﬁ showed a fall in gastrin concentrations
after 2 days and this continued until the end of the trial

(Table 7.2). On the other hand, the depleted group produced a
decline in gastrin values after 3 days but 2 days later the levels
increased (Table 7.2). For both gréups, gastrin concentrations had

fallen to around 400 pg m~Ll 7 days after treatment.

All the animals, irrespective of treatment, showed high inorganic
phosphorus values of >2.5 ﬁmol 1_1, <2.5 mmol 171 being the normal
values (Fig. 7.15). The infected animals produced lower concentra—
tions 6 weeks after infection but these values were still above
normal concentrations. One week‘after anthelmintic treatment,

initial values were re-established (Table 7.2).

Co status had no effect on the length of the prepatent period or
on worm egg counts. For bothkgroups patency was feached around
21-25 days. At no time throughoﬁt the trial were high worm egg
counts seen (Fig. 7.16) and 5 days after anthelmintic treatment

no worm eggs were found in the dung (Table 7.2).
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7.4 DISCUSSION

7.4.1 Experiments 1 and 2

In both Experiments 1 and 2, a low Co dietary intake produced
no effect on liveweight performance until weeks 67 and 41
respectively and at ho‘time was a weight loss recorded.
Other workers (MacPherson et al, 1983; MacPherson, 1982)
did obtain.a weight loss in steers 15-24 weeks after the
introduction of a Co-deficient digt. In contrast, other
findings have tended to agree with those given heré with

no effect on liveweight production seen despite very low
serum vitamin Byy values even after 40-45 weeks on a Co-
deficient diet (MacPherson, 1981, 1982; Wright et al, 1982).
In order to explain these contrasting results MacPherson
(1982) suggesfed that "séme form of stress may be necessary
1to precipitate the clinical Co deficiency syndrome'" such as
subjection to wet and cold outdoor conditions. Further,
during Experiments 1 and 2 no‘effect on appetite (the
classic symptom of Co deficiency (Underwood, 1978)) was
recorded despite producing serum vitamin Bio concentrations
of <50 ng 171, However, in both these experiments, during
the latter stages when prolonged inadequate dietary Co 1is
likely to cause a loss of appetite, all the animals were in
one large pen. Under such circumstances, any reduction in
appetite by the depleted animals may have been compensated

by an increased intake by Co supplemented animals.

Whereas liveweight was not influenced by Co status until
the latter stages of Experiments 1 and 2, the degree of
immunity as measured by the neutrophil function test was
affected within a few weeks of feeding a Co-deficient diet.

* In a similar manner, MacPherson et al (1987) obtained a
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drop in Zkill of the yeast Candida albicans by isolated neutrophils

when serum vitamin Bj) concentrations of calves declined from

200 ng 171 to approximately 100-150 ng 17! within 7 weeks. Using
pregnént ewes, Fisher and MacPherson (1986) glso demonstrated a
drop in immunocompetence within 10 weeks of feeding a Co-deficient
diet with a consequent reduction in the viability of their lambs.
Thus, despite a low Co intake showing no immediate effect on live-
weight performance, the reduced imﬁune response will lead to
increased vulnerability to infection and hence a Qrop in animal
productivity. To date the'feasons>whj_Cq has such an effect on

immune response are unknown.

Any diagnostic measurement of Co status must predict not .only
severe clinical Co deficiency, where loss of weight or reduced
1ivéweight gains are recofded, but also sub-clinical Co deficiency
where immunity is impaired and susceptibility to infectioﬁ
increased. Tor both experiments 1 and 2 immunocompetence was
reduced when serum vitamin By concentrations (by both assays)

declined to around 100 ng 171

ahd MMA concentrations increased to
approximately 2 pmole 171, Howevef, serum vitamin By, was not a
sensitive indicator of clinical Co deficiency, with very low serum
vitamin Byp values (<50 ng 1-1) seen for around 25 weeks before any
reduction in liveweight gain‘was reéorded. On the other hand, MMA
concentrations increased to a mean >4.00 pmole 171 in Experimeht 2,
a few weeks before liveweéight production was affected énd, there-
fore, MMA may provide a better indication of when clinical symptoms

of Co deficiency are likely to appear than does serum vitamin By,

measurement.

Serum vitamin By concentrations measured by both assay techniques

showed good agreement, although the radio-assay method in general
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gave higher values and this was particularly so for Co-supplemented
cattle. This is in contrast to Taylor and Greer (1982, 1983), who,
when they used ovine serum, found that the radio-assay estimation
consistently gave 1oWer values. These findings of Taylor and Greer
were as expected since while the microbiological assay technique
measures all forms of vitamin Bj,, the radio-assay method has been
developed to estimate only ﬁtrue" vitamin Bjy and, hence, should
give the lower estimate of serum vitamin Bj,. Further, Halpin

et al (1984) found that whereas sheep serum contains very low con-—
centrations of inactive vitamin Byo analogﬁes, in cattle a substan-—
tial proportion of vitamin Bjy is inactive, being particularly so
when Co intake is high. Hence, it would be.expected that for
cattle the radio-assay determination should give very much lower
vitamin By, estimations than the microbiological assay. This,
however, was not found here, and may be due to some compound
present only in cattle serum binding to the intrinsic factor used
in the radio—assay technique and giving falsely elevated results.
Serum MMA measurement, on the other hand,will not be subject to such
problems and will therefore provide a direct assessment of whether
propionate metabolism has been impaired as a result of Co deficiency.
Past workers (McMurray et al, 1985; Fisher and MacPherson, 1986;
Rice et al, 1987) have only investigated serum MMA cﬁncentrations
in sheep so tﬁat no published data are available on cattle. In
addition, Rice (1986) suggested that MMA contents in cattle serum
may be difficult to interpret. In this study, however, serum MMA
concentrations did show some promise as a diagnostic tool. The
values obtained were lower in general than those seen for sheep,
with normal values tentatively suggested as being <2 umole 1_1,
sub—clinical 2-4 pmole 1—1 and deficiency >4 pmole 171, However,

as the number of animals involved was small, further work is
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required to establish more exact criteria. As with serum vitamin
By determinations, MMA concentrations in cattle are subject to
large animal variations necessitating the sampling of a rela-

tively large number of animals in a herd before an overall

appraisal can be made. -

As suggested 5varight et al (1982), the critical level of

200 ng 17! serum vitamin BiZ for bovines used by the Veterinary
Investigation31'3ervice appears to be too high. Certainly, for
housed cattle, vitamin B12 concentrations of <200 ng 171 can
exist with no adverse influeﬁce on animal performaﬁce. From
this work it would appear that the critical concentrations may
also be dependent on the assay technique used and different

interpretive criteria are required for each procedure.

Co repletion in Experiment 1 resulted in improvéd serum vitamin
Byo concentrationé, lower MMA contents and higher 7% kill values
in the neutrophil function test. Whereas the administration of
a slow-release Co bolus or Co needle brought about an improve-
ment in Co status within a few days, weekly oral drenching
initially with 10 mg Co was inadequate to increase serum vitamin
Byy concentrations and reduce MMA contents. Even after increas-
ing the quantity of Co given in the dose and administering
‘vitamin By, injections, serum MMA concentrations did not decline
until 11 weeks after treatment commenced, indicating propionate
metabolism remained impaired for some time after Co treatment
started. Hence, it would appear that a low steady supply of Co
from a slow-release bolus of needle was a more effective method
of restoring Co status than the more transient administration of

Co in an oral drench.
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Experiment 3

Similar to the findings of other workers (Downey, 1965, 1966;

Andrews et al, 19703 MacPherson et al, 1987), the work presented

‘here suggests that animals of low Co status are more affected by

Ostertagia ostertagi infection:. In the initial stages both

infected groups showed a similar 1iveweightbpattern but between
weeks 7 and 8 a greater Weight loss was recorded for the depleted
group;' Further, on an indiwvidual basis, the one animal showing
the most severe symptoms of parasitism belonged to the unsupple-
mented group. While_MacPhersoﬁ et al (1987) found patency was
delayed by around é.Week for Co-supplemented cattle, this work
demonstrated thét patency ﬁas unaffected by the administration
of Co. Similarly, faecal worm egg counts betﬁeen the two groups
remained very similar despite MacPherson et al (1987) having
obtained significantly (P <0.05) greater faecal worm egg output
in ~ Co =-deficient animals than those recéiving supplementary

Co. However, for adult cattle especially there is little rela-

tionship between worm egg counts and Ostértagia ostertagi infec-
tion, sincevVery few eggs are produced making measurément diffi-
cult. " In contrast, for younger cattle, as used by MacPherson

et al (1987), faecal worm egg counts are more useful in diagnostic
detérminatiohs (Mitchell, 1988). Since all the infected animals
were housed in one pen, it cannot be determined whether Co status
had any effect on the extent of loss of appetite dt week 7. On
anthelmintic treatment both infected groups showed an identical

response with appetite increasing after 3 days.

Both serum gastrin and pepsinogen concentrations on infection
followed similar patterns with both parameters showing increased

values from week 3 onwards. Co status had no influence on either
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the time between the commencement of infection and the first
observation of the elevated concentratioms or the actual values
obtained. This is in contrast to‘MacPherson et al (1987), who
obtained significantly greater pepsinogen contents for Co-suffi-

cient as npposed to depleted animals.

In the past, blood diagnosis of Ostertagiasis nas relied on the
use of serum pepsinogen which becomes elevated when infection
becomes established as a result of damage to.abomasal walls causing
pepsinogen to leak into the blood-stream (Porter, 1977). However,
serum pepsinogen concentrations can increase due to other causes
which damage the stomach 1ining and Fox et al (1987), Jacobs et al
(1987), FOXAet al (1988) have examined the use of the hormone,
gastrin, as a potential diagnostic measure. In addition, Fox
(1988) suggésts that the rise in blood gastfin concentration may,
in part, be responsible for the observed drop in appetite of
clinically infected animals,‘and, hence, such a measurement should
be a more reliable indicatof of én impairment in the animals'
metabnlism than Serun pepsinogen. Fox (1988) demonstrated that

in the field, blood gastrin and pepsinogen responées to Ostertagia
infection were similar. However, Fox et al (1988)‘found that the
diet which'was fed strongly influenCed the gastrin response to

" 'Ostertdgia with peak values almost doubling whenkhay as opposed to
a largely concentrate diet was used. Indéed, in thebpresent study
the values obtained lay between those given by Fox et al (1988) when
they used either a largely concentrate or a hay only diet. Fox

et al (1987) also found aé-was reported here (Fig. 7.14) that
gastrin concentrations declined before anthelmintic treatment.
This may have been due to a loss of worms at this stage as

suggested by Murray et al (1970). ‘Such an effect was not observed
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for serum pepsinogen. Hence, serum gastrin appears to offer some
potential as a diagnostic tool with values in excess of 100 pg ml~L
indicative of some parasitic infection but it is more difficult to

establish definitive values for clinical infection.

During the.first wegk follbwing anthelmintic treatment, serum
géstrin concentrations appeared to follow a similar pétterﬁ to the
improvemént in appetite and liveweight performance, while serum
pepsinogen values reméined high for Both infected groups. As the
anthelmintic, albendazole, used has little effect on inhibited
larvae, compared with others such as fenbendazole, pepsinogen con-
centrations took some time to fall (Mitchell, 1988) and indeed
elevated values were still méintained 26:déys post anthelmintic
treatment, when the animals showed no visual symptoms of infection.
Hence, in this respect, gastriﬁ'measurement at least in the first
week seemed to parallel animal performance more closely thah did

pepsinogen.

In the later stages of the tfial inorganic phosphorus concentra—-
tions declined in all infected animals. Similar results were
recorded by Poppi (1988) who suggested that the established infec-
tion reduces phosphorus absorption from the gut with a consequent
effect on circulating phosphdrus concentrations. Levels were
restored within a week of anthelmintic treatment indicating a rapid
repair of the gut phosphorus absorption mechanism. These effects
were not influenéed'Ey Co status with both infected groups showing

a similar response.

As reported by MacPherson et al (1987) neutrophil function was

unaffectéd’by”OStértagia'OStértagi:infection and only showed differ-

ences due to Co treatment. Michel and Sinclair (1969) demonstrated
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that the regulatory mechanisms governing the extent of Ostertagia
ostertagi infection in calves was immunologically controlled.
Therefore, the greater severity of infection seen in the Co-
depleted cattle may have been due to the impaired immune response

of the abomasal mucosa.

Mean serum vitamin By, and MMA concentrations were not signifi-
12

cantly influenced by Ostertagia ostertagi infection. Previous

workers (MacPherson et al, 1987) also observed that serum vitamin
Byy values were not affected by'fhe degree of parasitic infection
but no-one has specifically examined the influence of Ostertagia
on serum MMA., Although, in. general, MMA concentrations purely
reflected the animals' Co status, low values (<1.00 pmole 1_1)

were detected for one depleted animal. This animal showed the

most severe symptoms of parasitic infection and was virtually
eating no feed. At this point propionate metabolism would have
ceased with a consequent reduction in the amount of MMA produced.
On treatment with anthelmintic, appetite was restored with a con-
sequent increased requirement for propionate metabolism. This
resulted in an elevation of MMA concentrations to around 3.00 pmole
11, Hence, this brings into question the reliability of MMAvas an

indicator of Co deficiency when appetite is reduced by parasitic

infection or indeed by Co deficiency itself.

As in experiment 2, serum vitamin By, measured by radio-assay,
inwgenetal;._produced . higher values than those obtained using the
microbiological technique and further points to thé‘possible need
to define diagnostic criteria for each method of determination.
Further, serum vitamin By, monitored by radio-assay demonstrated

for the Co-supplemented cattle a more marked week to week variation
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than did the values obtained microbiologically. The reasons why

this occurred are unclear.

As the anthelmintic contained 2.77% cobalt sulphate, increased
serum vitamin Bio and decreased MMA concentrations would have been
expected. The Co-supplemented cattle produced very high (>500 ng
1_1) serum vitamin By, values thfoughout the first week following
treatment but probably more as a result of the vitamin Byg injec-
tion given on the same‘aay'aé the Co-supplemented anthelmintic.

On the other hand, the Co-depleted animals produced only a Veri
transient increase in serum vitamin B;, contents which had totally
disappeared by one day folloﬁing the initial treatment. MMA con-
centrations, however, showed no response to Co supplementation,
suggesting that propionate metabolism remained impaired. There-
fore, the addition of Co to the anthelmintic appeared to be an
ineffective means of supplying supplementary Co to cattle. Although
the‘rumen microbial population quickly adapted to the flush of Co
to increase vitamin By, synthesis initially, the amount supplied

was insufficient to maintain this.
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CHAPTER 8 - EVALUATION OF THE EFFICACY OF

COBALT SUPPLEMENTATION OF AN ANTHELMINTIC

8.1 INTRODUCTION

In the past oral dosing with Co, although proving to be a success-—
ful method of treating or preventing Co deficiency has, until
recently, been largely ignored as a routine method of Co-subplemen—
tation. As Co storage within the ruminant is limited,the treatment
must be repeated at regular intervals to ensure deficiency symptoms
do not appeér (Underwood, 1981) with the frequency depending on
both the severity of the condition and the dosage rate. For |
severely deficient animals,a minimum of weekly administered treat-
ments is needed, i.e. 7 mg Co per sheep or 70 mg per cow each week
(Underwood, 1981), but for animals with sub-clinical Co deficiency
monthly doses of 250 mg Co or 1000 mg Co'fof sheep and cattle
respectively may be adequate (COSAC/SARI, 1982). However, even
with monthly dosing, oral Co supplementation is still labéur—
intensive requiring frequent handling. Therefore, it has been
recently suggested that oral Co could be administered to the
ruminant by the addition of Co to an anthelmintic (Hoechst U.K.,
1983, 1984). By usihg this method, no special handling is required

with Co being administered during routine farming practice.

Two trials which involved grazing lambs were set up to assess the
efficacy of a Co—supplemented anthelmintic, i.e. Panacur SC
(suspension containing 25 mg fenbendazole, 0.4 mg Se and 0.95 mg
Co m1~1) (Hoechst U.K.). The trials were also deéigned to test
that the amoﬁnts of Co and Se given in the anthelmintic were non-
toxic. In addition, threezfurther Co supplementation methods,
namely repétitive Co drenching, vitamin By, injection and the

single administration of a slow-release Co bolus were used for
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comparative purposes.. Although the original aim of the work was
to assess both the Co and Se content of Panacur SC, only the
results relating to the effects of Co will be given in detail

"here.

MATERIALS AND METHODS

Trials were carried out at Site 1l: Grainston Farm, Dunblane and
Site 2: Orchardton Farm, Kirkéudbright, both known to have a
histofyvof sub-clinical Co deficiency. At both sites half-bred
ewe lambs were used with the experimental treatments détailed= ...
in Table 8.1. The trials were undertaken in the autumn (September
to December, 1985) using spring-born lambs bred on each farm.
Panacur and Panacur‘SC treatments were administered at the
manufacturers‘ prescribed dosage rates (dependent on the animal's
weight) at the start of the trials énd at monthly intervals there-
after. Cosecure (Coopers Animal Health), a slow-release Co, Cu,
Se bolus, was administered at the start of the trial on site 1.
This --bolus: is composed of a specially impregnated glass which
when embedded“in the reticulum slowly dissolves giving a continu-—
ous supply of Co, Cu and Se (U.K. Wellcome Foundation Ltd., 1984).
At site 2 intramuscular injections of 1000 pg vitamin Bjp (Rycovit
vitamin By) containing cyanocobalamin 250 ug ml_l) or an oral

250 mg Co head™! drench (from a 25 mg Co ml™! CoSO4.7H20 solution)
were given to the appropriate lambs initially and repeated ét
monthly intervals thereafter. In addition to Co supplementation
via Panécur SC and the Slow—releéSe bolus, the lambsvat site 1
grazed'Co-treéted'pasture between days 28 and 57. vBlood sampling
was carried out at the start of each trial and at monthly intervals
thereafter. Additional samples were collected two weeks following
the monthly Panacur treatments, once at site 1 (day 70) and twice

at site 2 (days 42 and 65) (Table 8.2). Liveweights were recorded monthly.
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The Co status was evaluated using serum vitamin Bj) concentrations
as measured by ".f;dix)fai;say: band Se status by the concentration
of the Se containing enzyme GSH-Px in whole blood lysates. Monthly
checks were also made of haemoglobin, plasma Cu and Mg to ensure
these remained adequate. The analytical methods were aé given in

Chapter 3.

RESULTS

8.3.1 Liveweight
At both sites, treatment had no effect on liveweight. For
site 1, liveweight remained fairly constant throughout,.
rangingbétweeniuraveragedf34—38 kg, while at site 2, the
mean liveweights for each group showed a progressive increase

from 42 to 47 kg over the period of the trial.

8.3.2 'Serum vitamin By,

(a) site 1
Serum vitamin By, concentrations tﬁroughout the experi-
ment, irrespective of treatment, remained above the =
threshold value of 400 ng 1~1 (Table 8.2). Twenty-
eight days after the initial treatment, the "Cosecure"
bolus resulted in highly significant (P <0.001)
increases in serum vitamin Bj, concentrations over all
the other groups. Although administration of Panacur
SC also resulted in greater serum vitamin By, concen-
trations than the control and Panacur treatment, the
differences were not significant. However, by day 57
the effects of Co treatment, whether by a "Cosecure"
bolus or Panacur SC, were masked by the fact that the
sheep had inadvertently grazed Co-treated herbage

between days 28 and 57. Two weeks (day 70) after the
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return to Co—-deficient pasture, the administration of
Panacur SC at day 57 resulted in éignificantly (P <0.001)
higher serum vitamin B, concentrations than obtained for
those given Panacur only. However, after a further 14 days
(day 84) despite Panacur SC maintaining higher serum vitamin
B1y concentrations than the Panacur and control—groupsgthe
differences were no longer significant. On the other hand,
the "Cosecure" treatment resulted in significantly higher
values than the contfolr(P <0.05) and Panacur only group

(P <0.01). This remained the case until fhe end of the

trial 120 days after the start.

Site 2

As at site 1, the initial serum vitamin Bio concentrations
were within tﬁe limit of adéquacy, i.e. 3400 ng 171

(Table 8.2). However, by day 28 the serum vitamin Bjy con-
centrations of the Panacur group had fallen to <400 ng 171,
Although concentrations also declinéd in the Panacur SC and
Co groups (by 51 and 34 ng 171 respéctively compared:to

128 ng 17! for Panacur), the fall was significantly much
smaller (P <0.001: SED.= 26.1). From days O to 42, the
increase in éerum»vitamin B;, concentrations was signifi-
cantly greater (P<<0.001: SEﬁ = 34.8) for all the groups
given'Co or viﬁamin 312 than for the Panacur only treatment.
By day 55; the same three Co-treated groups gave mean Sserum
vitamin 312 concentrations significantly above (P <0.05)
that of the Panacur group. While serum vitgmin Byy levels
were énhaﬁced'by aroﬁnd 250 ng 171 14 days after treatment
at day 55; for Ehé groups given the Co drench or vitamin By

injection, Panacur SC only increased concentrations by
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approximately 100 ng 17! over the Panacur only group.
Further, by day 77, both Panacur and Panacur SC groups
produced similar vitamin By, concentrations which were
significantly (P <0.01) lower than those obtained for
either the Co drench or vitamin By, injection treat-

ments.

8.3.3 Glutathione Peroxidase (GSH-Px)

At both sites initial GSH-Px concentrations were below the
deficiency concentration of 30 U ml~Ll cells, but more
markedly so at site 2 (Table 8.3). Within one month of the
first treatment, Panacur SC increased GSH-Px significaﬁtly
above that of the controls (P <0.01 at site 1, P <0.00l at
site 2). Continuedlﬁonthly treatment enhanced GSH-Px con-
centrations to satisfactory levels of around 100 U ml~!
cells at site 1 and 50 U ml™ T cells at site 2 by the end of
the experiment. The administration of Se as a slow-release
bolus at site 1 despite producing a similar improﬁement in
Se status by the end of the trial took longer (57 days) to

show a significant effect.

’ 'bISCUSSION

Panacur SC, although being of benefit as a Se source was generally
not as successful a means of Co supplementation as either a slow-
release Co bolus, Co_drenéh or vitamin B, injection. This was
also found to be the case by Field et al (1988) whoAreported that
a similar product,Ovitelmin S and C (mebendazole suspension con-
taining>0;34_mg Se ml™l and 0;44 mg Co ml71l),was an effective means
of supplyiné Sebbﬁt that monthly administrations failed to sustain
the improved serum vitamin 312 concentrations ;btained after 4 to

7 days following treatment. In this present study, despite Panacur
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SC failing to improve serum vitamin By concentrations signifi-
cantly over controls one month after treatment, samples taken at
intermediate two-weekly sampling dates (day 70 at site 1 and days

42 and 65 at site 2) showed that the product could sigﬁificantly
improve Co status for at least 2 weeks after treatment. Hence,
monthly adminiStrafion will produce an initial boost in serum
vitamin Byo concentrations, followed by a fall until the next treat-
ment date when levels will rise again. Under sub-clinical Co condi-
tions, these short periods of elevated serum vitamin Bjp concentra-
tions may be enough to prevent any loss in productivity but with
clinical Co'deficiency such a method of treatment will be
inadequate. Further, from the evidence presented here there

appears to be no risk of toxicity problems from_the trace element
inclusion rates. In fact, monthly dosing with 250 mg Co at site 2
significantly (P <0.001) improved serum vitamin Bip concentrations
over ‘the controls with no toxicity problems. Such an amount is

some 34 times greater than the amount found in Panacur SC and
suggesté tha£ Co conceﬁtrations in Panacur SC could be safely
increaSed'fo values which could maintain serum vitamin By, levels

between monthly treatments.

In terms of the other Co treatment mefhods, the administration of
eithér'a slow—releaSe bolﬁs; monthly 1000 .pg vitamin Bj) injections
or méﬁthly 250 mg Co drenches all proved to be successful means of
significantly improving serum vitamin Blé concentrations over the
controls, However, at sité 1, access to pasture which had been
treated'ﬁifh Co appeared to have a much greater effect in elevating
serﬁm vitaﬁiﬁ 312 conceﬁfrations than either of the Co treatments
used'ét thié site (slow-trelease bolus or Panacur SC) and on this

farm such a method of Co-supplementation may be the most cost—
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effective supplementation method. On the other hand, at site 2,
monthly treatments with 1000 pg vitamin By, or 250 mg Co led to
improved serum vitamin Bjy levels. These findings coincide with
those given by COSAC/SARI (1982) who suggest that large monthly
treatments with either vitamin B;, or Co are effective provided
the degree of Co deficiency is not too severe and no symptoms of

clinical deficiency are seen.

Throughout the period of fhese trials serum vitamin B), concentra-
tions remained adequate (3400 ng 1"y and particularly at site 2
where a progressive rise with time was seen, probably as a result
of increased soil ingestion when‘pasture supply became limiting in
late autumn. For a true appfaisal of the various Co tfeatﬁent
methods further studies'ére required over a summer grazing period

when Co demand is greater but supply is less.
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CHAPTER 9 - AN INVESTIGATION INTO THE EFFICACY OF COBALT

TREATMENT OF PASTURE IN TERMS OF INCREASING THE COBALT

STATUS OF BOTH HERBAGE AND THE GRAZING RUMINANT

9.1

INTRODUCTION

In the past, various workers (Andrews, 1953; Reith and Mitchell,

19643 Poole et al, 1972; McLaren et al, 1979; Reith et al, 1983;

‘Fleming and Parle, 1984; Evans, 1985; Klessa et al, 1988) have

studied the influence of Co application to pasture as a means of
elevating herbége Co contents. While Reith et al (1983) demonstra-
ted that the application of 0.6 kg Co ha~l as hydrated cobalt
éulphate increased herbage Co concentrations for between 3 to 5
years, others (Evans,'1985; Klessa et al, 1988) found herbage Co
values had fallen to,pre—treatment contents after 1-2 years. Such
variations in response have.been attributed to soil pH (Nicolls

and Honeysett, 1964), high soil manganesevcontents (Adams et al,
1969; Evans, 1985) while McLaren et al (1987) suggested,more
generally,thét plant uptake.of applied Co is related to the ability

of a soil to adsorb Co.

Whereas the influence of Co treatment of pasture has received sub-
stantial interest as a means of increasing herbage Co contents,

less work has been carried out in relation to its effect on the

~grazing ruminant. Instead, most workers have assessed the residual

value of Co treatment by taking regular cuts of grass over a
specific period of time, following Co application to pots (Nicolls
and Honeysett; 1964; Adams et al, 1969) or field plots (Reith and
Mitchell, 1964; Adams et al, 1969; McLaren et al, 1979; Reith et al,
1983; KleéSa_et'al, 1988). From such studies, predictions have been

made as to the likely benefits of such treatments to the grazing
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ruminant, without taking into account how animal factors, such as
soil ingestion, might influence what actually happens in the
animal. In contrast, other researchers (Stewart et al, 1955;
0'Moore, 1957; Whitelaw and Russel, 1979) investigated Co pasture
treatment in terms of improved Co status of grazing sheep but paid

little attention to its effect on herbage Co concentrations.

Fﬁrther, whereas various authors (Voss and MacPherson, 1977; COSAC/
SARI, 1982) state that Co deficiency can be diagnosed from soil

and herbage Co concentrations and from various blood.components,
there appears to be little information available which compares

the relative merité of these parameters. Instead researchers have
concentrated on either refining the methodology used or proposing
better definitive criteria for use with soil, herbage or blood

measurements,

Hence, the aims and objectives of this work were threefold, namely:

1. To examine how Co application to pasture influences soil Co
availability, plant uptake and the Co status of the grazing

ruminant.

2. To assess the merits of the various diagnostic criteria

- commonly used to predict Co deficiency.

3. To compare the cost-effectiveness of Co treatment of pasture
with two direct methods of Co supplementation of the animal,
namely regular vitamin By, injections and the administration

of a slow-trelease Co bolus at the start of the‘grazing season.

In order to carry out these aims and objectives, an animal trial
was established on a site known to have a history of Co deficiency.

As upland improvement schemes have been highlighted as potential
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situations where Co deficiency can arise (COSAC/SARI, 1982), a

recently upgréded field on the farm was chosen for the study.

After splitting the field in two, ome half received an application

of Co at a rate recommended by COSAC/SARI (1982). Over two summers

for both pastures, the Co statuses of the soil, herbage and the

grazing ewes and twin lambs were monitored at regular intervals.

In addition, for comparative purposes, one lamb from each pair on

1986

‘the untreated pasture received monthly vitamin By, injections in

and a slow-release Co bolus at the start of the grazing

season in 1987.

MATERIALS AND METHODS

9.2.1

9.2.2

Site

The experiment was carried out on a 5 hectare field at
Upper Auchinlay Farm, near Dunblane (Grid Reference

NN767028), between April 1986 and September’1987. Three

-years previously, the farmer had upgraded the site by the

application of lime and re-seeding to produce a perennial

ryegrass and clover dominant sward.

Details of the parent materials and soil properties of the

area are given in Table 9.1.

In spring 1986 the field was split in two as shown in

Figure 9.1, and on 18/4/86 when the grass height was short

.. .the appropriate half was treated with 0.6 kg Co ha~l (as

hydrated cobalt sulphate) applied as a spray using an
"Allman" sprayer. As detailed in Chapter 6, the Co solution
was filtered before application to remove the solid

impurities.
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Before the sheep were introduced onto the pastures in 1986, three
galvanised 1.8 m x 0.6 m x 1.0 m cages were placed at random on
both areas as shown in Figure 9.1 and secured to the ground by

metal hooks.

On 12/5/86, fifteen ewes with their twin spfing-born lambs were
introduced to each pasture with each group kept on their appro-
priate area until weaning on 5/8/86. As the farmer used a.
variety of sheep breeds, namely Blgckface, Cheviot, Border
Leicester, Charollais and Half-bred, the ewesvwere allocated to
the treatments in such a way as to eqﬁalise the grOuﬁs in terms
of breed. One lamb from each pair on the untreated pasture was
given a monthly 1000 pg vitamin 312 (hydroxocébalamin BP,

Glaxovet).

The experiment recommenced the following year on 11/5/87 when
another group of fifteen ewes with their ﬁwin spring—born lambs
were introduced té each pasturé as in the previous year, with

the different breed types randomised between the treatment groups
as before. As in 1986, one lamb from each pair on the untreated
pasture was given.a 1000 pg vitamin Byy injection on 11/5/87,
followed by the administration of a slow-release glass bolus
(Cosecure, Coopers Animal Health) on 15/6/87, once the rumen had

become fully functional..

In both years a similar grazing height was maintained for each
sward by rotating a group of young cattle between the two

pastures.

9.2.3/
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9.2.3 Parameters measured

(a)

b)

(c)

Soil

Soil samples were taken at the beginning and end of each
grazing season by the methods detailed in Chapter 3. On
each sample,pH, % loss on ignition. and available Co was

determined by the procedures given in Chapter 3.

Herbage

Monthly herbage samples were collected during the summer
months in 1986 and 1987. At each sampling date a total of

three samples were taken from each pasture, namely:
(i) sheep shear cut;

(ii) electric shear cut;

(iii) a representative sample from the grass growing in

the cages, using the electric shears used for (ii).

In 1986, using the sampling procedures given in Chapter 3,
Co and Ti were determined using d.c. arc spectroscopy,
while in 1987, Co and Fe were measured by inductively

coupled plasma (I.C:P.):spectroscopy (Chapter 3).

Animals

Both liveﬁeights and serum vitamin Bj, concentrations
(radio*assay procedures) were,monitored monthly during each
grazing season using the techniques given in Chapter 3.
Random checks on haemoglobin, plasma Cu and Mg and the Se
enzyﬁe, glutathione peroxidase, were determined on a
representative number of samples taken on 9/6/86, 7/7/86,
5/8/86, 15/6/87 and 6/7/87 using the methods given in

Chapter 3.
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9.3 RESULTS

9.3.1

9.3.2

Soil Co concentrations

Co treatment of pasture had no measurable effect on avail-
able Co concentrations as assessed by 2.57 acetic acid

(Table 9.2). The mean value of 0.43 mg Co kg~1

, using the
MISR/SAC (1985) interpretative criteria, indicated that the

soil was likely to produce Co-deficient herbage.

Herbage Co contents

During 1986, all herbage from the Co-treated pasture,
irrespective of how thé sample was taken, contained higher
Co copcentratiéhs than those from the untrea;ed pasture
(Table 9.3). 1In addition, untreated pasture between June
and August produced herbage containing <0.10 mg Co kg_1 DM,
whilst Co treatment maintained herbage Co contents >0.10 mg
kg’l DM. This occurred despite the rapid fall in Co concen-

tration of Co-treated pasture during the grazing season.

However, by 1987, the herbage Co concentrations of the Co-
treated pasture had fallen to values which were very similar
or only slightly above those of untreated pasture. In
general, both pastures produced herbage containing <0.10 mg
Co kg—1 DM, with very low Co concentrations in the range
0.02-0:06 mg Co kg’l DM monitored for the untreated pasture

in July.

On average, for both years, the grass samples taken with
the'electrié shears contaiﬁed‘more Co, Ti (in 1986) and Fe
(in 1987) than those Samplea using the hand shears, indica-
ting a greater soil contamination of the electric shear cut

samples, When the Co concentrations of the grass from the
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Table 9.3 Herbage Co and Ti (Fe) contents from cuts taken in 1986
and 1987 at Upper Auchinlay Farm

Samples from

untreated pasture

Samples from

Co-treated pasture

Hand Electric Cages Hand - | Electric Cages
shears shears shears shears

12/5/86
Co (mg kg™ 1) 0.12 1.28 ND 7.06 6.57 | D
Ti (mg kg”1) | 40.0 799.0 ND 44.6 558.0 ND
9/6/86
Co (mg kg™ 1) 0.10 0.09 0.06 0.77 1.88 0.81
Ti (mg kg™1) | 19.6 20.9 7.5 20.3 47.0 9.5
7/7/86
co (mg kg™ 1) 0.05 0.08 0.06 0.27 0.29 0.35
Ti (mg kg™t) | 14.1 16.1 12.9 21.6 16.2 13.9
5/8/86
Co (mg kg 1 0.05 0.08 0.07 0.14 0.16 0.28
Ti (ng kg 1) | 11.9 25.0 11.7 10.3 12.6 16.8
11/5/87
Co (mg kg™1) ND ND 0.06 ND ND 0.16
Fe (mg kg 1) XD ND 196 ND D 233
15/6/87
Co (mg kg™1) 0.07 0.13 0.03 0.07 0.12 0.06
Fe (mg kg™ %) | 180 192 77 115 185 88
6/7/87
Co (mg kg™ 1) 0.05 0.06 0.05 0.08 0.09 0.05
Fe (mg kg™ 1) | 114 135 111 120 139 98
30/7/87

© Co (mg kg ) 0.02 0.05 ND 0.05 0.08 0.02
Fe (mg kg ) | 130 159 ND 92 123 80
17/8/87 |
Co (mg kg ) 0.05 0.07 | o0.08 0.06 0.07 0.04
Fe (mg kg™1) | 114 180 219 122 152 121

Note:

ND

= not determined as

insufficient sample available
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cages was compared with the results from the rest of the field,
as sampled with either hand or electric shears, no consistent

trends were seen (Table 9.3).

Liveweight

In both years, gfazing Co-treated pasture had no significant
effect on the 1ive@éights‘of ewes recorded at any sampling date.
(Table 9.4). However, it led to a small (2 kg) improvement in
the overall liveweight gain in both grazing seasons, when com-
pared with that of e&es given access only to untreated pasture

(Table 9.5).

Similar results were obtained for the 1ambs,»with Co treatment

of pasture increasing the overall liveweight gains over the
grazing season by 0.8 kg in 1986 and 1.7 kg in 1987 compared

with the controls (Table 9.5).‘ However, in 1986, monthly vitamin
Bio injections improved liveweight gains by a further 1.4 kg
above that of lambs grazing Co-treated pasture. In contrast,

the administration of the slow-release bolus in 1987 produced

an almost identical response in liveweight performénce to that

of lambs grazing pasture treated with Co.

In 1986, grazing Co-treated pasture significantly (P <0.001)
increased serum vitamin Bio concentrations of both ewes and
lambs above the controis, and led to serum vitamin Bio levels

of >2000 ng 171 one month after introduction to the Co-treated
pasture (Table 9.6). Although these values declined during the
remainder of the grazing season, they always remained >1000 ng
17}, Serum vitamin By, concentrations of the controls also fell

between June and September to finish just above the deficiency



Table 9.4 Mean monthly livéweight (kg) of sheep from trial site
at Upper Auchinlay Farm (+ S.E.)

Dam _ . Lamb
Date Untreated Co-treated | Untreated Co-treated | Vitamin By,
pasture pasture pasture - pasture or bolus
{n=15) (n=15) (n=15) (n=30) (n=15)
12/5/86 | 46.3 + 1.5 | 46.7 = 1.5 6.4 £ 0.6 6.3 + 0.3 7.1 £ 0.5
9/6/86 54,7 £ 1.8 56.2.i 1.7 14.1 £ 0.8 14.6 + 0.4 15.8 = 0.9
7/7/86| 58.9 % 2.3 | 60.7 + 1.9 | 21.7 + 1.2 | 21.5 * 0.5 23.4 £ 1.2
5/8/86 57.8 £ 1.9 60.5 = 2,2 27.4 = 1.4 28,1 £ 0.7 30.1 + 1.4
11/5/87 | 54.1 +* 2,1 | 54.8 £ 2,0 | 10.6 £ 0,9 | 10.0 * 0.5 | 10.8 + 0.8
15/6/87 57.5 * 1;7 58.7 £ 2,0 [ 19.7 + 1.1 19.6 = 0.7 20,9 = 1.2
6/7/87| 60.7 * 2,0 | 62.4 % 2,0 | 24.9 £ 1.4 25;6 * 0.9 26.2 + 1.2
30/7/87 | 59.2 % 2.0 | 63.1 £ 2,1 | 29.3 £1.,5 | 29,9 * 1,0 | 30.6 * 1.6
17/8/87 60.9 ¥ 2.3 63.4 £ 2,2 30.8 * 1.6 31.8 £ 0.9 31.7 + 1.5




Table 9.5 Overall mean liveweight gains (kg) over each grazing season of
sheep from experimental site at Upper Auchinlay Farm ( £S.E.)

Dam Lamb
Year Untreated Co-treated Untreated Co-treated Vitamin B12
pasture pasture pasture pasture bolus
(n=15) (n=15) (n=15) (n=30) (n=15)
1986 11.5 +0.9 13.8 + 1.3 21,0 £ 1.0 21.8 £ 0.6 | 23.1+ 1.1
1987 6.9 1.3 8.6 1.1 20.5 £ 1.0 22.2 £ 0.6 22,0+ 1.2




Table 9.6 Mean monthly serum vitamin By, (ng 1-1) concentrations of sheep from
trial site at Upper Auchinlay Farm ( S.E.)

Dam Lamb
Date Untreéted Co-treated | Untreated Co-treated | Vitamin B,
pasture pasture pasture pasture or bolus
(n=15) (n=15) (n=15) (n=30) (n=15)
12/5/86 | 1080 * 99 1170 * 90 860 * 94 870 * 117 930 * 150
9/6/86 890 + 114 2270 + 127 690 *+ 123 2140 + 108 930 + 145
7/7/86 470 * 55 1860 * 88 240 * 34 1630 * 86 450 + 74
5/8/86 450 % 57 1670 * 86 180 % 14 1360 * 61 520 + 76
11/5/87 1080 + 99 1010 * 118 730 * 130 740 * 72 780 * 127
15/6/87 790 * 140 1140 * 117 270 = 37 590 + 54 420 62
6/7/87 600 * 109 | 1000 * 98 230 *+ 25 640 * 43 . 840 * 103
30/7/87 590 * 76 ’980 + 93 290 * 36 510 * 36 780 * 135
17/8/87 480 i 64 990 + 94 230 + 37 480 =t 42 850 + 95
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threshold of 400 ng 17! for the ewes, while the lambs produced
values indicative of Co deficiency at both the July and August

sampling dates (Table‘9.6)f

In 1987, after one mgnth of grazing - "Co'-treated pasture, serum
vitamin By, concéntrations for both ewes and lambs were signifi-
cantly (P <0.05) incréased abové the controls (Table 9.6).
Despite the values declining during the femainder of the grazing
seasons, in the vitamin Blz—treatéd animals they always remained
>400 ng 17! for the lambs and >900 ng 17! for the ewes. In
contrast, the control lambs produced serum vitamin Bj,) concéntra—
tions of <400 ng 171 from Junekonwards, while the control ewes
maintained serum vitamin By, levels jﬁst above adequacy, i.e.

400 ng 171,

Direct animal Co supplementation either by monthly vitamin B o
injectioné in 1986 or the administration of a slow-release bolus
in 1987 produced serum vitamin B, concentrations above that of
the control and >400 ng 171 (Table 9.6). In 1986, although
regular Vitamin'B12 injections led to enhanced serum vitamin Bis
concentrations, the values were always significantly (P <0.001)
lower than those obtained for‘lambs grazing the Co-treated
pasture. On the other hand, the administration of the slow-
release bolus in June 1987 significantly (P <0.05) increased
serum vitamin By, 1evels~abové those bfvlambs grazing the Co-—

treated pasture from July onwards.

Throughout both years haemoglobin, plasma Cu and Mg and whole
blood GSH-Px concentrations remained within the normal range for

all the treatment groups.
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DISCUSSION

Despite Co treatment of pasture having ho effect on acetic acid
extractable soil Co, herbage Co éoncentrations were substantially
increased above the untreated pasture during the first year. This
is at variance with other workers (Reith et‘al, 1983; Evans, 1985).
where similar rates of Co application increased the extractable
soil Co levels by 0.1-0.7 mé Co kg_l soil. Further, Evans (1985)
still obtained a difference of >0.1 mg available Co kg™l soil
between untreated and treated pasture fiﬁe yeérs after Co appli-
cation despite finding no differences in the Co content of the
respectiﬁe pastures by this stage. HoWéver, McLaren et al (1979)
only fqund a markéd increase in'extractable Co following cobalt
sulphate applicatién at two out of a total of four sites examined.
McLaren et al suggest that this may be a resuit‘of the error
in&olved in. sampling an area which is larée in relation to the
increases in 'available' Co brought about by the Co treatment.

in their ﬁork, Mclaren et al calculated that a 0.6 kg Co ha™l
application will add 0.17‘mg Co kg-l to the topsoil. However,

not all éf this Co will enter the available pool of soil Co, for
example, some Co will never reach the soil beingvretained on the
foliage and consumed by the grazing animal,.while a further pro-
portion;'whiCh does enter the soil, will become bound in unavaii—
able forms to various soil components., Hence, as stated by Mitchell
(1964) the small additions of Co following cobalt sulphate treat-

ment may be undetected by acetic acid extraction.

Co application to pasture only produced herbage Co concentrations
in excess of 0.10 mg Co kgm1 during the first grazing season, with
the values obtained in 1987 regarded as inadequate for the grazing

ruminant. In the first year, very high herbage Co concentrations
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were obtained one month after treatment as a result of foliar con-
tamination. These declined during the following months as the
herbage was consumed by the grazing sheep or as rain washed the
adhering Co into the soil. However, it must be bourne in mind
that even the samples taken with the hand shears, one month after
the Co application (12/5/865, were subject to substantial soil
contamination (a value of >10 mg Ti kg_l taken as indicative of
s0il contamination problems) which would have falsely elevated the

measured herbage Co contents.

Low residual values to Co application have also been obtained by
others (McLaren et al, 1979; Evans, 1985; Klessa et al,’1988);
Mitchell and Burridge. (1979) found that liming reduced the.uptake
of Co from Co-treated plots and the relatiﬁely high pH of 6.2 at
the Upper Auchinlay site may explain, at least partly, the poor
response to Co application. However, Reith et al (1983) found a
residual value of between 2-3 years following a similar épplica-
tion rate of Co to‘a mineral soil of pH 6.1-6.2. Hence, soil
acidity is unlikely to be the sole explanation but may be accon-
tributory factor increasing the reactivity of various soil compon-
ents, such as the soil oxides to Co. McLaren et al (1986) suggested
that soil oxides have a strong affinity for Co and can bind CoAin
unavailable forms. This was also fouﬂdbto.be the case for
Australian soils particularly in relation to manganese oxides where
Adams et al (1969) suggested that soils of high totai Mn (i.e.
'k>1000 mg Mn kg_lj were unlikély to respond to applied Co. Although
the total Mn .content at the Upper Auchinlay site was énly 667 of
this value, this in conjunction with a pH 6f 6.2 may account for
the low residual value in terﬁs of the poor Co uptake of the

herbage in the second year.
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Iﬁ both years, grazing Co-treated pasture improved the liveweight
performance of both ewes and lambs over the controls despite the
herbage Co concentrations in 1987 being classed as deficient. 1In
addition, Co application of pasture produced higher serum vitamin
B12 levels tﬁan the confrols and throughout Both grazing seasons
maintained values >400 ng 171, While serum vitamin B;, concentra-
tions of the control lambs fell to around 200 ng 178 in July and
August 1986 énd from July onwards in 1987, the control ewes always
maintained serum vitamin By, values within the adequate range, but
at least 300 ng’l_1 below tﬁoée ewes gfazing the treated pasture;
The elevated serum vitamin Byy concentrations in 1986 found for
sheep grazing Co-treated pasture can be accounted for in terms of
the enhanced herbage Co contents of the treated pasture. However,
this cannot be the reason for the 1987 results as both untreated
and trgated herbage contained almost similarly low Co concentra-
tions. One possible way of explaining the results is in terms of
soil ingestion. Desﬁite acetic acid failing to show any difference
in the soil Co coqtent following Co treatment in samples taken to

é depth of 15 cm,the “top: few centimetres below the soil surface
may contain higher Co concentrations than the rest of the profile
and substantially more than untreated pasture. In particular, this
will be the case for a soil which has a 1afge(kradéorbéti&ecapdcity.
For such soils, when the appliéd Co enfers the soii it will be
rapidly adsorbed and retained by various soil components near the
soil surface. In the course of grazing, the ruminant will consume
some of this Co enriched soil, along with herbage. According to
Brebner and Suttle (1987) at least some of the Co iﬁ sqil is avail-
able for microbial synthesis of vitamin B;, in the rumen and, hence,
enhances the Co status of the animal. Soil ingestion is normally

regarded as making a significant contribution to Co intake of
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ruminants from late autumn thfough to the spring (Thornton, 1983),
when grass is in short supply but it is normally regarded as being
less important during the summer. However, McGrath et al (1982)
found sheep could consume up to 400 g soil kg—l body weight between
May and early November. This will be at a maximum when the grass
is kept short crqpped as was seen in the early part of the summef
6f 1987 at Upper Auchinlay Farm. In fact grass growth was so poor
in May 1987, when the sheep were introduced to the pastures, that
no.grass samples could be taken from the fields. During the
remainder of the grazing season, grass supply was greater than was
seen in May 1987 reducing soil intake and, hence, may account for

the fall in serum vitamin Byo concentrations seen between June and

August for both ewes and lambs on the Co-treated ground.

The findings of this trial call into question the validity of both
soil and herbage Co analysis in the diagnosis of the likely Co
status of grazing ruminants, particularly following Co application
to pasture. The measurement of soil Co by the extractant acetic
acid was unaffected in eithér year by Co treatment of pasture, and
when the values obtained were interpreted using MISR/SAC (1985),
the soils from both areas were classed as Co—deficient. Although
herbage Co concentrationsvof samples taken in 1986 from the fields
with either hand or electric shears correlated well with the serum
vitamin By, Qalues of the ewes and lambs (r = 0.98, P >0.001 for
Co-treated pasture and r = 0.874, P >O.C5 for untreated pasture),
non-significant relétionships were seen in 1987. TFurther, in 1987
while both pastﬁreé, irrespectivg of cutting method, gave a herbage
Co content <0.10 mg Co kg—l (0.10 mg Co kg‘l being régarded by ARC
(198é) as the minimum requirement for ruminants), ewes and lambs

grazing the Co-treated pasture showed an improved Co status.
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At all sampling dates, the samples taken with the electric shears
led to greater soil contamination than those obtained by hand
shears as assessed by either herbage Ti or Fe concentrations, with
a consequent increase in the measured Co content of the herbége
saméle. However, these Co values did not show any improvement over .
those obtained with hand shears in relating the herbage Co content
to the animals' Co status. Thus, despite the fact that soil
ingestion may make a substantial contribution to the Co intake of
grazing ruminants, soil contaminated herbage as oBtained by
electric shears does not give a measure of the Co available to the
rumen micropqpulatioh'for the synthesis'of vitamin Bjp. This
further suggests that electric shears do ﬁot mimic the grazing -
aﬁimal, and the soil_removed by eiectric shears doesknOt correépond

to what is actually ingested by the grazing animal.

The Co concentration of herbages taken froﬁ the cages gave'poorer
correlation coefficients when regressed with the animals' serum
vitamin Bjy values than those obtained from the field by either
the hand or electric shears. This exemplifies the statement of
‘West (1981) that it is "a mistake to fence off part of a grazing
stock field for sampling since the animal may graze selectively
and, furthermore, cropping alters the plants' ability to take up

trace elements from the soil."

In terms of increasing the liveweight production of the lambs, in
1986, monthly vitamiﬁ Bys injections proved to be the most effective
method, but in 1987, the slow-release bolus and Co treatment of

A pasture both gave a similar rgsponse.' However, in. terms of coét,
tréatment by monthly vitamin Bjo injections over five months for

two years is almost four times as costly as either Co treatment of

pasture or the administration of a slow-release bolus (Table 9.7).
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Further, the injection regime necessitates frequent handling during
a busy time in the farmer's year. Consequently the administration
of a slow-release bolus or Co-application to pasture appear to be
the most cost—effecfive methods of Co supplementation at Upper

Auchinlay and similar farms.
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CHAPTER 10

GENERAL DISCUSSION AND A LOOK TO THE FUTURE

At the experimental site at Upper Auchinlay Farm a combination of factors

resultéd in Co-deficient summer herbage (<0.10 mg Co kg_l) for the

untreated pasture in both 1986 and 1987, and the Co-treated pasture in

1987,

(1)

(ii)

namely:

Inherent low soil Co concentrations

The parent material, 0ld Red Sandstone, of the area is inherently
low in Co (Mitchell, 1960) and, on weathering, will produce soil
containing little Co. The problem is further exacerbated as soil
Co availability is reduced as a result of the free draining nature
of the soil (Mitchell et al, 1957). Therefore, for these reasons
COSAC/SARI (1982) defined the soil series, Dunblane, as being of
moderate risk of producing low Co concentrations in summer herbage,
and indeed during the two summers of the experiment, untreated

pasture contained <0.10 mg Co kg-l.

Various management schemes would reduce herbage Co concentrations
In addition to an inherent Co deficiency proElem, various farming
practices such as liming and fertiliser-N application will further
reduce the availability of Co to the grazing ruminant. Although
it was not shown conclusively in the grass species and pH pot
trial (Chapter 5) that liming reduced soil Co availability, others
(Mitchell, 1954; Wright and Lawton, 1954; Mclaren et al, 1987;
Klessa et al, 1988) have found that liming to a pH >6.0 has a
detrimental effect on Co uptake. The experimental site at Upper
Auchinlay Farm produced pH values in excess of pH 6.0 three to
four years after lime application. However, it is difficult to

assess how much this application altered the Co status of the
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pasture since no data was available oneither:the original pH values

or. the herbage Co concentrations before lime was applied.

Thevfarmer's policy at Upper Auchinlay Farm was to apply an annual
dressing of 87 kg N ha~l as ammonium nitrate in May. Field plots
set up at the experimental site, as described in Chapter 6, showed
that such a fertiliser—N treatment did reduce_the herbage Co.
content of the pésture. However, iﬁ both 1986 and-1987 the
experimental ﬁlots receiving no fertiliser-N and no Co treatment
maintained herbage below 0.10 mg Co kg_l, the recommended minimum
value. Thus, even without fertiliser-N application, the herbage
Co content would be inadequate for grazing sheep and some form of
Co supplementation would be required to ébtain maximum producti-
vity. On Co-treated pasture, fertiliser=N applica£ion also
reduced the Co concentration of herbage (Chapter 6). However,
during the first summer following Co treatment (i.e. 1986) even
after fertiliser-N treatment, herbage Co concentrations were main-—
tained above the recommended guidelines. By the second summer
(i.e. 1987), irrespective of whether fertiliser—N was applied,

the herbage Co concentration was below 0.10 mg Co kg—l. Hence,

at Upper Auchinlay Farm, fertiliser—-N application had little
influence on determining whether thevﬁasture contaiﬁed sufficient
Co for the grazing sheep. However, on other farms where untreated
pasture.contains borderline Co concentrations,rfertiliser—N appli-
cation could change a.Co—adéquate pasture to a Co—deficient

pasture. The results from Chapter 6 suggest that this effect

will be more promounced if nitrochalk is used.

At the experimental site, the sward, which was established in 1983,
consisted mainly of perennial ryegrass and clover. Since no data

is available on the Co concentrations of the native sward it is
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impossible to establish the extent to which the introduction of
these grass species altered the Co status of the site. However,
other workers (Voss and MacPherson, 1977) suggested such a change
would have a detrimental effect on the Co content of the pasture.
At any particular time, the herbage Co concentrations will not
only be determined by the grass species, but factors such as
stage of maturity and grazing regime, will also govern the Co

content of the pasture.

From the results in Chapter 5, it appears that although the
perénnial ryegrass/clover rich sward at ﬁpper Auchinlay Farm
contained a greater Co content than would have been the case in
a timothy rich sward;.Co supplementation of the grazing ewes
would still be required. Therefore, at this site, the choice
of grass species in a re-seed mixture would be relatively
unimportant since. Co treatment of the sheep woﬁld still be

required even when the most Co rich grasses were sown.

(iii) “The strong adsorption of soil appiied Co
From the fiﬁdings in Chapter 4, the relatively high pH of 6.2 at
the experimental site would appear to be the main reason for the
poor résidual value of the épplicatioﬁ of 0.6 kg Co ha~l as
hydfated cobalt sulphate to pasture. Such a pH in conjunction
with the clay loam texture and relatively high sesquioxide con-

1, Total Fe = 3.1 x 1041& mg Fe

tent (Total Mn = 660 mg Mn kg-
kg—l) would result in a strong irreversible binding of the soil

applied Co.

Hence, due to the inherently low Co content of soil at Upper Auchinlay
Farm, herbage Co concentrations of untreated pasture were insufficient

for grazing ruminants and produced serum vitamin Bjo levels <400 ng 171
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in lambs (Chapter 9). Various farm management factors (e.g. liming,
fertiliser—N application‘and re?seeding) wbuld further reduce Co avail-
ability to the grazing ruminant. However, it is impossible to establish
the extent to which these factors altered the Co status of the.pasture,
i.e. whether their use changed the paéture from one of borderline Co

status to a Co-deficient pasture.

Af Upper Auchinlay Farm, Co supplementation resulted in a slight improve-
ment in animal productiviﬁy as seen by the small increase in liveweight
gains of ewes and lambs receiving Co. However, probably of more impor-
tahce is the improved immuﬁe response following Co treatment. In
Chapter 7, an improved immune status was obtained after Co administra—
tion to Co—-depleted cattle, and Fisher and MacPherson (1986) found a
similar effect in sheep. Heénce, when Co intake is insufficient the
reduced immune response exacerbates the direct effect of Co deficiency
on animal productivity.by increasing the incidence of infection and
disease. This can result in a greater severity of gastro-intestinal
parasitic infection as was found in Co-depleted cattle (Chapter 7) and
the lowered viability of lambs born-to Co—deficient ewes (Fisher and

MacPherson, 1986).

At the experimental site, monthly vitamin Byo injections, administration
of a slow-release bolus oY Co treatment of pasture proved to be success-
ful methods of increasing serum vitamin Bj) concentrations above the
deficiency threshold (Chapter'Q); However, extrapolating thesebfindings
to other farms is$ difficult. Factors such as cost and feasibility will
determine which method is fhe most suitable on any individual farm. At
Upper Auchinlay Farm the farmer's policy is to use a Co-supplemented
anthelﬁintic. From the results presented in Chapter 8, such a method
will be of some benéfit; but - is unlikely to be as successful as monthly

vitamin Byy injections, administration of a slow-release bolus orf Co
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treatment of pasture, in alleviating Co deficiency. By using one of
these other treatment methods the farmer may see an improvement in
animal productivity both as a direct Co effect and also from a reduced

incidence of disease and infection.

From the work at Upper Auchinlay Farm and the other experiments various

areas appear to merit further investigation, such as:

(i) Adsorption/desorption

1) A more detailed study looking at a greater range of soil
types in order to determine more accurately the soil proper-
ties governing Co adsorption and desorption is merited. This

is particularly required for Co desorption.

2) The production of one or more equations which can relate the

properties of a soil to its likely response to applied Co.

(ii) TFertiliser—-N application

Confirmation of the present findings is‘reQuired together with
invesfigationé of the validity of some of the hypotheses advanced.
For example, how do>NO3-N and NH,-N influenée Co uptake and what
are the long-term éffécts of different forﬁs aﬁd rates of
fertiliser-N application on Co availabiiity and the influence of

these~on changes in soil pH and clover content of a sward?

(iii) 'Diagnosis of Co status

1) An attempt should be made to obtain a better soil extractant
Which can predict more accurately the availability of both .
native and soil applied Co. When acetic acid was first
proposed as an extractant analytical techniques were insensi-
tive. However, with the advent of more sensitive instruments

it should be possible to examine extractants which remove
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smaller quantities of Co and more clearly mimic Co plant

availability.

2) Further study into the use of serum MMA as a diagnostic
marker of Co status in ruminants should be undertaken and
diagnostic criteria defined. 1In particular, the effect of

inappetence on serum MMA should be examined.

3) A comparison of serum vitamin By, values obtained by the
@icrobiolégical and radio-assay methods for cattle should be
made and reasons for the differenmces that exist determined.
If the findings of Chapter 7 are confirmed then separate
interpretive criteria for both determinations should be

drawn up.

Immune response relationship to Co status

The mechanisms behind the poor immune response of ruminants when
dietary Co intake is low require elucidation. Further studies
are required to relate the impairment in immune status to the
enhanced susceptibility of Co-deficient ruminants to disease

and infection.

Prevention and treatment of Co deficiency

The effectiveness of Co pasture treatment as a means of prevent—
ing Co deficiency should bekfurther'investigated by examining how
much of the enhanced Co status of the grazing ruminant can be
attributed to ingestion of Co—enriched soil. Thié would require,
among other things, an assessment of the distribution of the

applied Co down the soil profile in different soil types.
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APPENDIX I Mean dry weight yields, and Zn, Mo, Mn and Fe concentration of herbage

from grass species and pH pot trial (Chapter 5)

(a) Mean (n=4) dry weight yields (g pot—l) of pH and species treatments from the grass species and pH pot

trial (Chapter 5) (* S.E.)

(1) First cut

Species

Red

fescue
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+l

5.2
8.5

+

Meadow
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+ 0.5

1.3
0.4
0.3

+

3.6

+

-+

Timothy

0.9

17.5

+1.0

13.0

1.6

18.5

+0.9

20.0

Perennial
ryegrass

0.7

l4.6

+ 2.8
0.9

15.2

13.8

1.3

17.4

Italian
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13.2

+ 0.8

15.2

1.3
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White
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.2 1.7
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16.2 + 0.8

Mixture

+ 1.0
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+* 0.5
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5.5
6.0
6.5
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(b) Mean (n=4) herbage Zn concentrations (mg Zn kg DM-l) of pH and species treatments from the grass species

and pH pot trial (Chapter 5) (+ S.E.)

(i) First cut
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(ii) Second cut

Species

Red
fescue

0.3

15.5 + 1.2
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17.6

l.

+l

14.5 + 1.

Meadow
grass

1.1
1.9
1.0

24.4

18.5 +
18.7

+l

19.0 £ 0.8
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1.5
1.7
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ryegrass
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Mixture

32.7 +

1.9
0.5
1.7
0.7

28.4 *

23.8 +

21.5 +

Nominal

pH

5.0
5.5
6.0
6.5




(¢) Mean (n=4) herbage Mo concentrations (mg Mo kg DM—l) of pH and species treatments from grass species

and pH pot trial (Chapter 5) ( £S.E.)

(i) First cut
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(1i) Second cut

~ N~
O N ~ «
e e o o
g oo oo
s O H + H H
o u
[« ) QO 0 ©
L2 0 W -~ -
* o e 0
o~ NN
oo nw
= - Mmm
* e o o
3 oo oo
(ol ]
T 0 H H H H
G ©
U M - N o
= o o m <t
e e e @
N N N
n ~ W
NN~ M
e e * 0
E [~ == =]
46: H oH H
& ) << M
o <t o N
5] o o o o
N ™
-~ <0 1N
o~ N~
- e o o o
© un od oo
—~ W -
(=3 ] +l 4+ +H H
o N ’
] v o © o <
] [ ) ~ n
i L > e o & @
4] [sTRR =} ~ N
] .
Q
47]
' - ™M
- - o~
O] e o o o
o u oo oo
© @
o +H H HH
- O
o o - v o
Ho>y — < O N
HH e ® e
= -~
N VN o
(= B B
e e o o
¥ coo oo
[}
P> + H H A+
.,-|0
g~ —- 00
= 0 v o m
* ‘e o
o
~NO M~
o ~ N ~
e o o o
8 oo oo
=} HoH A H
r]
M conr~ N
s} - 0 -~ O
= e o o o
— -~ NN
—~
4}
(=}
I o mn o
E o e o o o
(9} Nt O ©
&




66T

§G T 68¢ L+ 08 * 9€§ LT ¥ G99¢€ 8T + 6TI€ ¥ F 099 9T + 2Z§ G°9
TT + 8T¢ TE * 7ot ¢O0T ¥ 8§ G¢ + 86¢C 9z * ¥6€ 79 F L9L SZ ¥ LOS 0°9
99 ¥ zS€ G8 ¥ TO€ 8Z * V9 Gz * L8E v + T¥¥ ooH.ﬂ (4747 €2 ¥ €IS S°S
0¢ * gzt ¥z + 622 Ly ¥ 0€¥ 8 ¥ 66¢ TIT + LSE 99 + SS0T SC + 6G€ 0°s
2NnosaJ sseab ssvibalkia sseabola uw>oHo.
pay MOpRSK Aq30uty TetuuaIag uerTe3I 53TUM SINIXTH ad
TeuTuoN
satoads
3no puodds (T1T)
ST F TLT LT ¥ 2T€T 0T + 29% 9T + €6T 0€ + 29C v ¥ vPE LT ¥ 29C g°9
1T + TST ZT + S¥vT €S + 8TV Z¢ ¥ P91 L ¥ STI¢ 9 ¥ LEg 0z + 982 0°9
VT ¥ 6TC 0C ¥ GST 8T ¥ 667 6T ¥ STIC LT ¥ T9C ¥z * 6ve 9T + ¥9¢€ S°S
IT ¥ &CT 9 F 6%1 1T + €0% 8T + 9€T 6 * 8€E ¥T ¥ 08% ST ¥ €6¢€ 0°s
anosay sseib ssexbalka sseiboka I2AOTD
poy MOpeaR Aqzouty TeTuuarag uetTe3T 23TUM SINIXTH ud
. TeUTWON
satoadg

sselb woiF sjusuwlearl saroads pue Hd Jo Aauzn by

ano 3satd (7T)

(*g°s ¥) (g xe3deyd) Teray 30d Hd pue
ul Bbur) suor3leiIjzUaOUOD UK dbeqIdy (F=u) uesax (p)




(e) Mean (n=4) herbage Fe concentrations (mg Fe kg DM-l) of pH and species treatments from grass

and pH pot trial (Chapter 5) ( £S.E.)

(i) First cut
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APPENDIX II Herbage Fe concentrations (mg Fe kg DM"l) for the different
species grown at the two different sites investigated in the
grass species field trial (Chapter 5)

Balig Sclenteuch
Species
1st cut 2nd cut 1st cut 2nd cut
Clover 96 S0 ) 78 70
Italian ryegrass 107 121 44 53
Perennial ryegrass 115 90 72 88
Cocksfoot 92 72 47 73
Crested dog's tail 105 72 34 93
Timothy 94 73 61 87
Yorkshire fog 101 76 40 107
Meadow foxtail 91 95 'ND ND
Meadow grass 99 ND 36 117
~ Sweet vernal 70 ND ND ND
Poa compressor ND ND 56 129
Bent ND 69 56 71
Red fescue 70 66 43 67
Vetch ND‘ 78 ~ND ND

ND = not determined
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APPENDIX IV Mean concentrations of the various parameters determined for
the cattle in Experiments 1, 2 and 3 described in Chapter 7

(a) Mean concentrations of the various blood parameters determined
for the six cattle in Experiment 1 (Chapter 7) over the whole
trial (+ S.E.)

(i) Co depletion (6 cattle)

Blood parameter No. of Trial mean
samples .
Haemoglobin (g 100 m1™l) 152 10.29 +0.10
Plasma glucose (mg %) 151 78.4 + 0.56
Alkaline phosphatase (U 171) 151 214.1 *3.96
Aminotransferase (ST ml 1) 91 54.4 +0.74
GSH-Px (U ml™ ! cells at 30°C) 152 27.6 +1.17
Plasma Ca (m moles l-l) 151 2.54 +0.01
Plasma Mg (m moles 1 1) 151 0.99 + 0.004
Plasma Cu (K moles 17T) 151 11.83 + 0.13
(ii) Co repletion (4 cattle)
Blood parameter No. of Trial mean
: samples
Haemoglobin (g.100 ml~l) 52 | 10.07 *0.16
Plasma glucose (mg %) 52 74.5 *0.77
Alkaline phosphatase (U 171) 52 | 168.4 *3.65
Aminotransferase (ST ml™1l) 52 53.3 +1.,13
GSH-Px (U m1™ ! cells at 30°C) 52 31.1 *1.05
Plasma Ca (m moles l_l) 50 2.48 * 0.03
Plasma Mg (m moles l_l) 50 1.01 *0.01
Plasma Cu (W moles 17 1) 51 12.60 * 0.23




(b) Mean concentrations of the various blood parameters detérmined
for the nine cattle in Experiment 2 (Chapter 7) over the whole
trial (+S.E.) : '

(i) Co supplemehted (5 cattle)

Blood parameter No. of Trial mean
samples v :
Haemoglobin (g 100 m1™1) 54 9.86 * 0.20
Plasma glucose (mg %) . 54 88.2 % 1.84
Alkaline phosphatase (U 171) 53 315.0 +10.9
Aminotransferase (ST ml™1) 54 53.8 + 2,27
GSE-Px (U ml™1 cells at 30°C) 54 45.1 £ 1.30
Plasma Ca (m moles l_l) 54 2.53 + 0.04
Plasma Mg (m moles 171) 54 0.90 * 0.01
Plasma Cu (M moles 171) 54 13.09 + 0.34
Urea (m mol 171) 50 3.2 % 0.16
(ii) Co depleted (4 cattle)
Blood parameter No. of Trial mean
samples

Haemoglobin (g 100 m1~1) 44 10.31 % 0.21
Plasma glucose (mg %) 44 88.3 * 1.82
Alkaline phosphatase (U 171) 42 312.4 +17.2
Aminotransferase (ST ml—l) . 44 51.7 + 1.27
GSH-Px (U ml™ ' cells at 30°C) 44 39.8 + 1.60
Plasma Ca (m moles 17 7) 44 2.53 £ 0.04
Plasma Mg (m moles 171) 44 0.91 + 0.02
Plasma Cu (i moles 171) 44 12.46 + 0.39
Urea (m mol 171) 40 3.4 % 0.16




(c) Mean concentrations of the varous blood parameters determined
for the ten cattle in Experiment 3 (Chapter 7) over the whole
trial (% S.E.) ’

Blood parameters No. of Trial mean
samples

Haemoglobin (g 100 mi L) 20 11,17+ 0.18
GSH-Px (U ml — cells at 30°C) 20 35.1 *+ 1.41
Plasma Ca (m moles l'l) 20 2.78 % 0.11
Plasma Mg (m moles l’l) 20 0.89+ 0.03
Plasma Cu (. moles 17 ) 20 15.21 % 0.52
Urea (m mol 171) 20 3.9 % 0.27
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APPENDIX VI Mean liveweights, haemoglobin, plasma Mg and Cu ,
concentrations for the lambs used in the trace element

----- supplemented-anthelmintic-evaluation-trial-(Chapter-8)--————-

(a) Mean (n=20) liveweights (kg) for lambs at each sampling date in
the trace element supplemented anthelmintic evaluation trial
Chapter 8 (+ S.E.)

(i) Site 1 (Grainston Farm)

Date Control Panacur + Panacur Panacur SC
Cosecure
9/9/85 | 34.3 + 0.86 35.0 + 1.11 36.3 + 0.97 34.9 + 0.94
7/10/85 35.6 + 0,75 35.6 + 0.97 36.9 = 0.97 36.2 £ 0.96
5/11/85 37.1 £+ 0.76 36.2 = 0.73 38.6 + 0.85 37.3 £ 0.89
2/12/85 38.8 + 0.72 38.3 + 0.81 41.1 +1.03 39.3 = 1.00
9/1/86 35.7 £ 0.73 34.7 £ 0.75 37.1 £ 0.72 36.4 £ 0.75
(ii) site 2 (Orchardton Farm)
?anacur + Panacur + Co
Date Panacur Panacur SC Vitamin B12 drench
injection

1/10/85 42.3 0.70 41.8

* 0.51 41.2 = 0.99 42.9 £ + 0.79
29/10/85 43.2 = 0.63 41.9 + 0.95 43.1 + 0.71 43.1 + 0.72
25/11/85 47.6 + 0.75 46.6. + 0.70 46.9 + 0.66 47.0 + 0.59
17/12/85 47.3 = 0.67 45.9 + 0.67 47.1 + 0.56

0.76 46.7
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